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Foreword

So much of neurology exists only “in use”, This is the neu-
ralogy that is practiced in the clinics, wards, and offices of
seasoned clinicians and cannot be found in large encyclopedic
textbooks of neurology or smaller monographs intended for
medical students, The accumulated experience of the neurolo-
gist can be distilled to a number of action items and thought
processes that are challenging to articulate.

Dr. Aaron Berkowilz has writlen a book that eccupies
just this position. He has taken the transactional daily work
of neurclogy and produced a wonderfully readable, concise,
but by no means superficial book that fits well in the current
pedagogic environment. One might ask whether any book en
neurclogy is needed now that disembadied information is so
easily available on the web and algorithims for various signs,
symptoms, and diseases abound. But between information that
is as often misleading as it is useful, and the storehouse of wis-
dom accumulated over a long career, sits a great body of neu-
rological knowledge. It is this assembled knowledge that allows
us to efficiently move through the workday and can be taught
to students and residents during their rotations. Berkowitz's
book is more than a compendium or teaching guide and is

far superior to existing books of its size and scope because of
the thoughtfulness with which the knowledge about diseases
and neurological conditions has been assembled. He gets right
down to business, addressing almost every major point that is
encountered on the wards and in the clinic,

A book such as this one 15 more suitable for neurology
than for any other branch of medicine, We still depend on
the interface between our own refined clinical skills and our
decisions regarding diagnosis and treatment. The pearls con-
tained here about the meaning of particulars of the history
and examination cannot be found elsewhere, The book makes
a seamiless transit from these data to practical wisdom about
their application. The material is clear and avoids the ambigu-
ity that clutters most other books. In deing so, it also incor-
porates the latest thinking from clinical trials and together,
these features provide one of the best modern outlooks on the
pragmatic practice of neurology.

It takes a certain outlook on pedagogy and practice to
produce such a book. Dr, Berkowitz has more than succeeded,
and I find myselflooking at a number of the chapters over and
over to reorient myself to solid teaching and practice.

Allan H. Rapper, MD

Executive Viee Chair of Neurology
Brigham and Women's Hospital
Professor of Neurology

Harvard Medical School

Boston, Massachusetts



Preface

There are many extraordinary neurology and newroanatomy
textbooks. Innumerable clinical pearls can be gleaned from
dedicated time spent with these texts as a student, trainee, and
practitioner. Yet when | was a student and then a trainee, [
found that there was no single text that provided a comprehen-
sive introduction to clinical neuroanatomy, its application to
neurology, and the diagnosis and management of both com-
mon and rare peurologic diseases in one coneise velume. 1 had
wished that there was a book that could be read cover-to-cover
as a student rotating through newrology, or when [ was a soon-
ta-be neurology resident at the end of my medical internship,
or as a quick reference 1o efficiently review topics as a neurol-
opy resident - a book in which one or more chapters could
be read inoa single sitting.  As 1 began to teach nedroanatomy
and neurclogy to students, residents, and non-newrologists,
I learned that they too wished for such a book. In Clinfcal
Neurology and Neuroanatomy: A Localization-Based Approach,
I decided to attempt to write that book.

Some of the many essential texibooks that nearly all neu-
rologists return to throughout training and practice include
Brazis' Localization in Clinical Newrology, Patten's Newrologic
Differential Diagnosis, and Blumenfeld's Neuroanatomy
through Clinical Cases for neurologic localization and clinical
neuroanatomy; Adams and Victor's Principles of Neurology
and Bradley’s Neurology in Clinical Practice for clinical
neurclogy. Clinical Neurclogy and Newrsanatomy: A
Localization-Based Approach is. by design, a fraction of the
size of any one of these books, and is meant to provide a con-
cise but comprehensive framework to facilitate engagement
with those texts. My goal is to distill clinical neurcanatomy,
clinical neurology, and their interrelations to their fundamen-
tal principles so as to explain them clearly and simply. In so
doing, | hope to convey the core material essential to the prac-
tice of neurology in an efficient and easily digestible format
with the depth and detail required of neurology residents and

neurologists reviewing for recertification examinations, but
also with sufficient clarity and brevity for medical students on
newrclogy retations and non-neurclogists in settings where
there are few or no neuralogists,

In Part 1 of this book, clinically relevant neurcanatomy
is presented in clinical context in order to provide a frame-
work for neurologic localization and differential diagnosis.
The diseases mentioned in localization-based discussions of
differential diagnoses in Part 1 are then discussed in clini-
cal detail with respect to their diagnosis and management
in Part 2. For example, in Chapter 5, the anatomy of the
spinal cord and its relation to clinical syndromes involving
the spinal cord are discussed. The differential diagnosis of
myelopathy is presented, but the evaluation and management
of many of the diseases mentioned that can cause myelopathy
are discussed in Part 2 (e.g., vascular diseases of the spinal
cord are discussed in Ch. 19, infections of the spine in Ch. 20,
inflammatory conditions of the spinal cord in Ch. 21). Part 1
of this book can therefore be consulted for a neurcanatomi-
cal localization-based approach to symptom evaluation, and
Part 2 for the clinical features, diagnosis, and management
of neurologic diseases. Certain diseases are more logically
discussed directly in the context of their underlying anatomy,
and where this is the case, these diseases are discussed in Part
1 {e.g., trigeminal neuralgia and Bell's palsy in Ch. 13 on the
trigeminal and facial nerves; benign paroxysmal positional
vertigo in Ch. 12 on the vestibular system and the approach
to vertigo).

Meurology is learned by taking care of patients: thinking
through localization and differential diagnosis, evaluation,
and management of individual patients, and discussing these
patients’ cases with one's clinical teachers and colleagues.
This book is of course no replacement for that experience.
Hewever, my hope is that this book will serve as a guide to
and through that process.

Aaron L. Berkowitz, MD, PhD

xi
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PART I NEUROANATOMY AND NEUROANATOMIC

LOCALIZATION

Diagnostic Reasoning

in Neurology and the

Neurologic History
and Examination
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CHAPTER CONTENTS

LOCALIZATION IN NEUROLOGIC DIAGMOSIS:
DETERMIMING WHERE THE PROBLEM I3

TIME COURSE IN NEUROLOGIC DIAGMNOSIS:
DETERMIMNING WHAT THE PROBLEM 15

ASSOCIATED SYMPTOMS AND SIGNS IN
NEUROLOGIC DIAGNOSIS

INTRODUCTION TO THE NEUROLOGIC EXAMINATION

Examination of Mental Status

Differential diagnosis in neurology is based on two main

components determined from the clinical history and physical

exanmination:

« The localization of the neurcanatomic origins) of the
patient's symptoms and signs

« The time course over which these symptoms and signs have
arisen and evolved

These give rise to what [ call the “fundamental equation” of
differential diagnosis in neurology:

Differential Diagnosis = Localization x Time course

Localization relies on the clinical history and neurologic
examination to determine where in the nervous system the
problem is. To some extent, knowing where the problem is
already begins to circumscribe what the problem is, since each
level af the nervous system has o particular differential diag-
nosis for the types of disease processes that can affect it. The
time course over which :mumlugic symptoms arise and evolve
provides erveial information in determining wiheal the prob-
lem is, since different disease processes emerge and develop
over different time frames.

Examination of the Cranial Nerves
Examination of the Motor System
Examination of the Sensory System
Examination of the Reflexes
Examination of Coordination
Examination of Gait

The General Examination in Neurologic Diagnosis

LOCALIZATION IN NEUROLOGIC
DIAGNOSIS: DETERMINING
WHERE THE PROBLEM IS

Localization is the process of determining where in the ner-
vous system the patient’s disease process is occuring: Is the
problem in the central nervous system (CINS), the peripheral
nervous system {PNS), or both? Within the CNS, is there a
lesion in the brain, brainstem. cerebellum, or spinal cord?
More precisely, where is the lesion within those structures? For
example, which fevel of the brainstem or spinal cord? Which
hemisphere(s), lobe(s), and gyrusigyei of the brain? Within
the peripheral nervous system (PMNS), is the lesion at the level
of one or more spinal reots, dorsal root ganglia, peripheral
nerves, muscles, or atl the newromuscular junction? 1f there is
aroot, nerve, or muscle problem, which root(s), nerve(s), and/
or muscle(s) isfare involved?

Mervous system diseases may affect particular steuctures
(e.g.. the basal ganglia, the cerebellum, the peripheral nerves),
a particular tissue type (e.g.. white matter ve gray matter of
the brain; myelin of peripheral nerves vs their axons), or one

1
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or more particular systems (e.2.. the motor svatem, the mem-
ory system).

Localization requires a detailed understanding of neu-
roanatomy. Part 1 of this book presents clinical neuroanat-
amy alongside the clinical approach to symptoms and signs
related to the anatomy under discussion, Diseases thar are
mentioned in Part | of this book are discussed in more detail
with respect to their clinical features, diagnosis, and treat-
ment in Part 2.

Localization begins with the clinical history, which
should elucidate the nature of the patient’s present-
ing symptlom(s) and allow for an initial idea of potential
localization(s). For example, is a chief complaint of “dithculty
walking” due to weakness. impaired coordination. altered
sensation, or changes in vision? The neurologic examination
provides further clues as to the neuroanatomic localization of
the patient’s symploms {se¢ “Intreduction 1o the Neurologic
Examination” below).

TIME COURSE IN NEUROLOGIC
DIAGNOSIS: DETERMINING WHATTHE
PROBLEM IS (FIG. 1-1)

The time course of symptom onsel and evolution mayv be
described as suddenfhyperacute (over seconds (o minates),
acute (over hours to doyvs), subacute (over davs to weeks to
monthsl, or chronic (over months 1o vears). As 2 general “first
dogic differential diagnosis based on the timing
nd pace of svmiptom evolution {(with a few

rass” in mey

OF SUmoLem
4L

SacEpLhons Noled Dol
» Hyperacule [over secands to minwtes):

« Vascular (eg. ischemic stroke, intracercbral hemor-

rhage. subarachnold hemorchage)
» Seizure
« Migraine
« Metabolic (e.g.. hyperglveemia or hypoglveemia)
+« Drugs/Toxins
« Trauma

« Acute to subacute (over hours to days):

« Infectious (bacterial and viral infections of the nervous
sVSLEM: 2., meningitis, encephalitis, abscess)

« Inflammatory/demyelinating (e, Guillain-Bareé syn-
drome. flare of multiple sclerosis)

« Metabolic {¢.g., uremia, hepatic encephalopathy. hypo-
natremiz or hvpernatremia)

+ Drugs/Toxins

« Subacute to chronic (over days to weeks 1o manths)

« Meoplastic

« Inflammatory/demyelinating disease (ep., chronic
inflammatory  demvyelinating  polyradiculoneuropathy
[CIDP]}, parancoplastic syndromes)

« Infectious (fungal, tuberculous, and parasitic infections
of the nervous system)

« Metabolic (e.g.. vitamin B12 deficiency)

« Drogs/Toxins
« Chronie (over vears)
« Newrodegenerative diseases (e, Aldheimer’s disease,

Parkinson’s disease)

Mote that if one keeps in mind that metabolic abnarmali-
ties, drugs, and toxins can cause nevrologic dysfunction over
nearly any time course (depending on the metabolic abnor-
mality, drug, or toxin), the rest of this schema distills to:

« Hyperacute: vascular, seizure, migraine, trauma

« Acute to subacute: infectious, inflammatory/demyelinating
+ Subacute to chronic: neoplastic, inflammatory/demyelinating
« Chronic: nevrodegenerative

There are a few important exceptions to this general
schema:

« Chronic diseases may present acutely. For example,
although focal deficis from wmers usually emerge and
evolve subacutely, a brain tumor may be asymptomatic
until it causes an acute seizure. Another example of a
chronie disease that can present acutely is relapsing
remitting multiple selerosis, 4 chronic disease characterized
b acute exacerbalions.

Although most vascular problems present hyperacutely,
chronic subdural hematoma is an example of a vascular
ctiology that presents subacutely/chronically (see Ch. 19).
Fungal infections and tuberculosis may present subacutely
compared to bacterial and viral infections, which present
miore acutely (see Ch. 20).

With the exception of seizure and migraine, which are
exclusively cerebral phenomena, the other categories apply
across most levels of the neuraxis. For example, sudden-
aivsel findings localizing 1o a particular part of the brain
supgest @ vascular cause, and this is alse true of the spinal
cord (e.g., spinal infarct, spinal epidural hemorrhage) and
even of a sudden-onset peripheral nerve palsy (e.g., nerve
infarction as can be seen in vasculitis). Acute inflammatory
disease of the brain (¢.g. acute flare of multiple sclerosis), spine
le.g. transverse myelitis), or peripheral nerves (e.g., Guillain-
Barre syndrome) all emerge and evolve over hours to days.

ASSOCIATED SYMPTOMS AND SIGNS IN
NEUROLOGIC DIAGNOSIS

In addition to the time course of spmptom onset and evolu-
tien, U Bistory must elicit associated congurrent or preceding
symptoms o contextualize the patient’s primary symptom.
Far example, if the presenting sympton is weakness, is this
weakness accompanied by sensory changes and/or pain? [s the
presenting symplom resteicted to the limb most prominently
noted by the patient or is it also present elsewhere? Il the com-
plaint is headache, is there associated nausea/vomiling or are
there visual changes? Such questions establish the full range
of the patient's symptoms beyond the “chiel complaint”™ most
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FIGURE 1-1 Schematic showing differential diagnosis of neurclogic disease by time course.

salient to the patient, aiding in localization of the cause of the
patient’s symploms.

OfF course, as in all areas of medicine, each symptom
must also be fully characterized by the clinical history with
respect to its quality, severity, exacerbating and alleviating
factors, and any accompanying symploms within the con-
text of past medical history, family history, social history,
and medications.

The clinical history should allow for an initial hypoth-
esis 1o be generated about where in the nervous system the
problem may be as well as whar it may be, and the neurg-
logic examination provides further information to support or
refute this hypothesis.

INTRODUCTION TO THE NEUROLOGIC
EXAMINATION

The neurologic examination is a critical tool in localization,
confirming or refuting hypotheses generated during the his-
Lory, or sometimes giving rise to new ones entirely. For exam-
ple, is the patient's presenting problem of “difficully moving
one hand” due to weakness, slowed movement, numbness,
pain, incoordination, or inability to execute a complex move-
ment plan? Each of these possibilities can be tested in the
caurse of the neurologic examination,

With each element of the neurologic examination, it is
important to consider which systems and structures within
the nervous system are being evaluated and how their dys-
function could manifest. When working toward mastery of
the neurclogic examination and its interpretation, it is help-
ful to try to imagine the pathways involved while examining
them. For example, when testing the pupillary light reflex,
think: "afferent via optic nerve to pretectal nuclei of the mid-
brain, efferent via Edinger-Westphal nuclei to the oculomo-
tor nerves” {see Ch. 10). When testing a muscle, think about
the name of the muscle and its nerve and nerve root supply
(see Chs. 16-17).

The neurologic examination is divided into seven
components:

1. Mental status
2. Cranial nerves
1. Motor

4. Sensory

5. Reflexes

6. Coordination
7. Gait '

Each of these components of the neurologic examina-

tion has countless individual examination maneuvers, and
only the basic elements are briefly introduced here. Many
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more detailed aspects of the examination of each system are
described in Chapters 3-17 alongside a more in-depth discus-
sion of the neurcanatomic localization and clinical signifi-
can¢e of abnormal examination findings.

Examination of Mental Status

The examination of the patient’s mental status evaluates two
aspects of the mental state:

« The level of conscionsness

« The integrity of individual cognitive functions (e.g. alten-
tion, memory, language. calculation, abstract reasoning,
praxis)

Examination of the Level of Consciousness:
Assessment of the Reticular Activating System,
Thalami, and Cerebral Hemispheres

The neuroanatomic substrates of consciousness include the
reticular activating svatem and other ascending projections
from the brainstem, which project to the bilateral thalami and
to the bilateral cerebral hemispheres.

The level of consciousness refers 1o the patient’s siate
of arousal: Is the patient awake? If the paticnt is awake, is
she or he alert? If the patienn is alert. is she or he atten-
tive? If the patient is not awake, can she or he be awakened
by voice or is vigorous stimulation required 1o awaken the
intained or does

sfulnessn

Aan iy, 15 W

patient? Once a

tall bach 1o sleep? These tvpes o1 descriplions are

ratent as delivious Olectsinng acute conlusion), lethargic
o somneient (fadls wsleop without repeated stimulation),
stuporaus [eguires vigorous and/or painful physical stim-

1ot b awakenedy obtunded (somewhere between

olent and stuporoes), or comatose (not able to be
aroused by any stimitlus of any sort and po response to the
environment). These terms may mean different things to
ditferent clinicians. and so0 the precise descriptions noted
above are generally preferable when describing a patient's
mental state.

Examination of the Integrity of Cognitive
Functions: Assessment of the Cerebral
Hemispheres
The newrcanatomic subsirates of cognition reside in the cere-
bral hemispheres. Individual cortical regions, networks of these
regions and subcortical structures, and their interconnections
are specialized for different cognitive functions (see Ch. 7).
Generally, the examiner develops a good sense of the
patient’s menial status during the history: Is the paticnt's flow
of ideas logical and clear? Is the patient's speech fluent? Does
the recounting of recent and past events demonstrate that the
put:icnt's memory is intact? Does the patient respond appro-
priately to questions? Difficultics with any of these may give
initial inklings of cognitive deficits that can be further evali-
ated on the mental status examinaticon.

If the patient is not awake, or not arousable for long
enough 1o engage in the examination, cognition cannot
be tested, 1f the patient is awake and alert, the first cogni-
tive modality to test is altention. I the patient’s attention is
impaired, the other cognitive domains cannot be effectively
evaluated. For example, il vou are sending or reading a text
message during a lecture, despite hearing what the lecturer
says, you may not remember it later: without paying attention,
one cannat store the infornation in memaory, Similarly, if you
are not paying attention to what somcone is saying o you, you
may not understand what is said, and vour response may not
make sense, 50 vour language comprehension in that moment
may be suboptimal. Therefore, cognitive modalities beyond
attention can only be reliably tested if attention is intacl.

Examination of Attention: A Function of the Frontal and

Parietal Lobes—Attention cannot ocour without percep-

tion. For example, if a patient is blind, the patient cannot pay

attention Lo a visual stimulus, The ability 1o select what to pay

attention 1o and the ability 1o maintain attention are subserved

by the frontal and parietal lobes. Attention can be tested by

assessing the patient’s ability to recite a string of numbers for-

ward and backward (digit span), asking the patient to recite the
days of the week {or the months of the vear) backward, asking
the patient to spell the word “warld” backward (or another
word of similar length), or asking the patient to subtract seven

serially from 100 (100, 93, 86, and s0 on). These tasks require
maintaining attention and concenlration on the lask at hand,
and any lapse in attention will cause the patient to get lost, or
make other errors (e.q., start going forward rather than back-

ward), MNote that the spelling tash requires language abil-
ity and the subtraction task requires caleulation, so forward
and backward repetition of a siring of numbers of increasing
length provided by the examiner or recitation of the days of
the week (or months of the vear) backward may be simpler
and less confounded ways of testing sitention.

Inattention is a core feature of the altered mental state
in delirium (see Ch. 223, and inattention to one half of the
world (negleet) ean be seen with parietal lesions {(most com-
monly right parictal lesions producing lefi-sided neglect:
see Ch. 7).

Examination of Memeory: A Function of the Temporal
Lobes—=Shorl-term memory can be tested by asking patients
about the recent past {e.g., what they had for breakfast that
morming, current events), and long-term memory can be
tested by asking about the remote past {e.g.. where they were
born, went 1o school). although aceuracy ol the responses may
be hard for the examiner to verify if the patient is being exam-
ined alone, Note that even patients with the most profound
deficits in memory due 1o neurologic conditions should never
forget their own names. Forgetting one’s own name is almost
always an indication of a psychiatric condition.

Short-term memory can also be tested by asking the
patient 1o remember three or more words and then asking
the patient to recall these words 5 minutes later afier the rest
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of the examination. The weords used should be in different
categories so they cannot be easily “joined” by the patient
(e.g. "blue” and “shin” could be stored and recalled as one
element "blue shirt™); “red,” "window.," and "honesty” is a
common set of words for this test. 1f the patient cannot recall
one or more of the words spontaneously after 5 minutes, cat-
egory clues can be given (for “red,” “window," and “honesty™
a color, a part of a building, and a character trait). If these
cues do not elicit a memory of the words, the patient can then
be given a list of choices to see il the patient can recognize the
words from a list.

Memory loss is called ammnesia. Retrograde amne-
sia refers 1o the inability to recall events from the past, and
anterograde amnesia refers o the inability 1o I’urm__tin:_w
memories. Amnesia génerally occurs due fo dysfunction of
one or both temporal lobes, particularly medial temporal lobe
structures such as lthﬁ_iEEgca mpus. Deficits in memory are a
care feature of Alzheimer's disease and transient global amne-
sia {see Ch, 22).

Examination of Language: A Function of the Fron-
tal and Temporal Lobes (Most Commonly in the Left
Hemisphere)—Language has several components: produc-
tion {spoken and written), comprehension (hearing and read-
ingl, and repetition. The various combinations of deficits
in aspects of spoken language are called aphasias, and are
described in Chapter 7. In right-handed patients {(and in most
left-handed patiens), language is predominantly a function of
the left hemisphere: Broca’s area for language production is in
the left inferior frontal gyrus, and Wernicke's area for language
comprehension is in the left posterior superior temporal gyrus
{See Ch. 7). Language can be aflected by any lesion in one or
baoth of these regions including strake (Ch. 19), tumor (Ch. 24},
or neurcdegenerative diseases such as primary progressive
aphasia (Ch, 22). Aphasia should be distinguished from dys-
arthria, which refers to a difficulty articulating speech but with
preserved language content and structure,

Many other aspects of cognitive function can be tested
depending on the clinical context. including visuospatial abil-
ity, abstract reasoning, caleulation, and ability te perform
complex learned motor tasks (praxis), some of which are
discussed in more detail in later chapters,

The Mini-Mental State Examination {MMSE) and the
Montreal Cognitive Assessment [MoCA) are examples of
bedside tests that evaluate a number of cognitive functions in
different domains. These tests are useful in characterizing a
patient’s cognitive deficits as well as in making comparisons
over lime. More extensive neuropsychological testing can also
be performed.

Examination of the Cranial Nerves

The cranial nerve examination evaluates the neurologic
functions of the structures of the head and neck. Although
this portion of the examination is called the “cranial nerve”

examination, it also tests the brainstem (the site of the cranial
nerve nuclei), and. in many cases, the cerebral hemispheres
(which are the ultimate recipients of incoming sensory infor-
mation frem the cranial nerves [e.g., vision, hearing, 1aste,
smell, facial sensation|, and which provide descending control
of the motor functions of the motor cranial nerves to the mus-
cles of the head and neck). The brainstem and cranial nerves,
their functions and pathways, and the conditions that affect
them are discussed in Chapters 9-14.

Cranial Merve 1: Olfactory Nerve

Cranial nerve 1 (CH 1) is the olfactory nerve, which conveys
the sense of smell from the nose to the olfactory cortex
(inferior frontal and medial temporal lobes). This is the only
sensory modality that sends information directly to the cortex
without a stop in the thalamus en route (although the olfactory
cortex does send projections o the thalamus). Thus, testing
smell is a test not only of CH 1, but also its corresponding
senmsory cortex (see Ch. 14),

Cranial Nerve 2: Optic Nerve

Cranial nerve 2 (CN 2) is the optic nerve, which transmits visual
information from the retinag to the occipital cortex (Ch. 6).
CHM 2 also transmits light information to the midbrain as the
afferent limb of the pupillary light reflex. The pupillary light
reflex tests CN 2 {afferent), CN 3 (efferent), and the midbrain
nuclei and pathways that connect them (see Ch. 10). Testing
visual acuity and visual felds tests the eyes, optic nerves, the
visual cortex in the occipital lobes, and the pathways that con-
nect them (see Ch. 6). CN 2 is the only cranial nerve—and the
only nerve for that matter—that can be directly visualized on
the physical examination: the optic nerve head can be seen b}'
fundoscopy. CM 2 is also the only cranial Ill':l_"_.:t.:_t_l_'lilt__l_s: part of

the central nervous system;all others are peripheral nerves,

Cranial Nerve 3 (Oculomotor nerve), Cranial
Merve 4 (Trochlear Nerve), and Cranial Nerve 6
{Abducens Nerve)

Cranial nerves 3 (the oculomotor nerve), 4 (the trochlear
nerve), and 6 (the abducens nerve) control the movements
of the eyes. CN 3 also controls elevation of the eyelid and
canstriction of the pupil. Therefore, tests of eye movements
examine these three nerves and their interconnections in
the brainstem. The ability to follow instructions to look in
a specific direction (saccades) and to follow the examiner's
finger (smooth pursuit) requires communications between
these brainstem pathways, the cerebellum, and the cortical eye
fields (see Ch. 11).

Cranial Merve 5: Trigeminal Nerve

Cranial nerve 5 is the trigeminal nerve, which transmits
1-_I':u:nl sensation| to the sensory cortex by way of the brain-
“stem and veniral posterior medial nucleus of the thalamus,
and also controls the muscles of mastication (chewing). Test-
ing facial sensation (i.e., light touch, temperature, and pain)




<} PART 1 Neurcanatemy and Neuroanatomic Localization

and evaluation of the strength of jaw opening and closure are
tests of the trigeminal nerve, its brainstem nuclel, and the
sensory and motor centers with which they communicate in
the cerebral hemispheres (VPM of the thalamus and post-
central gvrus for facial sensation: precentral gyrus for motor
supply to the jaw musculature). The trigeminal nerve carries
the afferent limb of the corneal reflex {eve closure with stimu-
lation of the cornea): the efferent limb travels in CN 7. CN 5
pravides both the afferent and efferent limbs of the jaw jerk
reflex {see Ch. 13}

Cranial Nerve 7: Facial Nerve

Cranial nerve 7 isthe facial nerve. the main function of which
is to control the movements of facial musculature (it has a
number of other functions discussed in Ch. 13). Asking the
patient to raise the evebrows and close the eves tightly tesis
the upper facial muscles, and asking the patient to smile tests
the lower facial muscles, Differences in patterns of facial weak-
ness with respect to the upper and lower face can help localize
the site of dvsfunction to the facial nerve itself or the motor
cortex and descending pathways that control it {see Ch. 13).

Cranfal Nerve 8: Vestibulocochlear Nerve

ial perve 8 is the vestibulocochlear nerve, responsible
ftary and vestibular information 1o the
portion is tested by assessing paticnts”

he auditory f
i1 Both cars (which tests the imegrity of the pathway

1 ke nerve, through the brainstem
v cortex in the superior
ir portion and its brainstem
uclei (CNs 3, 4, and 6)

san b essessed DY Variolis mManguvers that examine the inter-

action of head movements and eve movernents (see Ch. 12).

Cranial Nerve 9 (Glessopharyngeal Nerve) and
Cranial Nerve 10 {Vagus Nerve)

Cranial nerve 9 {the glossupharvngeal nerve) and cranial
nerve 10 (the vagus nerve) have a number of roles including
innervation of the muscles of the larynx, pharynx, and affer-
ent and efferent visceral autonomic funclions (see Ch. 14).
Drvsfunction may cause difficulty with articulation of speech
idysarthria), decreased speech volume (hypophonia), and/
or difficulty swallowing (dysphagia). Aside from assessing for
dvsarthria and hypophonia, CNs % and 10 can only be evalu-
ated on examination by assessing palate elevation {(primar-
ily a function of CN 10) and the gag reflex (afferent limb is
supplied primarily by CN 9 efferent limb primarily by CN 10;
see Cha 14).

Cranial Nerve 11: Spinal Accessory Nerve

Cranial nerve 11 is the spinal accessory nerve, which controls
the trapezius (shoulder dlevation) and the sternocleidomas-
toid (turning the head) (see Ch 1) CM Land CN 11 are the
only cranial nerves that do not make any contact with the

brainstem. CN 11 comprises spinal roots, but exits the skull
with ather cranial nerves through the jugular foramen.

Cranial Nerve 12: Hypoglossal Nerve

Cranial nerve 1245 the hypoglossal nerve, which controls the
muscles of the tongue. 1t is assessed by asking the patient 1o
protewde and move the tongee. Like CN 7 and the moter
component of CM 5, its motor control comes from the
motor cortex (precentral gyrus), so weakness of the tongue
on one side can localize anywhere along the pathway from
the contralateral motor cortex o its connections with the
CN 12 nucleus in the medulla to the hypoglossal nerve wsell
{sec Ch. 14).

Examination of the Motor Systam

The motor systemy spans the entire axis of the e s svdie
brain, brainstem, spinal cord, (veniral) nerve rosis, seciphe
nerves, neuromuscular junction, and muscle {see Ch, 1o In

addition to testing the strength of all muzeles during tie motor

examination and looking for weakness or diffcrences between

the lefi and right sides, the motor examination assesses for

muscle bulk (atrophy refers to loss of muscle bulk), muscle

tone (increased tone refers to resistance when passively

moving a joint; decreased tone or flaccidity refers Lo decreased

resistance). speed of movements (bradylinesia refers 10 a

slowing of movements), or any abnormal movemwenis

(¢.g.. fasciculations of muscle, tremor). The ways in which

these features of the examination can aid in localizing motor

problems along the neuraxis are discussed in Chapter 4.
Strength is graded on a 0-3 scale:

« 5; Full strength

« 4: Able to apply force against resistance but less than full
strength

« 3: Able 1o move against gravity but not against resistance

+ 2: Able 1o move fram side 1o side but not against gravity

= I: Most minimal detectable movement (a "Micker” of

movement)
0: Unable te move at all

+ and - may be added to these designations. For example,
5- suggests strength that is nearly but not quite full,

Weakness is referred (o as paresis, and complete paralysis
is called plegia. For example, weakness of both legs is called
paraparesis, paralysis of both legs is called paraplegia, weak-
ness on one side of the body is referred to as hemiparesis, and
paralysis of one limb is called monoplegia.

Examination of the Sensory System

li'h': SENSOry system begins in the skin (for pain, temperature,
{Ig:! 1;Juch_. and vibration sensation), and tendons/muscles
511.1.::1 “If:lfll:"-'!ltiun = perception of where the body is in
! inal" J:;f_ teral nerves transmit this information to the
pinat cord via dorsal root ganglia and dorsal roots. Sensory
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information then travels in various pathways to and through
the brainstem, the thalamus, and ultimately the somatosen-
sory cortex in the anterior parietal lobe {postcentral gyrus).
The distribution of sensory loss on the body and the sen-
sory modalities affected are the key points that help local-
ize lesions along this pathway (see Ch. 4). Proprioception
can also be assessed by having the patient stand with the
feet together and eyes closed: If proprioception is impaired,
without vision to compensate when the eyes are closed, the
patient will be unable to maintain balance with eyes closed
“iRomberg sign).

Examination of the Reflexes (Fig. 1-2)

Reflexes test the nerves and roots that provide sensory input
to the spinal cord and receive motor output from the spinal
cord, as well as the interconnections between the motor amd
sensory pathways in the spinal cord. Reflexes can be dimin-
ished (hyporeflexia) or absent (areflexia) with lesions in
the peripheral nervous system (roots, nerves) and increased
(hyperreflexia) with lesions in the central nervous system
(brain, brainstem, spinal cord), discussed further in Chapter 4.
The moest commonly tested reflexes are the biceps (C5-C8,
musculocutancous nerve), brachioradialis (C6, radial nerve),
and triceps (C7-CE, radial nerve) in the upper extremities; and
the patella (L3-L4, femoral nerve) and ankle/Achilles {51-52,
tibial nerve) in the lower extremities. The associated nerve
roots can be remembered by the mnemonic 1-2 < 3-4 - 5-6
= 7-8, counting from the ankle (51.2), upward to the patella
(L34), 1w the biceps (C5,6) and brachioradialis (C6), and,
finally, to the triceps (C7.8),

Biceps reflax
[

Brachioradialis rellex
C56

If a patient’s reflexes are not able ta be elicited in the
usual manner, reinfercement mancuvers may be attempied
For the upper extremities, the patient can be asked to bite
down while the reflexes are being tested. For the lower
extremities, the patient can be asked to curl the fingers of one
hand inte the fingers of the other and pull at the moment the
reflex hammer strikes (Jendrassik maneuver). Elicitation of
reflexes only by reinforcement is a sign of hyporeflexia.

Reflexes are described as normal, increased {h!l;petre-
flexia), decreased (hyporeflexia), or absent (areflexia). 0isused
to designate areflexia, 1+ signifies hyporeflexia (diminished
or requiring reinforcement), 2+ signifies normal reflexes,
3+ denotes hyperreflexia, and 4+ denotes hyperrellexia with
clonus. Clonus is rhythmic oscillating movement at a joint,
most commonly elicited by briskly doesiflexing the ankle and
halding the fool dersiflexed. Clonus should be described in
terms of the number of beats of clonus, and it should be noted
whether clonus stops spontaneously or is sustained. Clonus is
dizeussed further in Chapter 4.

Pathologic Reflexes

The meost commonly tested pathelogic reflex is evaluation
for Babinski’s sign. To elicit Babinski's sign, the examiner
strokes the bottom of the foot slowly lrom the heel along the
lateral surface of the foot, and then continues medially along
the base of the toes: I the big toe extends upward (sometimes
accompanied by fanning of all toes), this is a positive sign
and s associated with central mervous system dysfunction
(brain, brainstem, or spinal cord). The sign eccurs normally in
infanits but is always abnormal in childhood and adulthood.

Quadniceps roflex
L34

Achilles rellex
1.2

FIGURE 1-2 Schematic showing deep tendon reflexes. Reproduced with permission from Aminolf M, Greenberg D, Simon R: Clinical

Neuralogy, Sth ed, New York: McGraw-Hill Education: 2015,




8 PART 1 Newrsanatomy and Newroanatomic Logalization

Hoffman's sign is an upper-extremity analogue to Babinski's
sign {see Ch, 4),

A number of reflexes called frontal release signs can be
seen in demented patients, but may also be seen in normal
elderly adults (and like Babinski's sign, are normal in infams)
(see Ch. 22].

Examination of Coordination

Testing coordination of movements requires that the muscles
unrjeri}'lng those movements be strong. Actions attempted
by weak muscles can appear uncoordinated. Coordination is
usually tested by having the patient move a pointer finger back
and forth between the examiner’s finger and the patient’s own
nose, sliding the heel down the shin, and performing rhyvthmic
rapid alternating movements. When the patient is performing
the finger-nose task, it s important that the examiner require
the patient to extend the arm full}'. otherwise subtle ataxia at
the extremes of motion may be missed.

Ataxia refers to uncoordinated movements, dysmetria
refers 1o inaccuracy of movements {(overshooting or under-
shooting a 1arget). and dysdiadochokinesia refers 1o uncoordi-
nated rapid allernating movements. All of these abnormalities
in coordination are associated most commonly with disorders
of the cerebelium, but note that the cerebellum necds proprio-
drpt o perform its coordinating function. Therefore,
can also be caused by impaired proprioception {eg.
due o nerve, dorsal roo, dorsal root ganglia, or spinal card
.which is called sensory ataxia (see Ch. 8).

[LEEN ek 1

Examination of Gait

Cratl rebies on optinl function of all levels of the nervous
svatent, The pattern of gait can suggest various types of besions
in the central or peripheral pervous system, and in some
nstances, particular diseases. Examples include:

« Sleppage gait: the foot is lifted high off the ground and is
stapped down. This eccurs when there is dorsiflexion weak-
ness causing foot drop (see Ch, 17).

Trendelenburg gail: the pelvis drops toward the opposite
side when the weight is balanced on the leg on the affected
side during walking. This cccurs when there is gluteal
muscle weakness.

« Parkinsonian gait: stooped, small-stepped. shutlling gait,
with difficulty turning (sec Ch. 23),

Magnetic gait: the fect are lifted only bricily off the ground
before being returned briskly 1o the ground (as if a magnet
were pulling them down). This can be seen in normal pres-
sure hydrocephalus (see Ch. 22) and with proprioceptive
dvsfunction (see Ch. 4.

Ataxie gait: a wide-based and unsteady gait. This is seen in
cerebellar dysfunction {as can be seen in alcohol intoxica-
tion) and severe proprioceptive dysfunction,

Spastic gait: the leg is extended, the foot plantarflexed. and
the entire leg circumducted (swung out 1o the side) with
each step. I both leps are spastic, this pattern can bead to a
scissor gail. This is a pattern seen with central nervous sys-
tem dysfunction of the motor system (brain, brainstem,
atdfor spinal cord).

A summary of the localization valug of the virious parts
of the examination is presented in Talle i-1 with references
to chapters where these individual components are discussed
further.

The General Examination in
Neurologic Diagnosis

The general plysical examination is alw ol great impor-
tance in patients with nearelogic symploms and signs te
evaluate lor any signs of systemic discase that may be pro-
ducing neurologic manifestations, The (vlliwing are a few
of many possible examples, In patients with stroke, a detailed
cirdiovascular examination should evalunte for carotid
Bruit (s sign of possible carotid stenosis), cardiac archyth-
miar. anad cardiac murmur {which could suggest valvular dis-
ease including endocarditis), Orthostatic vital signs may be
abmormal in patients with autonomic neuropathies {Ch. 27)
and multiple systems atrophy (Ch. 23), Pallor could suggest
anemia, which may be due 1o vitamin B12 deficiency, a
cauise of myelopathy and neuropathy. Signs of chronic ill-
ness could suggest underlying malignancy, inflammatory
disease, or chronic infection (e.g., HIV), all of which can
have newarologic manifestations. Characteristic skin find-
ings may be seen in dermatomyositis (see Ch. 30) and in
neurocutancous syndromes such as tuberous sclerosis and
neurofibromatosis (see Ch, 24).
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TABLE 1-1 Meuroanatomic Structures and Pathways Evaluated in the Neurologic Examination.

MENTAL STATUS
Arpusal Reticular activating system, bilateral thalamil, and cerebral hemispheres Chapter 7
Attention Frontal and parietal lobes Chapter 7
Memaory Temparal lobes Chapter 7
Language Frantal lobe (uswally left) Chapter 7
Praxis Frontal and parietal lobes Chapter 7
Abstract reasoning Frontal lobes Chapter 7
Visuospatial processing QOecipital and parietal lobes Chapter &
CRANIAL NERVES
Smell €8 1 and olfaciory cortex Chagpter 14
Pupillary Bght reflex CHs 2 and 3; midbrain nuclei and pathways Chapter 10
Visual acuity and helds Eyes, CM 2, thalamus (lateral geniculate nucleus [LGN]), eptic radiations, Chapter&
occipital cortex
Eye movements Chs 3, 4, and 6, brainstem pathaays, frontal and parietal eye Aelds, cer- Chapter 11
ebellum for saccades and smooth pursuit
Facial sensation €M 5, braingtem pathways, thalamus (ventral posterior medial nuclews Chapter 13
[VPM]), somatosensory corex
Facial movements CM 7, mator pathway from precentral gynes to CN T nucheus in pons Chaprer 13
Hearing Inner ear, CH 8, brainstem auditory pathways, thalamus (medial geniculate Chapter 12
nucleus [(MGH]), auditory cortes in superior temporal gyrus
Vestibular system Inner ear, CM 8, brainstem pathways and their connections with nuclei of Chapter 12
CHs 3, 4, 6, and cerebellum
Pakate elevation and gag rellex M5 9 and 10, their pathways in the medulla, and motor control from the Chaprer 12
precentral gyrus
sternoclediomastoid and trapezius CN 11 and matar control fram the precentral gyrus Chapter 14
strength
Tongue movements CM 12 and rotor control from the precentral gyrus Chapter 14
MOTOR
Swength Corticospinal tract {precentral gyrus through subcortical white matter, Chapter 4
brainstem, and spinal cond), ventral roots, peripheral nérves, neuromusou-
lar junction, and muscle
Initiation of movements and assessment Basal ganglia Chapter 7
of abnermal Involuntary movements
SENSORY Peripheral nerves, dorsal reot ganglia, dorsal reats, spinal cord and brain- Chapter 4
stem pathways, thalamus (ventral posterior lateral nucleus [VPLIL postcen-
tral gyrus
REFLEXES Peripheral nerves, nitrve roots, and spinal cord Chapter 4
COORDINATION Cerebellum and its sensory input Chapter &
GAIT Motor, sensation, coordination pathways Chapter 1

CH:Cranial merve
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HNeurodiagnestic tests aid in determining both localization
and diagnosis. The main neurodiagnostic tests are: neuro-
imaging. cerebrospinal fluid (C5F) analysis, electroencepha-
lography (EEG). and electromyography/nerve conduction
studies (EMGINCS). EEG is discussed in the context of the
diagnosis of seizures and epilepsy (Ch. 18) and EMGINCS
inn the context of the diagnosis of neuromuseular disease (Ch. 15
for the principles; Chs. 16=17 and 27-30 for clinical use).
Neurcimaging and CSF analysis are discussed throughout this
book, but an intreduction to their use and interpretation is
provided here.

NEUROIMAGING IN CLINICAL PRACTICE

MNeursimaging allows for visualization of the structures of the
neuraxis, and is used as an extension of the neurologic exam-
ination, I a patient’s symptoms and signs localize to a par-
ticular part of the neuraxis, newroimaging of that region can
provide additional information abowt the underlying patho-
logic process. The disease-based chapters of Part 2 of this book
diseusgs when neuroimaging should be obtained with regard

CONTRAST-ENHANCED NEUROIMAGING
VASCULAR IMAGING

MUCLEAR MEDICINE STUDIES: POSITRON EMISSION
TOMOGRAPHY AND SINGLE PHOTOM EMISSION
COMPUTED TOMOGRAPHY

MEUROIMAGING OF THE SPINE

CEREBROSPINAL FLUID ANALYSIS
C5F Pressure
C5F Chemistry: Glucose and Protein
C5F Cell Counts and Cell Types
CSF Microbislogy: Cultures, PCR, and Antibodies
Patterns of CSF Abnormalities
Additional tests of CSF

1o particular symptoms and diseases. and how it can aid in
diagnosis of various neuralogic conditions.

In clinical practice. many patients have undergone neu-
roimaging studies before a neurologist has evaluated them,
and some patients may be referred for neurclogic evaluation
because of neurcimaging findings rather than clinical find-
ings. In such scenarios, part of the clinical reasoning process
is interpreting the neurcimaging in the context of the clini-
cal findings: Do the neurcimaging findings correlate with
the patient's clinical presentation? Are there aspects of the
patient’s ¢linical presentation that do not have a neurcim-
aging correlate? Are there incidental findings that have no
relationship to the patient’s current presentation but require
further evaluation or longitudinal clinical and radiologic sur-
veillance? Whether neurcimaging is obtained and reviewed
before evaluation of a patient or in the process of a patient's
evaluation, neurcimaging must always be interpreted in the
context of the patient's history and physical examination
in order to prevent misinterpretation/overinterpretation/
underinterpretation of radiologic findings.

The cornerstones of neuroimaging of the nervous
system are computed tomography (CT) and magnetic resonance

11
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imaging (MR}, both of which can be performed with or withowm
intravenows contrast, and both of which an be used to evalu-
ate the cerebral vessels (CT angiography [CTA| and venography
|CTV ] MR angiography [MEA] and venography [MRV]). More
specialized radiographic technigues used in the evaluation of
newrologic diseases include CT and MR perfusion studies, MR
spectroscopy, nucear imaging (poditive emission lomogra-
phy [PET! and single photon emission computed tomography
[SPECT]). and transcranial Doppler ulirasound.

What follows is a primer on neuroimaging. It is not
intended to be of sufficient scope and detail for radiologists
and radiology trainees, but is meant to provide the clinician
with an approach to interpreting neuroimaging studies of the
brain and spinal cord (bone and extracranial soft lissues are
not discussed).

OVERVIEW OF NEUROIMAGING
INTERPRETATION

Whether using CT or MRI, and whether evaluating the brain
or spine, the two main geals are as follows:

I. ldentification of normua! structures and any disturbance or
distortion of these structures: Is everything there that is
supposed (o be there, and does it look as it is supposed
to look?
= Are tissue strucreres of normal size or is there atrophy

welling of one or more regions of the brain or spinal

« Are tne fluid compartments of normal size and con-
Hizuration (Le. veniricles, cisterns, sulci of brain: central
canal of spinal cord 1%

» Are structures where they are supposed to be or is there
hernfation (displacement of structures beyond their
normal compartments)?

2. ldemtification and characieérization of abmormal lesions:
Is there anyvthing there that should not be there, and if
so, how can it be characterized?

CT: Are there regions of hypodensity (darker than

normal tissue density) or hyperdensity (brighter than

normal tisswe density)?

« MR Are there regions of hypointensity (darker than
normal tissue intensity) or hyperintensity (brighter
than normal tissue intensity)?

When interpreling neurcimaging studies, it is helpfil 10
begin by scrolling once from top to bottom and then from
bottom 1o top through all obtained sequences, first 1aking
inventory of normal structures and abnormal findings, and
then characterizing them in radiographic terms before inter-
preting them (e.g., “There is a hypodensity spanning the left
frontal and temporal lobes with sharply demarcated borders
and no other apparent abrormalities.”). This will allow for an
initial radiologic differential diagnosis that can be aligned with
the clinical presentation and will avoid potentially premature

conclusions l{e.g.. fﬂtusing on an obvious abnormality at the
expense of not noting other more subtle abnormalities or
global abnormalities).

The casiest neu roimaging abnormalitics to see are asym-
metrics (e.g., a lesion on one side that contrasts with the nor-
mal contralateral side). It can be more challenging 1o note
symmetric abnormalities (e.g., diffuse cerebral edema, sym-
metric ventriculomegaly, symmetric atrophy), especially
when first learning to interpret newroimaging, This skill
emerges over time after reviewing a large number of normal
and abmormal studies (just as appreciating what the range of
normal is for a physical examination finding such as reflexes
requires examining a large number of paticnts).

The main neurcimaging modalities used o examine
the brain and spine are CT and MRI. Noncontrast CT has
the advaniages of being able o be completed rapidly and
being better at analyzing abnormalities of bone, [t may be
mare sensitive than MRI for detecting acuie intracranial
hemorrhage, but is less sensitive for identiiving subtle
pathologic changes and is particularly insensitive in the
posterior fossa (due 1o beam hardening ariifcn. MRI has

several nﬂ'-'-:n'llugn:.\-: greater resoluiion than €1, increased
ability 10 detect small andior sulitle abmormialities that
may net be visible on CT, ability 1o wse diftferent MRI

Sequences (discwssed i:h.'ll:!l'l.n.'_'r 1o allow for abnormalities 1o
be viewed in different wavs (which aids in characterizing
them}. and no radiation exposure. Compared 10 CT. MRI
takes longer to perform, is more expensive, and cannot
be performed in patients with cardiac pacemakers, other
implanted ferromagnetic medical devices, or exposure 1o
shrapnel.

INTERPRETATION OF BRAIN CT

CT can be viewed using dilferent windows that highlight dif-
ferent aspects of the image (e.g., brain vs bone) (Fig, 2-1),
CT relies on differences in density of tissues 10 generate
an image. Denser tissues (and some pathologic findings)
are brighter (hyperdense), whereas less dense tissues (and
some pathologic findings) are darker (hypodense). At the
extremes, bone is the most dense structure en o head CT
and appears the brightest, while air {eg. in the sinuses) is
the least dense and is therefore the darkest. CSF is denser
than air but not as dense as brain. Brain is denser than CSE,
Within the brain, the gray matter is denser than the white
matter, so the cortes and deep gray matter structures (basal
ganglia and thalamus) are slightly brighter than white mat-
ter. The most common CT window used by neurologists is
the brain window, which allows for these various structures
1o be identified and differentiated, but is less sensitive for
noting bony abnormalitics (e.g.. fractures), which sre best
visualized using the bone window,

Abnormal brain CT findings {c.g. beyond changes in
the shape or size of normal slruciures such as atrophy, ven-
tricular enlargement) can be classifivd as hyperdensities ar

hypodensities.
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FIGURE 2-1 Brain and bone windows on head CT. A: Mormal CT of the head, brain window. B: Mormal CT of the head, bone window.

Causes of Hyperdensity on Brain CT

(Fig. 2-2)

The most common causes of hyperdensity in the brain on CT
are hemorrhage and calcification. Contrast enhancement is
also hyperdense (see "Contrast-Enhanced Neuroimaging”
below), The distinction between hemorrhage and ealcifica-
tion as a cause of a CT hyperdensity can generally be made
in the context of the clinical history (e.g.. acute-onset focal
deficits with a corresponding hyperdense lesion suggests
hemorrhage), but if there is doubt, Hounsheld units can be
determined (60-100 for blood, 100-200 for calcification; for
reference, bone is typically greater than 1000). Calcifications
may represent normal findings (e.g., in the choroid plexus, in
the falx cerebri, in the pineal gland, and in some older individ-
uals in the basal ganglia). Pathologic hyperdensities on brain
CT can be caused by:

Acute intracranial hemorrhage (intraparenchymal, intra-
ventricular, subarachnoid, subdural, epidural; see Ch. 19)

Calcification (tumors or infectious lesions may have calci-
fied components; e.g., neurocysticercosis)

Hypercellular umor (e.g., lymphoma)

Thrombosed blood vessel {e.g., hyperdense vessel sign in
acute ischemic stroke and cord sign in venous sinus throm-
bosis [Ch. 19])

Atherosclerotic plagues within arterics

-

Contrast-enhancing lesions such as tumor, abscess, acute
demyelination, subacute stroke (see "Contrast-Enhanced
Meuroimaging”)

Causes of Hypodensity on Brain CT
(Fig. 2-3)
Pathologic hypodensities on brain CT can be caused by:

Any type of pathology that couses vasogenic edema: tumor,
inflammation, infection, trauma, ischemic stroke (although
CT may be normal in the acute phase of ischemic stroke;
see Ch. 19)

Sequelae of prior injury (trauma, infarct, demyelinating
lesian}

-

‘The differential diagnosis fora discrete region of hypoden-
sity on brain CT includes stroke, tumer, inflammatory lesion,
and infectious lesion, Since strokes respect a vascular territory,
the hypodensities that they cause generally have clear, dis-
tinct borders. In contrast, edema around a tumor, infectious
lesion, or an acute demyelinating lesion typically has less dis-
tinct boundaries. Additionally, if the hypodensity in gquestion
is near the cortical surface, an infaret will most often include
the cortex since a cortical vessel will supply both the cortex
and the underlyi ng white matter, In contrast, most neoplastic,
infectious, and demyelinating lesions invelve the subcortical
white matter and, therefore, the hypodensity caused by such
lesions will usually respect the gray-white boundary, sparing
the overlying cortex (Fig. 2-3).

INTERPRETATION OF BRAIN MRI

The main clinically important MRI sequences for evaluating the
brain are T1, T2, FLAIR, DWI1 and ADC, and SW1 (or GRE)
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FIGURE 2-2 Hyperdensities on noncontrast head CT. A: Left frontal intraparenchymal hemorhage, B: Multifocal calcifications caused by
neurocysticercosis. C Hyperdense mass in right frontal lebe imeningioma), D: Hyperdense left middie cercbral artery (IMCA) in acute ischiemic stroke,

(Fig. 2-4). These sequences differ in the way they are acquired
in order to allow for visualization of different types of pathology.

T1-weighted, T2-weighted, and FLAIR
MRI Sequences

On T1-weighted images, the gray matter appears darker than
the white matter, and the CSF is dark. T2-weighted images

appear like a “negative” of the T1-weighted images: white mat-
ter is darker than gray matter, and CSF is bright. Most types
of pathalogy in the brain show up as bright (hyperintense) on
T2-weighted images and dark (hypointense) on Tl-weighted
images (e.g., stroke, tumeor, infection, edena, demyelination),

The FLAIR (Muid-atenuated inversion recovery) sequence
is a T2-weighted sequence with suppression of the bright CSF
signal, By suppressing the bright CSF, the FLAIR sequence
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FIGURE 2-3 Hypodensities on head CT. A: Left termpero-occipital hypodensity caused by Ischemic infarct in the middie cerebral artery
territory causing hypodensity that extends to the inner table of the skull. B: Left frontal hypodensity due to toxoplasmosis. Mote that the lesion
respects the gray-white junction, sparing the everlying corex {see text for explanation).

FIGURE 2-4 MRIsequences (normal MRl of the brain). A: T1-weighted, B: T2-weighted. €: FLAIR (fluid-attenuated inversion recovery).
D: DWW (diffusion-weighted imaging) E: ADC (apparent diffusion coefficlent) F: GRE (gradient echa):
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PSR

FIGURE 2=5 FLAIR and T2-weighted MRI sequences demenstrating a pariventricular leslon. A: FLAIR sequence demonstrating hyper-
intensity adjacent to the frontal horn of the right lateral ventricle that is not well visualized on the coresponding T2 sequanca in B.

makes T2-hvperintense pathology in the brain more easily
visible. For example, hyperintensity immediately adjacent to
the ventricles may be difficult to visualize on T2-weighted

images since the CSF Is bright and may make it difficult to
istinguish periventricular hyperintensities. FLAIR images
resolve this problem by suppressing the CSF signal in the ven-
tricles to make periventricular signal abnormalities more eas-
ty visthle (Fig. 2-5). T2 hyperintensities in the brainstem may
L "’*nrr: effectively visua lized on T2- ~weighted images than on
LAIR images.

In general. T1 images are used to examine brain struc-
ture, and T2/FLAIR images are used to look for hyperintensi-
ties suggestive of pathology, When contrast s administered,
postcontrast T1-weighted images are compared o precontrast
T1-weighted images to look for abnormal regions of enhance-
ment (see “Contrast- Enhanced Neuroimaging” below),

As described above, acute blood on CT is bright (hyper-
dense). On MR, blood has different appearances on T1 and
T2 sequences depending on the age of the blood, which can
therefore help to determine the age of an intracranial hemor-
rhage (Table 2-1).

Diffusion-Weighted Imaging and
Apparent Diffusion Coefficient MRI
Sequences (Fig. 2-6)

Diffusion-weighted imaging (D'WI) and apparent diffusion
coefficient (ADC) sequences evaluate the ease with which
water can diffuse through tissue. The appearance of DWI
sequences can be distinguished from T1 and T2 images by

the fact that the brain anatomy s much less well defined on
DWI and the skull is not visible on W1, Areas where water
diffuses less easily are said 1o demonstrate diffusion restric-
tion. Regions of diffusion restriction appear bright on DWI
and dark on ADC. Focl that are bright on DWI but pot dark
on ADC do net represent true restricted diffusion (referred to
s T2 shine-through if also bright on T2/FLAIR, but may also
represent artifact).

DWI and ADC sequences are most commenly used in
the evaluation of acute ischemic stroke (Ch. 19), since acute
ischemia may be visible within minutes on DWT and ADC,
significantly earlier than any other MRI sequence (the cause
of diffusion restriction in acute ischemic stroke is cytotoxic
edemal, In addition to stroke, diffusion restriction can be seen
in Creutzfeldt-Jakob disease (in the cortical ribbon and basal
ganglia [Ch. 32]}, hypercellular lesions (e.g., abscess [Ch. 20],
primary central nervous system lymphoma [Ch. 24]), and in
the setting of seizures (Ch. 18).

TABLE 2-1 signal Characteristics of Blood on MRI
TlandT2 Sequen:ﬁ:.

Acute blaod Isgintense Hypointense
Early subacute blood Hyperintense Hypolntense
Late subacute blood Hyperintense Hyperintense
Chronle blood Hypolntense Hypaintense
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FIGURE 2-6 DWIand ADC MRI sequences, A: DWI sequence demenstrating bright region that corresponds to dark region on ADC

(B} due 1o ischermic stroke in the left middle cerebral artery (MCA) territory.

Susceptibility-Weighted Imaging and
Gradient Echo MRI Sequences (Fig. 2-7)
Susceptibility-weighted imaging (SWI) and gradient echo
[GRE) sequences are mostly used to evaluate for blood, which
is dark on these sequences, Calciheation is also dark on SWT/
GRE sequences. These sequences are particularly sensitive

FIGURE 2-7 GRE MRI sequence. Multiple microhemaorhages
are demonstrated, predominantly in the occipital labes, in this
patient with cerebral amyloid angiopathy.

for detecting microhemorrhages (e.g., in the evaluation for
cerebral amyloid angiopathy [Ch. 19]) and may also reveal
a thrombosed blood vessel in the setting of acute ischemic
stroke or cortical vein or venous sinus thrombosis (Ch., 19).

MR Spectroscopy (Fig. 2-8)

MR spectroscopy (MRS) quantitatively evaluates brain
metabolites. The most common clinically relevant metabo-
lites examined are N-acetyl agpartate (MAA) and choline.
NAA can be thought of as a measure of neuronal health
(higher MAA = healthier neurons; lower NAA = diseased
neurons), and choline as a marker of membrane turnover.
Decrease in the NAA peak is nonspecific, but the combination
of decreased NAA peak and increased choline peak is sugges-
tive of glial neoplasm (although this pattern can also be seen
in acute demyelination). Normally, the MAA peak towees over
the choline peak, and the angle of a line drawn between them
(Hunter’s angle) is about 45 degrees. With glial neoplasms,
the choline peak becomes equal to or rises above the NAA
peak. Other MRS findings that may be useful in neurclogic
diagnosis are increased lactate (which can occur with tumor,
ischemic stroke, mitochondrial discaze) and increased MAA
(which can oceur in Canavan's disease [see Ch. 31]).

CONTRAST-ENHANCED
NEUROIMAGING (F1G.2-9)

n RRHESHIPRVE e Y-
etecting Ml shd dan
with which Ii:u.:! etiology of such

Contrast administration
ity of neuroimaging in
also improve the specificit
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FIGURE 2-8 MR spectroscopy. A: MR spectroscopy in a normal region of the brain showing MAR peak tewering aver choline peak

slithes can be determined. CT uses jodinated contrast.
and SIRT wses gadolinium comtrast, Blood vessels normally
enbunce with contrast administration, but if the meninges

ur brain parenchyma enhance, this suggests breakdown of

ihe Blood -brain barricr, allowing contrast to leak into these
tissucs. Contrast enhancement can occur in the setting ol
tumnor, infection, inflimmation, and in the subacute period
after infarction. Contrast-enhanced images should always
be compared 1o analogous images without contrast: CT with
cantrast should be compared o noncontrast CT: T1-weighted
postcontrast MRI seguences  should be compared with
Ti-weighted precontrast sequences. This is important so that
a region that is hyperintense on T1 {or hyperdense on C7T)
switliont contrast is not mistakenly presumed to enhance with
contrast if the region's intrinsic hyperintensity/hyperdensity
is not noted on the precontrast image.

Many tumors and infectious lesions show a complete rim
of enhancement, whereas demyvelinating lesions may show
open-rim or C-:-hilpcd regions of enhancement (see Ch, 21,

Contrast enhancement in the meninges can be char-
acterized as leptomeningeal (affecting the pia and arach-
noid) or pachymeningeal {affecting the durap (Fig, 2-10),

'ed Cho, B MA spectioscopy in glial neoplasm, showing elevated choline peak (lxebed Cha) and reduced NAA peak in a glisl neoplasm,

Leptomeningeal enhancement follows the contour of the
surlace of the brain, extending into the cerebral sulei and cer-
chellar folia. Pachymeningeal enhancement appears as a rim
arounidl the outer surface of the brain withent invaginating into
the sulci; it may also invelve other dural structures such as the
falx and the tentorium (see Ch. 3). In general, leptomeningeal
enhancement is most commonly due to infectious meningitis
or malignant disease {leptomeningeal metastases), and pachy-
meningeal enhancement s most commonly due to inflam-
miatory disease, lumor, or intracranial hypotension. However,
some infections may cause pachymeningeal enhancement (e.g.,
tuberculosis, fungal infections, syphilis), and some inflamma-
tory conditions may cavse leptomeningeal enhancement fe.g,,
sarcoidosis). Pachymeningeal enhancement can also be caused
by imtracranial hypolension, in which case the enhancement is
tvpically smooth and uniform (see Ch. 25).

Potemtial complications of contrast agents include aller-
gic reactions, contrast-induced nephropathy (with iodinated
contrast used with CT), and nephrogenic systemic fibrosis
{with gadolinium contrast wsed with MRIY, The latter two
complications occur in patiems with underlying renal disease,
a0 the risks and benefits of contrast in such patients must be
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FIGURE 2-9 cContrast-enhanced neuraimaging. A-B: Noncontrast (A) and postcentrast (B) CT showing homogenous enhancement of
aright frontal meningioma. €-D: T1 précontrast [Chand T1 postcontrast (D) sequences showing left frontal fing enhancing lesion caused by a

cerebral abscess.

carelully weighed, and contrast is generally contraindicated in
patients with renal failure,

VASCULAR IMAGING (FIG.2-11)

CT angiography (CTA) and MR angiography (MRA)
allow for visualization of the vasculature, In the neck, brain,
and spine, these studies can be used 1o look for aneurysms

and other vascular malformations, arterial stenosis, occlu-
sion, or dissection, and vascular irregularities that may
suggest vasculopathy (see Ch. 19). MBA can be performed
with contrast or without (time of flight imaging). Since time
of Hight MREA is dependent on flow velocity, the degree of
vascular stenosis may be overestimated with this technique,
CTA (which can only be performed using contrast) allows
for more accurate measurement of the degree of arterial ste-
nosis than MRA,
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CT venography (CTV) and MR venography (MRV)
allow for the visualization of the veins and venous sinuses, and
are used primarily in the evaluation for venous sinus thram-
bosis (Ch, 19).

For patients who cannot undr:rgo CTA (e.g, contrast
allergy, renal failure) or MRA (e.g.. pacemaker), the carotid
arteries can be visualized by Doppler ultrasound to assess for
carotid artery stenosis (see Ch. 19).

Transcranial Doppler (TCD) ultrasound is used to eval-
uate the proximal intracranial arteries. [t is most commanly
used as a screening tool for arterial vasospasm after aneurys-
mal subarachnoid hemaorrhage (see Ch. 19). It can also detect
high-intensity transient signals (HITS) that represent embol
passing through the intracranial arteries.

The gold standard for vascular imaging is catheter-based
digital subtraction angiography. This technigue is used most
commonly for the evaluation of aneurysms and other vascular
malformations, and in the setting of catheter-based interven-
tions for acute stroke and vascular lesions (Ch. 19).

CT perfusion and MR perfusion are used to study
cerebral blood volume (CBV), cerebral blood flow (CBF),
and mean transit time (MTT). CBV is the amount of blood
in a region of the brain, CBE is the volume of blood moving
through a region per unit time, and MTT is the average time
for blood to traverse a given region. Perfusion imaging can
be used to define the boundaries of tissue that is ischemic
but not yet infarcted (ischemic penumbra), which will have
decreased CBF and elevated MTT. Sometimes the CBV can
actually be normal or increased in such at-risk regions (luxury
perfusion).

NUCLEAR MEDICINE STUDIES:
POSITRON EMISSION TOMOGRAPHY
AND SINGLE PHOTON EMISSION
COMPUTED TOMOGRAPHY

Positron emission tomography (PET) and single photon
emission computed tomography (SPECT) use injections of
radioactive substances to evaluate brain metabolism (PET)
and brain blood flow (SPECT). Particular patterns of reduced
metabolism/blood flow are associated with particular neuro-
degenerative diseases (e.g.. temporoparietal hypometabalism/
decreased perfusion in Alzheimer's disease; temporo-parieto-
occipital hypometabolism/decreased perfusion in demen-
tia with Lewy bodies: frontotemporal hypometabolism/
decreased perfusion in frontotemporal lobar degeneration,
gee Ch, 22), PET and SPECT are also used to aid in localiza-
tion of an epileptic focus in patients undergoing evaluation
for epilepsy surgery. letal SPECT is used to assess for a focal
region of increased blood flow during seizures, and interictal
PET evaluates for a focal region ul‘h}'].muwlub-olism between
seizures (Che 18).

NEUROIMAGING OF THE SPINE
(FIG.2-12)

X-ray, CT, and MRI can all be used to evaluate the spine, MRI
is the most sensitive technique for evaluating the spinal cord
and nerve roots, but x-ray and CT provide excellent visualiza-
tion of bony structures. Like brain imaging, interpretation of
spine imaging requires identifying normal steuctures and any
abnormalities within them. Vertebrae should be assessed for
alignment and fracture, and intervertebral dise spaces should
be evaluated for appropriate height or displicement of the
intervertebral discs. The spinal cord should be completely
surrounded by CSF (bright on T2-weighted images). Loss
of this CSF space suggests either compression from outside
of the spinal cord (e.g., spondylosis, dise prolapse, epidural
hematoma or abscess) or expansion of the cord itself (e.g., due
to intramedullary temor or infection). As with brain MRI,
T2-weighted sequences are ideal for evaluating for pathologic
hyperintensity in the cord, which could represent tumor,
demyelination, infarction, or infection. Contrast administra-
tian can aid in ideéntification of abnormalities. The nerve roots
should be evaluated for compression (e.g., due to spandylosis
or disc prolapse) and enhancement. Nerve root enhancement
can occur in inflammatory conditions (e.g., Guillain-Barré
syndrome, chronic inflammatory demyelinating polyradicu-
loneuropathy, and sarcoidosis) and due to leptomeningeal
metastases.

On a midsagittal view of the cervical spine, C2 can be
identified as the triangular shape at the top of the verte-
bral column anterior to the spinal cord, and subsequent
cervical vertebrae can be numbered downward trom there
(Fig. 2-12A). On a midsagittal view of the lumbar spine, 51
can be identified as the first trapezoid-shaped vertebra, and
the lumbar vertebrae can be numbered upward from there
(Fig. 2-12C).

CEREBROSPINAL FLUID ANALYSIS
(TABLE 2-2)

Lumbar puncture allows for the evaluation of the following
parameters in the cerebrogpinal fluid (CSE):

« C5F pressure

« CSF chemistry: glucose and protein

« C5F cell counts and tvpes: red and white blooad cells,
eytology, flow eytometry

» C5F microbiology: cultures, polymerase chain reaction
(PCR). and antibodies

= Special studies:
= Oligoclonal bands (see Ch. 21)
« Paraneoplastic antibody panels (see Ch. 24)

+ Biomarkers for neurodegenerative diseases (e.g., Ap-42,
taw, 14-3-3) (see Ch. 22)
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FIGURE 2-10 Meningeal enhancement. A: Pachymeningeal enhancement caused by inflammatory meningitis in & patient with
rheumatod arthrtis [Aote that the enhancement suraunds the biain but does not énter the sulcil. B: Leptomeningeal enhancement in a patient
with bacterial meningitis (note that the enhancement enters the sulci)

FIGURE 2-11 Vascular imaging. A: CT angiogram (showing left middle cerebral artery cutelf). B: MR angiogram (normal).
C: MR venogram {narmal).



CHAFTER 2 Introduction to Neuroimaging and Cerebrospinal Fluid Analysis ai

CT wvenography (CTV) and MR venography (MRV)
allow for the visualization of the veins and venous sinuses, and
are used primarily in the evaluation for venous sinus throm-
bosis (Ch, 19).

For patients who cannot undergo CTA {eg., contrast
allergy, renal failure)} or MRA (e.g., pacemaker), the carotid
arteries can be visualized by Doppler ultrasound to assess for
carotid artery sténosis (see Ch. 19).

Transcranial Doppler (TCD) ultrasound is used to eval-
wate the proximal intracranial arteries. It is most commeoenly
wsed as a screening tool for arterial vasospasm after aneurys-
mal subarachnoid hemaorrhage (see Ch. 19). It can also detect
high-intensity transient signals (HITS) that represent emboli
passing through the intracranial arteries.

The gold standard for vascular imaging is catheter-based
digital subtraction angiography. This technique is used most
commaonly for the evaluation of anewrysms and other vascular
malformations, and in the setting of catheter-based interven-
tions for acute strobe and vascular lesions (Ch. 19),

CT perfusion and MR perfusion are used to study
cerebral blood volume (CBV), cerebral blood flow (CBF),
and mean transit time (MTT) CBV is the amount of blood
in a region of the brain, CBF is the volume of blood moving
through a region per unit time, and MTT is the average time
for blood to traverse a given region. Perfusion imaging can
be used to define the boundaries of tissue that is ischemic
but not yet infarcted (ischemic penumhbra), which will have
decreased CBF and elevated MTT. Sometimes the CBY can
actually be normal or increased in such at-risk regions (luxury
perfusion).

NUCLEAR MEDICINE STUDIES:
POSITRON EMISSION TOMOGRAPHY
AND SINGLE PHOTON EMISSION
COMPUTED TOMOGRAPHY

Positron emission tomography (PET) and single photon
emission computed tomography (SPECT) use injections of
radioactive substances to evaluate brain metabolism (PET)
and brain blood flow (SPECT). Particular patterns of reduced
metabolism/blood flow are associated with particular neuro-
degenerative diseases (e.g., temporoparietal hypometabolism/
decreased perfusion in Alzheimer's disease; temporo-parieto-
occipital hypometabolism/decreased perfusion in demen-
tia with Lewy bodies; frontotemporal hypometabolism/
decreased perfusion in frontotemporal lobar degeneration,
see Ch. 22). PET and SPECT are also used to aid in localiza-
tion of an epileptic focus in patients undergoing evaluation
for epilepsy surgery. letal SPECT s used to assess for a focal
region of increased blood fow during seizures, and interictal
PET evaluates for a focal region of hypometabolism between
seizures (Ch. 18).

NEUROIMAGING OF THE SPINE

X-ray, CT, and MRI can all be used to evaluate the spine. MRI
is the most sensitive technigue for evaluating the spinal cord
and perve roats, but g-ray and CT provide excellent visualiza-
tion of bony structures. Like brain imaging, interpretation of
spine imaging requires identifying normal structures and any
abnormalities within them. Vertebrace should be assessed for
alignment and fracture, and intervertebral disc spaces should
be evaluated for appropriate height or displacement of the
intervertebral discs. The spinal cord should be completely
surrounded by C5F (bright on T2-weighted images). Loss
of this C5F space suggests either compression from outside
of the spinal cord (e.g., spondylosis, disc prolapse, epidural
hematoma or abscess) or expansion of the cord itself (e.g., due
to intramedullary tumor or infection). As with brain MRI,
T2-weighted sequences are ideal for evaluating for pathologic
hyperintensity in the cord, which could represent tumor,
demyelination, infarction, or infection. Contrast administra-
tion can aid in identification of abnormalities. The nerve roots
should be evaluated for compression (e.g., due to spondylosis
ar disc prolapse) and enhancement, Nerve root enhancement
can occur in inflammatory conditions (eg., Guillain-Barré
syndrome, chronic inflammatery demyelinating polyradicu-
loneuropathy, and sarcoidosis) and due to leptomeningeal
metastases.

On a midsagittal view of the cervical spine, C2 can be
identified as the triangular shape at the top of the verte-
bral column anterior to the spinal cord, and subsequent
cervical vertebrae can be numbered downward from there
(Fig. 2-12A). On a midsagittal view of the lumbar spine, 51
can be identified as the first trapezoid-shaped vertebra, and
the lumbar vertebrae can be numbered upward from there
(Fig. 2-12C).

CEREBROSPINAL FLUID ANALYSIS
(TABLE 2-2)

Lumbar puncture allows for the evaluation of the t'utl.owin,g
parameters in the cerebrospinal fluid (CSF):

« C5F pressure

« CS5F chemistry: glucose and protein

« C5F cell counts and types: red and white blood cells,
cytology, flow cytometry

« CSF microbiology: cultures, pelymerase chain reaction
(PCR), and antibodies

« Special studies:
« Oligoclonal bands (see Ch. 21)
» Paraneoplastic antibody panels (see Ch. 24)

= Biomarkers for neurodegenerative diseases (e.g., AP-42,
tant, 14-3-3) (see Ch, 22)
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FIGURE 2-12 mMRiof the spine. T2-weighted images of the cervical (A, D), theracic (B, EJ, and lumbosacral (€, Fj spine. A: Midsagitial view
af the cervical spine, with C2, C3, and C4 vertebrae labeled. B: Midsagittal view of the thoracic spine, C: Midsagital view of the lumbosacral
spine with L4, LS, and 51 vertebrae labeled (note disc bulge at L4-L5), D: Axlal view of the cenvcal spine. E: Axial view of the thoracic spine.

F: Axdal view of the lumbosacral spine {roots of the cauda equina are visible in the spinal canal}.

CSF Pressure

CSF pressure is ascertained by attaching a manometer to the
spinal needle. Measurement of CSF pressure should be made
with the patient in the lateral decubitus position with the legs
extended. Normal pressure is below 20 cm H,O (200 mm
H O}, CSF pressure can be elevated due to any process raising
intracranial pressure (intracranial hypertension), and can be
decreased in any condition decreasing intracranial pressure
(intracranial hypotension) (see Ch. 25).

CSF Chemistry: Glucose and Protein

C5F Glucose

C5F glucose should be approximately 60% of serum glu-
cose. CSF glucose can be decreased in bacterial, fungal, and
tubercular CNS infections (but not viral infections; see Table
20-2), as well as with leptomeningeal metastases (see Ch.
24). Hypoglycorrhachia is the technical term for decreased
CS5F glucose. Although the reason for decreased CSF glucose

in CNS infections is sometimes taught as the “infectious
pathegens consuming the glucose,” decreased CSF glucose in
infection may be due to a combination of factors including
impaired transport into the CSF in infectious states involving
the meninges, CNS hypermetabolism in infectious states, and
consumption of glucose by white blood cells.

A rare cause of decreased CSF glucese is GLUT1 deficiency,
a rare genetic cause of infantile epilepsy due 10 a defect in a
transparter of glucose (GLUT1) across the blood-brain barrier,

Increased CSF glucose can be seen when there is serum

hyperglycemia.

CSF Protein

C5F protein should normally be less than 50 mg/dl. CSF pro-
tein can be elevated in any inflammatory or infectious state.
CSF protein may also be elevated when there is obstructed
circulation of CSF due to spinal lesions (spinal block); when
extreme, this may cause the C5F o coagulate in the test tube
{Froin's syndrome).
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TABLE 2-2 Causes of Cerebrospinal
Fluid Abnormalities.

T e e

Pressure Intracrandal hypertension
hypotension
Glucase Hyperglyleermia Bacuerial, fungal,
tuberculaws CHS
Infection
Leptomeningeal
carcinomatasis
GLUT Deficiency
Pratéin Inflammation [Normal <50 mga/dL)
Infection
Spinal block
Leptomeningeal
cancinamatodis
WBC Inflammation {Monmal is 0-Sdmm")
Infegrian
CNS hematolegic
maligrancy
RBC Subarachnoid hemonhage {Mermal is B=5/mm")

Traumatic lumbar puncture
Hemorrhagic encephalitis

C5F Cell Counts and Cell Types

White Bloed Cells in the CSF

The normal range of white blood cells (WBCs) in the C5F is
0-5 WBCs/mm”. Increases in CSF WBC count can occur due
to TS infection, inflammation, and CNS hematologic malig-
nancy {e.g., CHNS lymphoma),

Polymorphonuclear cells (neutrophils) predominate in
bacterial meningitis but may also be seen early in viral
meningitisfencephalitis, whereas lymphocytes are commonly
seen in viral, fungal, and tubercular CNS infections, CNS
inflammation, and lymphoma. Flow eytometry can be used
to characterize WEC populations in the CSF to evaluate for
hematologic malignancy. Cytology can examine cells to look
for malignant cells as can be seen in CNS lymphoma and lep-
tomeningeal metastases from systemic cancer (see Ch. 24).

Red Blood Cells in the CSF

The normal range of RBCs in the CSF is 0-5 RBCs/mm”. Ele-
vated RBC can be seen in subarachnoid hemorrhage (see Ch.
19) or if a lumbar puncture is traumatic, causing bleeding into
the CSF (see “Traumatic Lumbar Puncture” below). If blood is
present from subarachnoid hemorrhage, it will have been pres-
ent in the CSF for some time and RBCs will have begun to break
dewn, In contrast, a travmatic lumbar puncture will yield fresh
RBCs that have not yet had the time to break down. Xantho-
chromia, a yellow tinge 1o the CSF (more sensitively detected
by spectrophotometry) is an indication of braken-down red

blood cells in the CSF, suggesting that they were there prior to
the lumbar puncture (i.e., suggestive of subarachnoid hemor-
rhage rather than traumatic lumbar puncture).

CSF Microbiology: Cultures, PCR,
and Antibodies

Examination af CSF for a pathogen causing CNS infection
can include Gram stain, culture, PCR. and evaluation for CSF
production of [gM or IgG against a particular pathogen (see
Ch. 20).

Patterns of CSF Abnormalities

Several patterns of CSF abnormalities are important 1o
reCOgnize,

Elevated Protein With No or Few Cells
(Albuminocytologic Dissociation)

Albuminocytologic dissociation is suggestive of an inflam-
matory process. While this pattern is generally learned by
most medical students as the ¢lassic finding in Guillain-Barré
syndrome, it is a nonspecific indicator of inflammation and
can be seen in chronic inflammatory demyelinating palyra-
diculoneuropathy (C1DP; Ch. 27), CNS paraneoplastic condi-
tions (Ch. 24), acute disseminated encephalomyelitis (Ch. 21),
transverse myelitis (Ch. 21}, and primary CNS vasculitis
(Ch. 19). (Why should the CSF demonstrate an inflamma-
tory pattern in peripheral nervous system disorders such as
Guillain-Barré syndrome and CIDP? These disorders involve
the nerve roots which pass through the C5F space.)

Elevated WBCs and Protein With Mormal Glucose
This is suggestive of a viral process.

Elevated WEBCs and Protein With Low Glucose
This pattern generally indicates a nonviral CNS infection
{bacterial, fungal, or tubereular). The most extreme values for
low glucose, elevated WBCs, and elevated protein are seen
with CNS bacterial infections.

In CMNS bacterial infections, the WBCs are predominantly
neutrophils, whereas they are predominantly lymphocytes in
other types of CNS infections (see Table 20=2 in Ch. 20).

Traumatic Lumbar Puncture

Elevations of protein and WEBCs can occur in a traumatic lum-
bar puncture since there is contamination of the CSF with
peripheral blood. Protein elevation and WBC elevation are
both approximately 1 per 1000 RBCs (1 mg/dL of protein per
1000 RBCs/mm”, and | WBC/mm® per 700-1000 RBCs/mm},

Additional Tests of CSF

Oligoclonal bands are a nonspecitic marker of CNS inflam-
mation, denoting intrathecal synthesis of 1gG. Although they
are most commonly assessed in the evaluation for multiple
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sclerosis (see Ch, 21), they can be seen in any CNS infectious
or inflammatory condition.

CSF evaluation for antibodies causing CNS paraneoplas-
tic syndromes (e.g., paraneoplastic limbic encephalitis, para-
neoplastic cerebellar degeneration: see Ch. 24) is often more
sensitive than serum evaluation.

14-3-3 protein is a nonspecific marker of neuronal degen-
eration. Although it can be present in Creuzfeldt-Jakob dis-
ease, the test is neither sensitive nor specific for the condition
(see Ch, 22).

The ratio of amyloid-beta 42 (AB-42) 1o 1au 15 a biomarker
for Alzheimer's disease, diseussed further in Chapter 22,
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The nervous system serves three main functions: percep-
tion, cognition, and action. Perception is the translation
of the outer world into electrochemical signals that can be
interpreted by the brain. For example, light information is
converted by the retina and then sent to the brain by the optic
nerves (cranial nerve 2); sound is transformed by the inner ear
apparatus and transmitted to the brain via the auditory nerves
{cranial nerve 8). Action is the brain's way of allowing
the organism to interact with the environment by mov-
ing the body (and in the case of humans and some other
animals, by using movements of the vocal apparatus to
communicate). Cognition includes all of the operations
that interpret perceptual input to understand the external
environment, and plan the interaction with the environment
through action,

In neurcanatomic terms, perception is carried out by
the input to the nervous system (afferent pathways), action
is the output {efferent pathways), and cognition arises from
interconnections within and between perceptual modali-
ties, as well as between perception and action. Perception
begins with the sense organs (skin, eyes, ears, nose, mouth)
and travels in peripheral nerves (including cranial nerves
for the structures of the head), ultimately transmitting
information to the sensory cortices of the cerebral hemi-
spheres (e.g., somatosensory cortex, visual cortex, auditory
cortex). Motor output is controlled by the motor cortex,
whose signals travel by way of the motor pathways to ulti-
mately reach the peripheral nerves that will command
muscles to move (see Ch. 4). The motor cortex collaborates
with adjacent structures (premotor and supplementary
motor cortices) and participates in circuits involving the
basal ganglia (se¢ Ch. 7) and cerebellum (see Ch. 8), all of
which wark to coordinate and execute movements.

THE MENINGES: COVERIMGS OF THE BRAIN AND
SPINAL CORD

THE CEREBRAL VENOUS SINUSES

THE VENTRICULAR SYSTEM AND CEREBROSPINAL
FLUID FLOW

CENTRAL NERVOUS SYSTEM (CNS) AND
PERIPHERAL NERVOUS SYSTEM (PNS)
{FI'G- 3-1 }

The central nervous system (CNS) consists of the brain, brain-
stem, cerebellum, and spinal cord. The peripheral nervous
system (PNS) includes the dorsal and ventral roots that enter
(dorsal roots) and exit (ventral roots) the spinal cord and
continue into the peripheral nerves, Before devoting the rest
of this chapter to the internal and external structures of the
brain, a brief orientation to the brainstem, spinal cord, and
cerebellum is provided here. The brainstem is divided into
three levels from superior to inferior: midbrain, pons, and
medulla (see Ch. 9). The medulla transitions seamlessly into
the spinal cord, which itself is divided into four levels:
cervical, thoracic, lumbar, and sacral (see Ch. 5). The
cerebellum lies posterior to the brainstem and inferior to
the posterior aspects of the cerebral hemispheres, and is
connected to the brainstem by way of the three cerebellar
peduncles (see Ch. 8).

HEMISPHERES AND LOBES OF THE
BRAIN (FIG. 3-2)

The brain is divided into two hemispheres (left and right),
each of which is divided into four lobes (frontal, temporal,
parietal, and occipital). In order to maximize surface to vol-
ume ratio of the brain in the skull, the cortical surface folds
during development. The folds are called gyri, and the spaces
between them are called sulei. Large divisions between the
hemispheres or lobes are referred to as fissures,

25
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FIGURE 3-1 The neuraxis. A: Schematic of posterior view of the neurasis, B: Schematic of lateral view of the central nervous system.

€: Schematic of lateral view

of the brain and brainstem. The central nervous system Includes the brain, brainstem, cereballum, and spinal cord,

The peripheral nerous syitem includes the nenve roots and nerves (shown in yellow in [A]). The brainstem is composed of the midbrain, pans,
and maedulla (€. Reproauced with permission from Martin & Newroanatonay Text and Arlas, dth ed. MNew York: McGraw-Hill Education: 2012,

The Ieft and right hemispheres are separated by the longi-
tudinal (interhemispheric) fissure. The frontal lobe is in the
fromt, the occipital lobe is at the back (at the occiput), and the
parietal lobe is between the occipital and frontal lobes. The
termyporal lobe is inferior 1o these three lobes. The frontal lobe
is separated from the parietal lobe by the central sulcus. The
frontal lobe is separated from the temporal lobe by the Sylvian
fissure. The parietal lobe and occipital lobe have no clear bound-
ary on the lateral surface of the brain, but are separated by the
paricto-occipital sulcus on the medial surface of the brain.

GRAY MATTER AND WHITE MATTER OF
THE BRAIN AND SPINAL CORD (FIG. 3-3)

The nervous system is composed of neurons and su pporting cells
{glia). The cell bodices of neurons comprise the gray matter, and
their myelinated axons form the white matter. In the brain, cell

bodies are found in the cortex on the outer surface of the brain,
and the axons from those cell bodies travel in the subcortical
white matter. There are also “islands” of subcortical gray matter
structures within the subcortical white matter such as the basal
ganglia amd thalamus, which form nodes in a variety of networks,
most of which begin andfor end in the cortex (see Ch. 7).

I contrast to the brain, in the spinal cord, the gray matter
is o Lhe inside, and the white matter is on the outside.

THE MENINGES: COVERINGS OF THE
BRAIN AND SPINAL CORD (FIG.3-4)

‘The brain and spinal cord are covered by several protective
layers called the meninges. The meninges have three layers.
From external 1o internal these are the dura mater, arachnoid,
and pia mater. The dura mater (literally “tough mother™) is
a tough outer “skin® that covers the entire brain, with folds
that extend between the hemispheres (falx cerebri) and
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FIGURE 3-2 The cerebral hemispheres. A: Schematic of left lateral view. B: Schematic of midsagittal view, Reproduced with permission

from Waxman 5: Clinical Neuroanatamy, 27th ed. New Yark: McGraw-Hill Education; 2013
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FIGURE 3-2 Gray matter and white matter of the cerebral hemispheres and spinal cord. A: Schematic of axial section of the cerebral
hemipheres B: Schematic of axial section of the spinal cord: Reproduced with permission from Waxman S: Clinical Newroanaromy, 27th ed,

New York: MoGraw-HIll Education; 2013,

between the cerebral hemispheres and cercbellum (tentorium
cerebelli). The dura surrounds the brain but does not invagi-
mate into the sulci. The outer surface of the dura mater is
tightly affixed to the skull.

The arachnoid is a thin membrane beneath the dura
mater. Like the dura mater, the arachnoid also does not invag-
inate into the sulcl. The dura mater can be thought of as being
similar to the thick peel of an orange, and the arachnoid can
be thought of as similar to the thin skin below the peel of an
orange that can also be peeled off.

‘The pia mater is the only one of the three meningeal lay-
ers that invaginates into the sulci and therefore contacts the
entire surface area of the brain.

The pia and arachnoid are collectively referred to as the
leptomeninges, and the dura mater is referred 1oas the pachy-
meninges (pachy means thick, as used in the term pachyderm
meaning clephant ). In general, infectious meningitis predom-
inantly affects the leptomeninges and inflammatory meningi-
tis predominantly affects the pachymeninges, although there
are exceplions (e.g., neurosarcoidosis cam affect the leptomen-
inges, and tuberculosis and fungal infections can affect the
pachyimeminges). Metastalic cancer can affeet the I“i-“l“""-f“‘
inges or the pachynteninges.

The space between the bone and dura is the epidural
space, the space between the dura and arachnoid is the sub-
dural space, and the space between the arachnoid and pia is
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FIGURE 2-48 The meninges. A: Schematic of caronal section of
the cerebral hemispheres showing surrounding dura mater, B: Sche-
matic of detailed view of meninges. C: Schematic of relationship of
dural falds and cerabral venous sinuses. Reproduced with permission
from Waxman S Clinical Neurcaratowry, 27th ed, New York: MoGraw-
Hill Education; 2013,

the subarachnoid space, Pathologic processes can lead to blood
or infection in any of these spaces: epidural hematoma, subdu-
ral hematoma, and subarachnoid hemorchage (see Ch, 19);
epidural abscess, subdural empyena, and meningitis (infec-
tious meningitis predominantly involves the leplomeninges
and subarachnoid space] (sce Ch. 20).

THE CEREBRAL VENOUS SINUSES
(FIG. 3-5)

Although arterial blood supply to the CNS will be discussed in
more detail in relation to specific brain and brainstem regions
(Ch. 7}, the venous drainage of the brain is discussed here
since it is anatomically refated to the meninges. The venous
drainage from the brain ultimately ends up in the mltrn:l
jugular veins that travel to the superior vena cava by way of
the subclavian veins. To arrive in the jugular veins, the blood
travels in venous sinuses formed by folds of dura.

The superior sagittal sinus travels along the superior
surface of the brain at the midline and descends posteriorly
to emply into the bilateral transverse sinuses, The trans-
verse sinuses travel laterally through folds in the tentorium
cerebelli and pass into the sigmoid sinuses, which empty
inta the jugular veins. The deep structures of the brain are
drained by the internal cerebral veins and the basal veins of
Rosenthal. These empty into the great vein of Galen, which
empties into the straight sinus. The straight sinus jains the
transverse sinuses and superior sagittal sinus at the conflu-
ence of sinuses (also called the torcula),

The lateral hemispheres are drained by superficial cortical
veins, The largest of these are the veins of Trolard and Labbé.
Mnemonic: Trolard is on top and Labbé is lower and more
lateral,

When venous drainage is impaired (e.g., due to venous
sinus thrombosiz), intracranial pressure rises, which can cause
headache, visual disturbances, and ultimately coma. I pres-
sure in the venous system rises to a sufficient level, intrace-
rebral or subarachnoid hemorrhage can occur, causing focal
deficits (see “Cerebral Venous Sinus Thrombosis and Cortical
Vein Thrombosis™ in Ch. 19).

THEVENTRICULARSYSTEM AND
CEREBROSPINAL FLUID FLOW
(FIG. 3-6 AND FIG. 3-7)

The brain and spinal cord are bathed in cerebrospinal fuid
LCSE) in order to provide buoyancy so as to create a shock
absorber in the cose of trauma, The CSF is produced in the
choroid plexus, which lines the ventricles. The two lateral
ventricles drain into the third ventricle via the foramina of
Monro (one for each lateral ventricle). The CSF then flows
from the third ventricle to the fourth ventricle (between
the brainstem and cerebellum) by way of the cercbral ague-
duct in the midbrain. The fourth ventricle is continuous
with the central canal of the spinal cord. From the fourth
ventricle, CSE can exit the ventricular system into the sub-
arachnoid space via the foramen of Magendie {(midline) and
the foramina of Luschka (lateral) to bathe the outer surface
of the brain and spinal cord. CSF is then reabsorbed via the
arachnoid granulations into the venous sinuses, It is pro-
duced at a rate of approximately half a liter per day (approx-
imately 20 milliliters per hour),
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FIGURE 3-5 cerebral venous sinuses. A: Schematic lateral view of cerebral vénous sinuses, Reproduced with permission from List
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and posterior coronal view [(ClL

Disruption of C5F flow due to obstruction anywhere
along this pathway can lead to hydrocephalus. Hydro-
cephalus can be classified as communicating or noncom-
municating. The "communication” in question refiers 1o the
ability of the ventricles to communicate with one another.
Noncommunicating hydrocephalus signifies a blockage in
the ventricular system itseli’ (e.g., by a tumor, mass effect
from a large stroke with edema, intraventricular hemor-
rhage) such that the ventricles proximal to the abstruction

dilate. EnmmunicntinH hydracephalus occurs when there
is failure of CSF reabsorption in the arachnoid granulations
such that the ventricles can still communicate with one
another but hydrocephalus develops since CSF cannot be
absorbed. In com municating hydrocephalus, all of the ven-
tricles will dilate.

The distinction between communicating and noncom-
municating hydrocephalus is important because in chronic
communicating hydracephalus, lumbar punciure can relieve
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=6 The ventricular system and cerebrospinal fluid flow. Az Schematic of the ventricular system in relation to the brain
Reproduced with permission from Martin J: Neuroonatomy Text and Atlas, 4th ed. New York: McGraw-Hill Education; 2012, B=D: CT images with
ventricles labebed (B. Axial image, C. Coronal image, D. Sagittal image)

pressure from the ventricular system (e.g., in cryptococcal the elevated intracrantal pressure proximal to the obstruction
meningitis [Ch. 20] and normal pressure hydrocephalus ¢
|Ch. 22]), whereas in noncommunicating hydrocephalus,

can lead to herniation if fluid is removed from below by
lumbar puncture (see Ch, ..,r}



FIGURE 3-7 Schematicof CSF flow. Reproduced with permission from Aminglf M, Greenberg D, Siman ft: Ciiical Neurology, thed.
Hew Yorik: MoGraw-Hill Er.‘l.mlm.m'li
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The cerebral hemispheres are where the motor pathways
originate, and where the somatosensory pathways terminate,
The left cerebral hemisphere controls the motor functions of
the right side of the body, and the right cerebral hemisphere
controls the motor functions of the left side of the body. This
crossed system is maintained in other modalities including
the somatosensory and visual pathways: If the left hemisphere
cantrols the right side of the bady, it makes sense that it would
need somatosensory information about the right side of the
body and visual information about the right side of the world.

There are three main clinically relevant tracts for motor
and somatosensory function for the body—one motor and
two sensory—that span the brain, brainstem, and spinal cord:

« Motor: The corticospinal tracts send motor information
from the cortex to the spinal cord as the name suggests.
Sensory: The anterolateral (or spinothalamic) tracts and
dorsal {or posterior) column pathways bring sensory
input from the spinal cord to the brain by way of the brain-
stem. The names of these pathways refer to their anatomic
positions within the spinal cord.

-

In this chapter, the anatomy of these pathways will be
described, providing a foundation for localizing symptoms of
weakness or sensory changes, and alse laying out anatomic
landmarks in the brain, brainstem, and spinal cord that will

LOCALIZATION OF MOTOR AND SENSORY DEFICITS

Involvement of the Motor and Sensory Pathways in
the Brain

Invalvement of the Motor and/or Sensory Pathways
in the Brainstem

Invalvement of the Motor andlfor Sensory Pathways in
the Spinal Cord

Invelvement of the Motor andfor Sensory Pathways
in the Peripheral Mervous System

serve as points of orientation as additional pathways are
described in subsequent chapters.

THE CORTICOSPINAL TRACTS (FIG. 4-1)

The corticospinal tracts are the final output of the motor sys-
tem, conveying the action plan to the alpha motor newrons
of the anterior horns of the spinal cord, which, in tum, relay
the signals to move the muscles by way of peripheral nerves.
The corticospinal tracts are sometimes referred to as the pyra-
midal system (since they travel for part of their course in the
medullary pyramids). The extrapyramidal system includes
the basal ganglia and cerebellum, which participate in circuits
with the motor cortex and are involved in action initiation
and coordination (see Chs. 7-8).

Each corticospinal tract begins in the motor cortex, which
is located in the precentral gyrus (immediately anterior to the
central sulcus). The motor cortex is organized by the region
of the body it controls: face lateral, hand and arm superior to
this, and 1¢g and foot most medial (with arm and Ieg repre-
sentations connected at the shoulder/hip such that the hand

is most lateral and the foot most medial with the arm and leg
between).

33
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The cell bodies from layer 5 of the motor cortex give
rise to axons that travel in the subcortical white matter
(specifically in the posterior limb of the internal capsule),
then in the ventralfanterior brainstem (cerebral peduncles
of the midbrain, basis pontis of the pons. and medullary
pyramids of the medulla), At the junction of the medulla

and the cervical spinal cord (cervicomedually junction), the
carlicospinal iracls cross {decussate), such that the cortico-
spinal tract that began in the left hemisphere descends on
the right side of the spinal cord and the corticospinal trac
that began in the right hemisphere descends on the left side
of the spinal cord.
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Once in the spinal cord, the main clinically relevant corti-
cospinal tracts are situated posterolaterally. [n the spinal cord,
the axons that have traveled all the way from the contralateral
mator cortex synapse on alpha motor neurons in the anterior
horns of the spinal cord gray matter. Axons of the alpha
motor neurons leave the ventralfanterior spinal cord via
ventral roots and enter peripheral nerves to travel to muscles.

For clinical purposes, the pyarmidal motor system can be
considered as a two-neuron system. First-order neurons have
their cell bodies in the motor cortex (precentral gyrus), and their
axons travel through the internal capsule, brainstem, and spi-
mal cord {the corticospinal tract). Second-order neurons have
their cell bodies in the anterior horn of the spinal cord, and
their axons travel in peripheral nerves. The neurons of the cen-
tral nervous system (CMNS) component in the brainfbrainstem/
spinal cord (i.e., the corticospinal tract) are referred to as the
upper motor neurons, and the newrons of the peripheral ner-
vous system (PNS) component (anterior horn of the spinal cord
through the ventral roots into peripheral nerves) are referred 1o
a% the lower motor neurons.

Because of the crossing (decussation) of one corticospi-
nal tract at the cervicomedullary junction, lesions in the cor-
ticospinal tract in the brain and brainstem cause contralateral
weakness, whereas lesions on one side of the spinal cord cause
ipsilateral weakness. Lesions in individual roots and nerves
cause weakness in the particular muscle(s) that they supply.

Upper Motor Neuron Lesions Versus
Lower Motor Meuron Lesions

Understanding the differences in the clinical signs caused by
upper motor neuron lesions (CNS) versus lower motor neu-
ron lesions (PNS) is an essential component of the assessment
of weakness. With upper motor neuron lesions, all of the signs
go up: reflexes are “up” (increased: hyperreflexia), tone is
“up” (increased: spasticity), and the big toe may go up when
stroking the bottom of the foot (Babinski sign).

With lower motor neuron lesions, nearly all of the signs
are lowered: diminished or absent reflexes (hyporeflexia or
areflexia), decreased (flaccid) tone, decreased muscle bulk
{atrophy), toes downgoing (ne Babinski sign). Abnormal
muscle twitches called fasciculations can occur with diseases
affecting lower motor neurons. Fasciculations are an example
of a sign of increased activity due to lower motor neuron dys-
function, and are therefore an exception to the “up” and “low™
mnemonic for signs associated with pathology of upper and
lower motor neurons (Table 4-1).

Another upper motor neuron sign is the Hoffmann
sign, which can be thought of as a Babinski sign for the upper
extremity. To see if o Hoffmann sign is present, the examiner
holds the patient's hand by the middle finger with one hand,
and uses the other hand to quickly flick the tip of the middle
finger (as il snapping one’s fingers, but with the patient’s fin-
ger between), IFa Holfmann sign is present, the fingers and
thumb will flex. As with the Babinski sign, this sign is indica-
tive of upper motor newron (CNS) dysfunction,

TABLE 4-1 Upper and Lower Motor Meuron Signs.

i -
ator

Tone
Reflexes Increased ("Up7) Decreased o
Absent "Lower™)
Babinski's sign Present (Toe Goes Absent (Toe Goes
“Up) “Lower)
Muscle bulk [Generalty Atrophy (“Lower®
presened axcept bk}
with prolonged
disuse)
Fasciculations Absent May be pregent

A very important clinical point is that some of the clas-
sic upper motor neuron findings such as increased tone and
hyperreflexia are often not present acutely after a CNS insult
and take time to emerge. For example, with weakness caused
by acute stroke or acute spinal cord trauma, the affected
limb(s) will usually be flaceid and areflexic in the acute set-
ting. Upper motor neuron signs emerge over time. Therefore,
it may be more challenging to distinguish between upper
and lower motor newron causes of weakness in the acute set-
ting. An upgoing toe (Babinski sign) may be present acutely
{although not always), and when it is, can help point toward a
CHMS etiology of weakness.

Pronator drift is another indication of upper motor neu-
ron pattern weakness: when the arms are held outstretched
with the palms up and fingers spread (as if holding a tray), the
hand may begin to close and the arm may begin to pronate and
drifi downward if upper extremity weakness is due to CNS/
upper motor neuron pathology. (With parietal lesions, the
affected arm may drift upward due 1o impaired propriocep-
tion.) Unlike the upper motor neuron signs described above
that may not be present acutely, pronator drift can indeed be
present acutely.

When an upper motor neuron lesion causes weakness
withoul causing complete paralysis, a distinet pattern of weak-
ness may be seen in which the upper extremity extensors are
weaker than the flexors, and the lower extremity flexors are
weaker than the extensors. In other words, the arm is stronger
when flexing the elbow compared to extending the elbow, and
the leg is stronger when extending the knee compared to flex-
ing the knee, This pattern can be remembered by recalling the
posture of a patient with long-standing upper motor neuron
injury (e.g., prior stroke): the arm, wrist, and fingers are flexed
and pronated close to the body, whereas the lower extremity
is extended at the knee and needs to be circumducted when
the patient walks. This posture demonstrates that the stronger
flexors of the arm have overcome the weaker extensors, and
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the stronger extensors of the leg have overcome the weaker
fexors, As with pronator drift, this upper motor neuron
pattern of weakness can be present acutely {as opposed 10
hvperreflexia and increased tone, which generally take time
to emerge, as described above). Note that a radial nerve palsy
will affect the triceps. wrist/finger extensors, and supinator,
and <an thus mimic an upper motor newron lesion and vice
versa (see Ch. 16).

THE CORTICOBULBARTRACTS

The muscles of the face, tongue, larynx, and pharynx also
have upper motor neurens and lower motor neurons. The
upper moior neurons arise from the motor cortex and
travel with the corticospinal tracts as the corticobulbar
tracts. Instead of continuing to the spinal cord like the
corticospinal tracts do. the corticobulbar fibers terminate
in their respective cranial nerve nuclei in the brainstem.
The lower motor neurons arise in the cranial nerve nuclei
and travel in the cranial nerves. For example, corticobul-
bar fibers (upper motor neurons) synapse on the contralat-

eral cranial nerve 7 nucleus in the pons for movements of

the face. and the contralateral cranial nerve 12 nucleus for
movements of the tongue. These pathways are discussed
further in Chapters 13 and 14.

SOMATOSENSORY PATHWAYS FOR
THEBODY

Overview of the Somatosensory Pathways
for the Body (Fig. 4-2)

Inn contrast to the motor pathways that begin in the brain
and end in the periphery, the sensory pathways begin in the
periphery and end in the brain. Sensory information from
the skin (light touch, pressure, pain, wemperature, vibration)
and from the muscle spindles and the Golgi tendon organs
(proprioception) travels from the periplery via the peripheral
merves W arrive in the dorsal root ganglia, The dorsal root gan-
glia are cell bodies of pseudounipolar neurons, each of which
has one process in a peripheral nerve and the other traveling
in the dorsal roots to the spinal cord

At the entrance 1o the spinal cord, somatosensory infor-
mation is "sorted” into two pathwavs: pain and lemperature
information enters the anterolateral tracts (also known as the
spinothalamic tracts), whereas proprioceriion and vibration
information enters the dorsal columns, Light touch infor-
mation travels o some extent in both pathways and, there-

tore, has less localizing value, Botl sensory pathways ascend
through the spinal cord and brainsiem o arrive at the ven-
tral posterior lateral (VPL) nucleus of the thalamus, and

the thalamus teaimits this somaosensory information to
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the somatosensory corlex in the postcentral gyrus, just pos-
terior to the motor strip. Further details of these pathways are
described below.

The anterolateral and dorsal column systems both cross
to trapsmit sensory information from one side of the body to
the contralateral cerebral hemisphere, but the sites of cross-
ing differ. The crossing of the dorsal column system eeeurs in
the medulla, just superior to the crossing of the corticospinal
tracts (which cross at the cervicomedullary junction). There-
fore, unilateral lesions of the dorsal column pathway from the
upper medulla and superiory (i.e., pons. midbrain, thalamus,
subcortical white matter, somatosensory cortex) affect con-
trafateral sensation, whereas unilateral lesions from the lower
medulla through the spinal cord affect ipsilateral sensation.
This pattern essentially mirrors that of the corticospinal tracts.

Unlike the corticospinal tracts and dorsal column path-
ways, the anterolateral tracts cross immediately after enter-
ing the spimal cord (they actually cross over the course of a
few spinal levels). Therefore, unilateral lesions anywhere in
this pathway (spinal cord, brainstem, thalamus, brain) affect
contralateral sensation, since it crosses almost immediately
after entering the CNS. (Since the pathway crosses over the
course of a few spinal levels, a small patch of ipsilateral pain/
temperature loss involving the spinal levels over which the
tract crosses may also be observed.)

The Dorsal Column-Medial Lemniscus
Pathways (Fig. 4-3)

The dorsal columns travel dorsally (posteriorly) in the spinal
cord. They are divided into the fasciculus cuneatus and fascic-
ulus gracilis (one of ecach on each side). The fasiculi cuneatus
run laterally in the dorsal columns and carry upper extremity
sensory information, whereas the fascieuli gracilis run medi-
ally in the dorsal columns and carry lower extremity sensory
information. The columns rise all the way to the lower medulla
where they synapse in the nucleus cuneatus and nucleus gracilis
on each side. The axons exiting the nuclei cuneatus and graci-
lis on each side (second-order neurons in the system) cross by
way of the internal arcuate fibers to become the contralateral
medial lemniscus, Each medial lemniscus ascends through the
brainsten to synapse in the ipsilateral VPL nucleus of the thal-
amus, which provides the third-order neurons in the system
that synapse in the somatosensory cortex in the postcentral
gyrus (just posterior to the central sulcus).

Dysfunction in the dorsal column pathway leads to defi-
cits in vibration sense and proprioception (joint position sensc).
Tsolated dorsal column pathway dysfunction s most com-
maonly due 1o large fiber peripheral newropathy (see Ch. 27),
dorsal root ganglionopathy (see Ch. 15), or spinal cord discase
{see Ch. 5). Vibration sense is tested by placing a vibrating
128-Hz wning fork on a joint and comparing the length of
time the patient feels the vibration with the time the exam-
iner can feel it. Proprioception is tested by moving a particular
joint up or down and asking the patient to determine if the
joint has been moved up or down without looking. Evaluation

Primary somato-
SENSoY cortex
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FIGURE 4-3 schematic of the dorsal column pathway. Repra-
duced with permission from Martin 1: Newroanatomy Text and Atlas,
4dth ed. Mew York: McGraw-Hill Education; 2012,

of vibration sense is a more sensitive test for dorsal column

pathway dysfunction than evaluation of proprioception.
Assessing for the Romberg sign is another test of dorsal

column pathway dysfunction. Patients are asked to stand with
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their feet together. and once balance is achieved, they are asked

to close their eves. Patients with a deficit in proprioception can

stand with their feet together when using vision to compensate,

but closing their eves removes this cue and requires them 1o
rely exclusively on proprioeeption. If the dorsal column path-

way is not working properly due to large fiber peripheral neu-

rapathy, ganglionopathy, or spinal cord disease, patients will

sway and take a step to maintain balance, which is Romberg's
sign. If patients do not take a step when testing for Romberg's
sign. but exhibit involuntary piano playing=like movements of
the toes (pseudoathetosis), this is a sign of proprioceptive dys-
function (a sort of pre-Romberg sign).

The Anterolateral [(Spinothalamic)
Tracts (Fig. 4-4)

The dorsal root neurons carrying pain and temperature sen-
sation enter the posterior spinal cord and go directly into the
posterior gray matter via Lissauer’s tract, In the dorsal gray
matter, these fibers synapse, and the second-order neurons
travel anteriorly and cross in the anterior commissure of the
spinal cord to arrive in the anterior lateral spinal cord. The
axons of these second-order neurons then ascend through
the spinal cord as the anterclateral (spinothalamic) tracts 1o
the brainstem, where they eventually join the medial lemnis-
cus in the pons to travel together to the VPL nucleus of the
thalamus. After synapsing in the thalamus, the third-order
neurons of the pathway travel to the somatosensory corlex
just like in the dorsal column pathways.

Pain sensation is generally assessed by determining if the
patient can feel a pin as sharp, and if the pin feels of equal
sharpress in different locations. Isolated diminished pain sen-
sation can be due 1o peripheral neuropathy (affecting small
fibers). radiculopathyv, or dysfunction in the anterolateral
svstem in the spinal cord. When sensory loss is due to spinal
cord pathology, & distinet spinal level may be detected when
pin prick is tested along the spine; patients will note a discreie
level above which the pin is felt as sharp and below which it is
felt as dull (or not felt). Temperature can be assessed by using
the side of a metal wning fork to see il it feels equally cold in
different locations.

Facial semsation is carried in the trigeminal nerve (cranial
nerve 5) to the brainstem, from which facial sensory infor-
mation is transmitted 1o the contralateral ventral posterior
medial (VPM) nucleus of the thalamus and then to the
somatasensory cortex, This pathway is discussed in further
detail in Chapter 13.

LOCALIZATION OF MOTOR AND
SENSORY DEFICITS
Weakness can occur due to lesions anvwhere in the motor

pathways: brain, brainstem, spinal cord, ventral roots, periph-
eral nerves, neuromuscular junction, and/or museles, Sensory
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FIGURE 4-4 schematic of the anterolateral (spinothalamic)
tract. Repraduced with permission fram Martin J: Neuroanatomy Text
and Atlgs, $th ed. Mew York: McGraw-Hill Education: 2012,

changes (loss of sensation, paresthesias, proprioceptive defi-
cits) can occur due 10 lesions anywhere along the sensory
pathways: peripheral nerves, dorsal root ganglia, dorsal roots,
spinal cord, brainstem, or brain.

The clinical evaluation of weakness or sensory disturs
bances requires determining the distribution of the patient's
symiptoms (ic., unilateral, bilateral, proximal, distal) and the
time course of the onset and evolution of the patient's symp-
toms (ie. sudden, acute, subacute, chronic, and whether there
has been progression and/or fluctuation).

For weakness, the examination must alse determine
whether the weakness is consistent with localization to the



CHAPTER 4 The Motor and Somatosensory Pathways and Approach to Weakness and Sensory Loss 39

CHM3 (brain, brainstem, or spinal cord; i.e., upper motor
neuron signs on examination), PNS (roots, peripheral nerves;
i.e., lower motor neuron signs on examination), neuromus-
cular junction (i.e., fatigability on examination; see Ch. 29),
or muscles (often proximal and symmetric, although not
always; see Ch. 30).

For sensory disturbances, the affected sensory modalities
must be determined (i.e.. painftemperature and/or vibration/
proprioception). Light touch has less localizing value than
vibration, proprioception, pain, and temperature.

Understanding the localization of particular distributions
of motor and/for sensory symptoms rests on the foundation of
the pathways discussed in this chapter.

Invoivement of the Motor and Sensory
Pathways in the Brain

The motor and sensory cortices are adjacent to one another,
and their white matter tracts in the brain {descending from
the motor cortex; ascending from the thalamus to the sensery
-::orle::] are also close 1o one another Isolated weakness or isg-

e

if there is a snmll lesion affecting just one of these pathways
{e.g., small embaolic stroke affecting just one gyrus, or a snall
deep [lacunar] infarct in either the posterior limb of the inter-
nal capsule [motor] or the thalamus [sensory]). Lesions in
the brain will cause contralateral motor andfor sensory defi-
cits. Since the anterolateral and darsal column pathways are
adjacent from the level of the pons until the thalamus (where
both synapse in the VPL nucleus), lesions above the level of
the medulla usually cause sensory loss affecting all modalities
(although very small brainstem lesions affecting just one of
these pathways can sometimes oecur). 1solated proprioception/
vibration or painftemperature generally suggests a lesion
in the lower medulla, spinal cord, dorsal roots/ganglia, or
peripheral nerves,

Since the face and arm are adjacent on the cortical surface
and share the vascular supply of the middle cerebral artery
{the leg region is supplied by the anterior cerebral artery:
see Ch, 7), a common pattern of motor andfor sensory cha nges
dite to a lesion in the brain is deficits in the face and hand on
one side. Since the hand and the the mouth are among the
most sensitive and dexterous, they have substantial cortical
representation. Therefore, the symptom of sensory changes
and/or weakness in the hand and ipsilateral perioral region
{cheiro-oral pattern) is highly suggestive of a lesion in the
contralateral cerebral hemisphere,

" Isolated lesions of the somatosensory cortex may not lead
to sensory loss but may lead to higher level sensory deficits.
For example, the patient may be unable to recognize a number
or letter drawn on the hand (agraphesthesia). If the patient’s
left and rlgl'lt sides of the hnd}' are touched simultancously,
the patient may not note the sensation in the limb contralat-
eral to the lesion, despite being able to detect sensation when

this limb is touched in isolation (extinction to double simul-
taneous stimulation).

Involvement of the Motor and/or Sensory
Pathways in the Brainstem

In the brainstem, the corticospinal tracts travel in the ante-
rior {ventral) portion, whereas the sensory pathways are pre-
dominantly dorsolateral (the medial lemniscus beginning in
the anterior medial medulla is an exception to this general-
ization). Therefore, anterior brainstem lesions can affect the
motor pathways, whereas dorsolateral lesions can affect the
sensory pathways, Since all of the cranial nerve nuclei are also
in the brainstem, isolated motor or sensory symptoms limited
to the extremities from a brainstem lesion are rare, although
they can oceur with small anterior lesions affecting only the
corticospinal tracts, or small dorsal lesions affecting only the
sensory lracts,

As will be discussed in Chaprer ‘3' brainstem lesions can
cause crossed signs: weakness andfor sensory changes in the
face ipsilateral to the lesion but in the contralateral body. This
is because nearly all cranial nerves control ipsilateral func-
tions inm the head, whereas the corticospinal tracts do not
cross until the uppermost spinal cord and the sensory path-
ways are both crossed by the level of the superior medulla,
Since brainstem lesions affect the not-yet-crossed corticospi-
nal tracts and the already-crossed ascending sensory tracts,
deficits in the body will be contralateral to the side of a brain-
stem lesion,

Involvement of the Motor and/or Sensory
Pathways in the Spinal Cord

The anatomic arrangement of the long tracts in the spinal cord
gives rise to several possible clinical syndromes, which are dis-
cussed in detail in Chapter 5. Since the spinal cord is relatively
small, it is common lor disease processes affecting it to cause
bilateral symptoms and signs, although small lesions within
the spinal cord (intramedullary lesions) or unilateral exter-
nal compression of the spinal cord (extramedullary lesions)
can lead to unilateral symptoms.

Involvement of the Motor and/or
Sensory Pathways in the Peripheral
Nervous System

As discussed in Chapter 27, peripheral neuropathies can be
motor, sensory, or mived, and can affect an individual nerve
{mononeuropathy), multiple nerves (mononeuropathy
multiplex), or all nerves (polyneuropathy), leading to vary-
ing patterns of weakness and/or sensory changes. When an
individual limb is weak and/or has changes in sensation such
as numbness or pain, the problem may be referable to an indi-
vidual root or nerve, multiple roots or nerves, or 1o a nérve
plexus (see Chs. 16-17).
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FIGURE 4-5 schematic showing patterns of weakness and/fer sensory disturbances caused by lesions at different lovels of the
pervaus system. Note thata myopathy will not cause sensory deheits. Adapted with permission from Aminodl M, Greenberg D, Simon B Clini-

cal Neurology, 9th ed. New York: McoGraw-HIll Education; 2015,

In summary (Fig. 4=5):

« If there are sensory andfor motor changes in the face (with
ar without deficits in the extremities), this requires a lesion
at the level of the brainstem or in the cerebral hemisphere.
{Evaluation of facial weakness and sensory changes is dis-
cussed in further detail in Chapter 13.)

« If the arm and leg are affected on one side without the face
being involved, the leston is most likely in the medulla or
cervical spinal cord.

« If ope limb i3 affected in isolation, a lesion at nearly any
level of the nervous svstem is possible: & small cortical
or subcortical lesion, a spinal cord lesion, or a lesion
ai the level of the nerve roots, plexus, or one or more
peripheral nerves. A brainstem lesion causing anilateral
involvement of one limb is unlikely since the fibers of
the motor and sensory pathways are packed so closely in
the brainstem.

Izolated bilateral weakness sugpests a process affecting the

spinal cord, peripheral nerves, musclés, or neuromuscu-

lar junction. To have bilateral weakness from a brain or
brainstem lesion would require bilateral lesions, which will
usirally cause symptoms/signs beyond just motor problems

{e.g.. changes in mental state i there are bilateral cere-

bral fesions or cranfal nerve deficits if there are bilateral

brainstem lesions), An exception is a very medial lesion
affecting the bilateral leg arcas of the motor cortices, which
can lead to paraplegia mimicking a spinal cord lesion. This
can be caused by a parasagittal meningioma or hilateral
anterior cercbral artery strokes (which can occur when
both anterior cerebral areries arise from a commoen trunk,
called azypous amterior cerebral arterics; see Ch, 7). In the
case of bilateral anterior cerebral artery strokes, there are
usually copnitive deficits in addition to the motor findings.

-

Isolated bilateral sensory changes generally sugpest a
process affecting the spinal cord, dorsal roots, dorsal root
ganglia, or peripheral nerves,

With respect to time course of symplom onset and
evolution:

« Sudden-onset weakness and/or sensory changes, Com-
mon causes of sudden-onsel weakness andlor sensory
changes localizing to the brain include stroke, scizure, or
migraine. The most common cause of sudden-onscet weak-
ness and/or sensory changes localizing to the brainstem is
stroke, Commaon causes of sudden-onset weakness and/or
sensory changes localizing to the spinal cord include acute
disc prolapse or vertebral collapse (eg., due to trauma or
metastatic malignancy 1o the vertebrae), which are typi-
cally painful. Spinal cord infarct occurs rarely (see Ch. 19),
Sudden-onset weakness andfor sensory changes localizing
to a particular nerve may be caused by a nerve infarct (as
can be seen in vasculitic neuropathies: see Ch. 15)

Acute- 1o subacuie-onsel (over hours o days) weak-
ness andfor sensory changes. Acute- to subacute-onset
weakness and/or sensory changes at any level of the ner-
vous system can be due to inﬂarllm.llclry conditions (e.g..
Guillain-Bareé syndrome (see Ch. 27), transverse myelitis,
or an acute demyelinating lesion in multiple sclerosis; see
Ch. 21) or infectious processes (e.g. cerebral or epidural
abscess; see Ch. 20).

Subacutes to chronic-onset (over weeks to months to
years) weakness and/or sensory changes. Subacute- o
chronic-onsel weakness andfor sensory changes can be
caused by neoplasm, chronic inflammatory discase (g
chronic inflammatory  demyelinating  polyneuropathy
[CIDP]}, or degenerative discase (e.g.. in the case of isolated
weakness, motor nearon diseasc).
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OVERVIEW OF SPINAL CORD ANATOMY

‘The spinal cord begins where the medulla ends, running from
the laramen magnum at the base of the skull to about the level
of the first lumbar vertebra (L1} (Fig. 5-1). The spinal cord is
divided into cervical, thoracic, lumbar, and sacral regions. The
cervical and thoracic regions of the spinal cord corresponds to
the cervical and thoracic regions of the spinal column. How-
ever, the spinal cord is shorter than the spinal column, and so
the lumbar region of the spinal cord actually corresponds to
the lower thoracic spine, and the sacral region of the cord is
housed in a short region called the conus medullaris at about
the level of the L1-L2 vertebrae. Throughout the spine, dorsal
roots enter and ventral roots exit through the neural foramina
of the vertebrae that correspond to their spinal cord level af
origin/exit. At cervical and thoracic levels, the corresponding
foramina are essentially adjacent to the spinal cord levels with
which they are associated. Since the spinal cord ends at L1,
below L1, the lumbosacral nerve roots (cauda equina) must
descend to reach their corresponding exiting foramina
{discussed further in Chapters 15 and 17).

The lateral corticospinal tracts, dorsal column pathways,
and anterclateral (spinothalamic) tracts are the three most
clinically relevant pathways for clinical localization within the
spinal cord. Sympathetic and parasympathetic pathways also
traverse the spinal cord, and there are a number of other tracts
{e.g., tectospinal, rubrospinal, vestibulospinal) that play roles
in posture and motor control but are not generally assessed
in clinical newrology. The spinocercbellar pathways that bring
proprioceptive infermation to the cerebellum will be dis-
cussed in the context of the cerebellum in Chapler 8.

Central Cord Syndrome
Subacute Combined Degeneration

SPINAL CORD PATHWAYS FOR BOWEL AND BLADDER
CONTROL

CAUSES OF MYELOPATHY

The lateral corticospinal tracts are lateral and posterior in
the spinal cord, the dorsal columns are posterior and medial,
and the anterolateral (spinothalamic) tracts are anterior and
lateral {as their name suggests) (Fig. 5-2).

LAMINATION OF THE LONG TRACTS IN
THE SPINAL CORD (FIG.5-3)

Lamination refers to the arrangement of fibers within a pathway.
For the corticospinal, anterolateral, and dorsal column pathways,
this refers to where the arm, leg, and torso fibers run (there are
no fibers for the head in the spinal cord since these are carried
toffrom the brainstem by the cranial nerves).

As the corticospinal tracts descend from the brainstem,
arm fibers synapse on lower motor neurons in the cervical
cord, but leg fibers must wait until the lumbar cord to do so.
Therefore, arm fibers must be most medial to have first access
to the alpha motor neurons, and leg fibers are more lateral,
gaining exposure to the anterior horn cells only after the arm
fibers have done so and departed as the tracts descend. The
corticospinal teacts are thus laminated with the arm fibers
medial and the leg fibers lateral.

The dorsal column fibers (rom the feet and legs enter the
spinal cord at the lumbar and saceal levels, and are pushed
medially by the addition of trunk and arm fibers as the tracts
ascend. The dorsal columns are thus laminated with the legs
medial and the arms lateral,

The spinothalamic tracts’ feet and leg fibers cross to the
contralateral side and are pushed laterally as subsequent
crossing fibers for the trunk and arms push them aside and
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FIGURE 5-1 Schematic of lateral view of the spinal cord and
nerve roots in relation to the spinal column. Repreduced with
permission from Amingff M, Greenberg D, Simon R; Clinical Neuralogy,
Gth ed. New York: McGrow-Hill Education; 2015,

layer more medially. The spinothalamic tracts are thus lami-
nated with the arms medial and the legs Iateral like the corti-
cospinal tracts.

In summary. in the corticospinal and anterolateral tracts,
the arm fibers are medial and the leg fibers are lateral, and the
pattern is reversed for the dorsal columns. As a mpemaonie,
imagine two people laying feet 1o feet on top of the spinal cord
(dorsal columns: lower extremities medial, upper extrenities
lateral) and four people (two on each side) falling perilously
into the central canal (anterolateral and corticospinal tracts:
upper extremities medial, lower extremities lateral ). This lami-
nation pattern is particelarly important for the understanding

Sacral

P
m\\};i I I'~._1Mmm bact

FIGURE 5-Z schematic of axial section of the spinal cord.
This schematic demonstrates the locations of the three main clinically
relevant pathweays and their lamination: corticospinal tracts, dorsal
colurmns, and anterolateral (spinothalamic) tracts. Reproduced with
permission frem Waxman 5 Clinfeal Newroanatamy, 27th ed.

Mew York: MoGravw-Hill Education; 2013,

of central cord syndrome (e.g., as can be caused by a syrinx)
(5ee "Central Cord Syndrome” later).

SPINAL CORD SYNDROMES

There are four important clinical patlerns Lo recognize thal sig-
nify localization to particular parts of the spinal cord, each with
a particular differential diagnosis (Fig. 5-4 and Table 1-1).

Brown-Séquard (Hemicord) Syndrome
(Fig. 5-4A)
Hemicord syndrome affects all pathways on one side of the
spinal cord. The corticospinal tracts cross in the medulla,
which is just above their entry inte the cervical spinal cord.
‘Therefore, motor deficits caused by a unilateral spinal cord
lesion will cause ipsilateral weakness below the level of the
lesion. The dorsal column pathways remain ipsilateral until
they cross in the medulla, so unilateral spinal cord lesions
will cause ipsilateral deficits of proprioception and vibration
sensation below the level of the lesion. Since the anterolat-
¢ral (spinothalamic) tracts cross as they enter the spinal cord.
lesions of one side of the spinal cord will affect already-crossed
spinothalamic fibers, causing contralateral deficits in pain and
temperature sensation below the level of the leston (a small
region of ipsilateral pain and temperature sensation loss may
also be seen al the levels over which the pathway is crossing).
In summiary, a lesion affecting one lateral half of the
spinal cord will cause:

« Ipsilateral weakness below the level of the lesion

« Ipsilateral loss of vibration sense and proprioception below
the level of the lesion

= Contralateral loss of pain and temperature sensation below
the level of the lesion
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FIGURE -3 schematic of the three long tracts. A: Conticospinal tracts. B: Dorsal column pathways. E:Spinnwurhlc_mm&ipmm;h
permission from Waxman 5: Chinical Newroanatomy, 27th ed. New Yaork: McGraw-Hill Education; 2013

Dorsal columns:

Dorsal columns Darsal columns

C Anterolateral (spinathakamic) tract D Antorolatenal (spinothalamic) ract

FIGURE 5-4 Sschematic of spinal cord lesions. A: Brown-Séquard (hemicard) syndrome. B: Anterior cord syndrome. C: .EH.!'l.tl'Ili
cord syndrome, D; Subacute combined degeneration. Reproduced with permission from Aminoff M, Greenberg B, Simen R: Clinical
Neuralogy, 9th ed. New York: McGraw-Hill Education: 2015.°
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TABLE 5-1 Spinal Cord Syndromes.

PR A Brown-Séquard Syndrome
Ry L Anterior Cord Subacute Combined
S Ipsilateral  Contralateral  Syndrome Central Cord Syndrome Degeneration
Motar Affected Spared Affeciad Spared bilaterally (until very Affected bilaterally
bilaterally advanced)
Vibration/ Affected Spared Spared bilaterally Spared bilaterally Affected bilaterally
proprioception
Pain/ Spared Affected Affected Affected bilatarally (in Spared bilaterally
temperature bilaterally hands/upper extremities
first}

For exampie. in a lower thoracic Brown-Séquard syndrome
affecting the right hemicord, there will be ripht-sided (ipsilateral)
wezhness and vibration sense/propricception loss with spared
painftenperature sensation, and the opposite pattern on the
left (contralateral) side: preserved strength and vibration
sense/ proprioception but impaired pain/temperature sensation.

Hemicord syndrome is most commonly caused by pen-
etrating trauma (¢.g. stab or gunshot wound), but <an alse
be caused by a neoplasm compressing the cord from one side
{e.g.. meningioma} or 2 unilateral demyelinating lesion (e.g..
transverse myelitis).

Anterior Cord Syndrome (Fig. 5-4B)

Anterior cord svndrome fnvolves nearlv the entine cross sec-
area of the spinal cord with the exception of the dorsal
ins. Therefore, motor function and pain and tempera-
ture sensation are impaired below the level of the lesion but
proprioception and vibration are spared. Both upper and
lower motor neuron signs may be seen: upper modor new-
ron signs due 1o interruption of the descending corticospinal
fracts and lower motor neuron signs due 1o involvement of
the gray matter at the affected levells) of the spinal cord. Ante-
rior cord svndrome occurs most commaonly due to infarction
in the territory of the anterior spinal artery of the spinal cord,
which is most often cawsed by abdominal acnic aneurvsm
{AAAL AAA ruplure, o in the selting of surgeny for AAA
repair. The reasons why the anterior spinal cord is more vul-
nerable to ischemia than the posterior cord are discussed in
Chapter 19 (see “lschemic stroke of the Spinal Cord ™).

Central Cord Syndrome (Fig. 5-4C)

Central cord syndrome occurs most commonly due 1o syr-
inx, a dilatation of the cemtral canal of the spinal cord. When
the central canal enlarges in a svrinx, this usually occurs in
the cervical spinal cord. The closest structure to the central
canal is the anterior commissure where the amterolateral tracts
cross. Since the upper extremity spinothalamic fibers enter
and cross in the cervical spinal cord, these are affected first,
This leads to bilateral loss of pain and lemperature sensation
in the upper extremities, which can cause a “cape-like” distri-
bution of sensory deficits. As a syrinx continues to expand,

spinothalamic {and, in some cases, corticospinal) tracts may
be compressed from medially to laterally. Since upper extrem-
ity fibers are medial in both pathways, these are affected first
leading to invelvement of the upper extremities before affect-
ing the lower extremities il the syrinx progresses,

Syrinx can ocour in the setting of a Chiari malformation
{zee “Chiari Malformation”™ in Ch. 26), or any lesion of the
spinal cord leading 1o obstruction of the central canal (e.g.
tumor, prior trawma, demyelmation, hemorrhage).

Subacute Combined Degeneration

(Fig. 5-4D)

Selective involvement of the dorsal columns and corticospi-
nal tracts together oceurs in subacule combined degencration.
Subacute combined degeneration is most commonly caused
by vitamin B12 deficiency, but can also be caused by copper
deficiency, Vitamin B12 deficiency can be cavsed by malab-
sorption {e.g., pérnicious anemia, small intéstine pathology or
surgery, gastric bypass) or a vegetarian or vegan diet. Cop-
per deficiency can occur in the setting of excess zinc ingestion
iwhich can be caused by zinc-containing denture creams),
after gastric bypass surgery, or due to malabsorption. Both
vitamin B12 deficiency and copper deficiency can result in
concurrent myelopathy and neuropathy {myeloneuropathy),
which can cause mixed upper and lower motor neuron fea-
tures on examination (eg., absent ankle reflexes and brisk
kiee reflexes, or areflexia with Babinski signs).

The dorsal columns and corticospinal tracts are also
selectively affected in the vacuolar myelopathy of AIDS
{see "HIV -associated vacuolar myelopathy™ in Ch, 20).

Iovolvement of the dorsal columns and dorsal roots
together is seen in tabes dorsalis in syphilis (see Ch, 20).

SPINAL CORD PATHWAYS FOR

BOWEL AND BLADDER CONTROL
(TABLE 5-2)

The pathways for bowel and bladder control also pass through

the spinal cord. Recall that with upper motor neuron lesions
affecting control of the limbs, the affected extremities are
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. For the bladder, this means that in the acute setting of
spinal cord injury, the bladder is flaceid and does not contrae,
leading to urinary retention with overflow incontinence. Over
lime, an upper motor neuron pattern emerges wherchy the
bladder is spastic/hyperreflexie: it contracts too much, leading
o urgency and incontinence.

For the bowel, acute spinal cord lesions lead to bowel
and rectal flaccidity, causing constipation due to decreased
bowel motility and incontinence due to decreased rectal
tone. Chronic spinal cord lesions lead to increased bowel
and rectal tone, which results in constipation (generally
requiring physical stimulation of the rectum for a bowel
movement Lo occur).

Lower motor neuron lesions for both bowel and blad-
der (sacral roots 2—4 of the cauda equina) lead to flaccidity,
leading to retention of both stool and urine, with overflow
incontinence of urine and bowel incontinence due to flaccid

sphincter tone.

CAUSES OF MYELOPATHY

Common causes of myelopathy are classified here !:}- time
course of onset and evolution, Details of individual disorders

are discussed in Part 2 of the book.
Hyperacute-onset (minutes to hours) myelopathy can

be caused by:
« Trauma _
« Structural disease of the spine: acute central disc prolapse,

acute vertebral collapse .
« Vascular causes (see Ch, 19): stroke, epidural hemarrhage,

or spinal cord hemorrhage {hematomyelia)
Acute o subacute-onset {hours to days) myelopathy
can be caused by:
« Infections (see Ch. 200 viral m
schistosomiagis

yelitis, epidural abscess,

* Inflammatory disease (see Ch 21): it
_ } _ - 21): trangverse myelitis, Nare
?f_l‘nuh:.Pll‘.‘ sclerosis, flare of neuromyelitis optica, lupus,
Sjogren’s syndrome, sarcoidosis

Subacute te chronic-onset (days to monthe
can be caused by: " e o

+ Structural discase of the spine (see Ch. 16): cervical
stenosis
» Tumaor (sec Ch 24): primary or metastatic
= Infections (see Ch. 20: wberculosis of the spine
- "I%"ascu]ur causes {see Ch. 19): spinal dural arteriovenous
stuila

« Metabolic causes: vitamin B12 deficiency or copper
deficiency

Chronic-onset (months to years) myelopathy can be
caused by:

s Infections (see Ch. 20): human T-cell lymphocytic virus
| (HTLV-1) and AIDS

» Neurodegenerative myclopathics: hereditary spastic para-
plegia (see below), spinocerebellar ataxia (see Ch. 8, adre-
nomyeloneuropathy (see Ch. 31)

» Radiation-induced myelopathy (see Ch. 24)

These conditions are discussed in Part 2, except heredi-
tary spastic paraplegia, which is therefore discussed here.

Hereditary Spastic Paraplegia

Hereditary spastic paraplegia (HSP) is an inherited degen-
erative disorder that predominantly affects the corticospinal
tracts in the spinal cord leading to progressive bilateral lower
extremity weakness and spasticity. More than 50 sublypes
of HSP have been identified with variable age of onset and
inheritance pattern (autosomal dominant, autosomal reces-
sive, and X-linked). Subtypes also vary in terms of whether
the condition is limited to spastic paraplegia (pure or uncom-
plicated HSP) or accompanied by additional features {com-
plicated  HSP), which can include dementia, neuropathy,
parkinsonism, epilepsy, ataxia, visual loss, andfor hearing
loss. Treatment is supportive with agents o reduce spasticity
(e.g., baclofen, tizanidine), use of assistive devices, and genetic
counseling.
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ANATOMY OF THE VISUAL PATHWAY

The optic nerve is the output of the retina. Therefore, each
aptic nerve carries all of the visual information from the eve
from which it emerges. Since the left hemisphere moves
the right side of the body and the right hemisphere moves
the left side of the body, it makes sense that the left hemi-
sphere should receive the visual information from the right
half of the world and the right hemisphere should receive the
visual information from the left half of the world. Therefore,
some of the information in each optic nérve must cross so
that the brain can work with the left and right visual fields
rather than merely what is seen by the left and right eyes.
The left hemisphere must receive right visual field informa-
tion from both the left eye and the right eye; the right hemi-
sphere must receive left visual field information from both
the left eye and the right eye. The crossing of visual field
information to eonvert the visual world from left eye-right
eye organization to left field-right field organization occurs
at the optic chiasm. Posterior to the optic chiasm, visual
information is organized into fields: the left visual field is
processed in the right hemisphere, and the right visual field
in the left hemisphere.

Which visual information from each eye needs to cross
to converl the organization of visual information from eyes
to visual fields? Imagine viewing a simple rectangle that is
half tan and half blue (Fig, 6-1). The right visual field {blue)
prajects onto the medial (nasal) retina in the right eye and
the lateral (temporal) reting in the left eye. The left visual
field (tan} projects 1 the medial (nasal) retina in the left eye
and the lateral {temporal) retina in the right eye. The micdial
(nugal) retinas are, therefore, receiving the lareral (temporal )
visual fields, and the leteral {(temporal) retinas are receiving
the meddied (nasal) visual Relds.

DISORDERS OF VISUAL COGNITION
Balint Syndrome
Cortical Blindness and Anton Syndrome
Charles Bonnet Syndramae

All visual information from the right visual field must end
up in the left hemisphere, and all visual information from the
left visual field must end up in the right hemisphere, The right
visual field information in the left optic nerve (from the lateral
retina) is already on the correct (left) side of the brain, but the
right visual field information in the right optic nerve {from the
medial retina) must cross from the right optic nerve to the left
side of the brain to join it. The left visual field information in
the right optic nerve (from the lateral retina) is already on the
correct side of the brain, but the left visual field information in
the left optic nerve (from the medial retina) must cross from
the left optic nerve to the right side to join it

In summary, the information seen by the lateral (tem-
poral) retina of each eve is from the contralateral visual field,
and so it is already on the correct side of the brain in the
optic nerve and does not need to cross. The information in
the medial (nasal) retina in cach eye is from the ipsilateral
visual field, so that information needs to cross at the chiasm.
Therefore, a1 the chiasm, the information from the medial
{masal) retinas (representing the lateral [temporal] visual
fields) erosses, and the information from the lateral (tem-
poral) retinas (representing the medial [nasal] visual fields)
remains ipsilateral.

Posterior to the optic chiasm the visual world is separated
into left and right visual fields, with the left visual field repre-
sented in the right hemisphere, and the right visual field rep-
resented in the left hemisphere. This information travels in the
fedt amd right optic tracts from the chiasm to the left and right
lateral geniculate nucleus {LGN) of the thalamus. From each
LGHM, information travels to the visual cortex of the oceipital
lolses in 4 superior radiation and an inferior radiation on each
side, Just as the left visual field goes to the opposite (i.e., right)
side of the brain and the right visual field goes to the opposite
(i.e., left) side of the brain, the inferior visual Relds travel in

47



8

PART 1 Newroanatomy and MNewroanatomic Localization

Lateral
geniculala
nucleus

L P laj
Fi GuU RE 6=1 Schematic of viswal pathweay
i rudiations W the superior bank of the calearine
Pty occipital lobe, and the superior visual
ficlds travel in the inforior radiations wo the inferior bank of the
nine cores. The superior radiations travel threugh the
tal lobes to the occipital lobes, and the inferior radiations

the temporal labes to the occipital lobes. The
inferioe radiations loop anteriorly before proceeding posteri-
orly, and this anterior loop is called Meyer's loop.

APPROACH TO VISUAL LOSS

Understanding the {low of visual information allows for the
localization of visual deficits to particular regions of the visual
pathway (see Fig 6-1). _ :

A visual deficit limited to just one eve (e, the other eye
sees the whole world normally when the problematic eye is
closed) must be due to either ocular pathalogy (e.g., lens, ante-
rior chamber, retina) or pathology of the oplic nerve,

A visual deficit limited to a particular visual field in bol
eves (ie., the same deficil in each eye=—a homonymous deficit)

B
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and visual field deficits caused by lesions in the visual pathway. Adapted with permission
mcal fewrelogy, Ith ed. New York: McoGraw-Hill Education; 2015,

localizes posterior to the optic chiasm: optic tract, LGN, optic

radiation(s), or occipital lobe (on the side contralateral to the
homonymous deficit),

« An optic tract or LGN lesion will cause a contralateral
homonymous hemianopia. Lesions of the optic tract may
cause incongruous visual field deficits that are on the same
side in each eye (homonymous) but of different shapes in
each eye. Isolated lesions in the optic tract or lateral geniculate
nucleus are rare in practice.

Lesions affecting an individual optic radiation or individual
bank of the calcarine cortex will cause a contralateral visual
deficit in one uadrant in both eyes (quadrantanopia):

= A superior quadranianopia localizes to the contralateral

inferior radiation and/or inferior bank of ithe calcarine
LOFlex.

An inferior quadrantanopla localizes 1o the contralateral
supenior radiation and/or superior bank ol the calcarine
COTtey,

Lesions of one occipital lobe that affect both the U
rior and inferior portions of the calcarine cortex lead
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to a contralateral homonymous hemianopia, as would a
lesion of the optic tract or lateral geniculate nucleus on
that side. Infarction of one occipital lobe (due to stroke
in the posterior cerebral artery territory) may produce a
homonymous hemianopia with macular sparing (pre-
served central visien). This may be due to the macula
receiving some blood supply from the middle cerebral
artery andfor the macula being bilaterally represented
simce it is at the center of vision and, therefore, does not
fall into one “field.”

The region where a lesion creates a more complex visual
deficit is at the optic chiasm. As described above, the chiasm
is where information from the medial retina from each eyef
aptic nerve {representing the lateral visual feld in each eyer
aptic nerve) crosses, Therefore, a lesion affecting this cross-
ing information causes loss of vision in the bilateral lateral
{temporal) visual fields, with sparing of the bilateral medial
{nasal) visual ficlds. This pattern of visual loss is referred to as
bitemporal hemianopia, and causes loss of peripheral vision
on both sides.

It is important to note that to elicit bitemporal hemi-
anopia at the bedside requires visual field testing of each eye
individually. Take the example of an object in the left visual
Aeld: It is seen by the left nasal retina (information from here
crosses in the chiasm)} and the right temporal retina (infor-
matien from here does not cross in the chiasm). Therefore,
if there is a bitemporal hemianopia due to a chiasmal lesion,
the visual information in this example {(an object on the left)
projected on to the medial (nasal) retina of the left eye will
mot “get through,” and so will not be seen. However, the
same left visual field information projected onto the tempo-
ral retina of the right eye will “get through,” since this infor-
mation dees nof cross al the chiasm, So if the visual fields are
tested with both eyes open (i.e., rather than by having the
patient cover one ¢ye to test each eye separately) in a patient
with a bitemporal hemianopia, an object in the left visual
field will still be seen by the right eye/optic nerve and right
hemisphere. If the right eye is covered so the left eye is tested
in isolation, then the temporal field deficit in the left eye will
be revealed (since the right eye information that does not
traverse the chiasm is not available to the brain when the
right eye i covered). Therefore, 2 bitemporal hemianopia
may be missed if visual felds are tested with both eyes open,
but should be evident if each eye is tested separately with one
eye covered. )

A junctional scotoma occurs when the optic nerve is
affected at its junction with the chiasm, This produces an ipsi-
lateral central scotoma (from optic neuropathy) and contea-
lateral superior temporal quadrantanopia because the inferior
masal fibers (representing the superior temporal quadeant)
leop anteriorly inte the most distal portion of the contralat-
eral aptic nerve after crossing before proceeding posteriorly.
The portion of the pathway that loops anteriorly is called
Wilbrand's knee.

Another bilateral syndrome of the optic nerves is Foster
Kennedy syndrome. In this syndrome, an enlarging mass

lesion compresses the optic nerve on one side leading to
aptic neuropathy (with optic nerve pallor on examination
due to chronicity), and the elevated intracranial pressure
caused by the mass results in papilledema on the contralat-
eral side,

Monocular Visual Loss

The causes of monocular visual loss include problems of the
lens (e.g. cataract), anterior chamber {e.g.. uveitis), retina
(e.g. retinal ischemia, diabetic retinopathy). and optic nerve
{i.e., optic neuropathy [see below for differential diagnosis)).
In general, monecular vision loss is classified as acute or non-
acute, and painful or painless. Sudden monocular visual loss Is
generally vascular in etiology (e_g., central retinal artery occlu-
sion, central retinal vein occlusion, ischemic optic neuropa-
thy). and all other causes are generally subacute to chronic in
presentation, Vascular causes of monocular visual loss such as
retinal ischemia and ischemic optic neuropathy are generally
paintess, (Patients with visual loss due to giant cell arteritis
often have headache, although they do not typically have eye
pain.) Painful monocular visual loss occurs with acute angle
closure glavcoma and optic neuritis,

Optic neuropathy generally causes blurred vision cen-
trally (central scotoma or cecocentral scotoma if it extends to
the blind spot), decreased color vision, decreased visual acu-
ity, and an afferent pupillary defect (see Chapter 10 for expla-
nation of afferent pupillary defect). I optic neuropathy is due
to an inflammatory cause (optic neuritis), optic nerve swell-
ing may be visible on fundoscopy (unless the inflammation is
mare pasterior in the optic nerve (retrobulbar), in which case
the aptic nerve may appear normal). Chronic optic neurapa-
thies cause optic nerve pallor.

Hyperacute to acute causes of optic neuropathy include:

» Ischemic:
+ Anterior ischemic optic neuropathy (AION):
« Arteritic ATOM: giant cell arteritis or systemic vasculitis
« Monarteritic AION: small “crowded" optic disc

increases risk; caused by hypotension and/or vascular
risk factors

« Posterior ischemic optic neuropathy (FION): usually
caused by hypotension (e.g. postsurgical, especially with
prone positioning during surgery)

« Traumatic: severe head trauma can cause shearing of optic

Merves
Acute to subacute causes of oplic neuropathy include:

« Elevated intracranial pressure with papilledema
« Inflammatory (optic neuritis; see Ch, 21):

+ Demyelinating disease: multiple sclevosis, neuromyelitis
aplica

= Systemic inflammatory disease: sarcoidosis, vasculitis,
paraneoplastic (anti-CRMP-5 antibodies)

« Infectious: syphilis, Bartonella (cat-scratch disease)
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Subacute to chronic causes of optic nevropathy include:

Neoplasm or treatment of neaplasm:

« Intrinsic: optic nerve glioma

« Extrinsic: compression from optic nerve sheath menin-
gioma. skull base meningioma, pituitary tumor, lepto-
meningeal metasiases

« Radiation-induced optic neuropathy

Taxic:

-

« Medications: ethambutol, linezolid

« Toxins: methanol, obacco-alcohol amblvopia

Metabolic: vitamin B12 deficiency

« Hereditarv: For example, Leber's hereditary optic neuropathy
{a mitochondrial condition)

In general, ischemic, neoplasiic, and inllammatory cawses
of optic neuropathy. present unilaterallv. Although demy-
elinating disease may affect both opiic nerves. this generally
occurs sequentially rather than simultancously, Infectious
causes of optic neuropathy can present unilaterally or hilater-

es generally present

nfuel (with worsening

aily, Toxie, metabolic, and hereditarye ¢

ritis is bepically

Bitemporal Hemianopia

gamze of gnizsmal lysjions i5 pileilary

e mMost COnuIman
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0., of the distal carotld] can also occur

FIGURE 6-2 coronal T2-weighted MRI demonstrating
pltuitary macroadenoma compressing the optic chiasm. This
patient presented with bitempaoral hemianaopia,

in this region. Figure 6-2 shows an MRI from a patiemt
who presented with bitemporal hemianopia and was found
te have a piluitary macroadenoma compressing the optic
chiasm.

Homonymous Visual Field Deficits

The causes of lesions of the lateral geniculate nucleus
(LGN, optic radiations, and occipital lobes include any dis-
eases that can affect the cerebral hemispheres: e.g., vascu-
lar. neoplastic, infectious, inflammatory, The LGN is in the
territory of the anterior choroidal artery (a branch of the
internal carotid artery), the superior radiation is in the ier-
ritory of the middle cerebral artery, the inferior radiation is
in the tereitory of the middle and posterior cerebral arteries,
and the occipital cortex is in the territory of the posterior
cerebral artery (see Ch. 7).

DISORDERS OF VISUAL COGNITION

Visual information from the primary visual cortex (at the
occipital pole) s transmitted superiorly to the parietal lobe
for spatial processing (the “where” pathway) and transmit-
ted inferiorly to the temporal lobe for object identification/
recognition (the "what™ pathway). The left “what” pathway is
specialized for processing of visual word forms, so lesions in
the left inferior temporo-occipital region can lead to inabil-
ity Lo read (alexia), sometimes with preserved ability to write
(alexia without agraphia). The right “what” pathway is spe-
cialized for processing of faces, so lesions in the right inferior
temporo-occipital region {in the fusiform gyrus) can lead to
inability to recognize faces (prosopagnosia).

Balint Syndrome

Balint syndrome occurs with lesions of the bilateral parieto-
accipital junctions (e.g., due to medial cerebral artery-
posterior cerebral artery [MCA-PCA] watérshed/borderzone
infarcis; see Ch. 7). This syndrome is characterized by a triad
of signs that are manifestations of deficits in visual attention:
aplic ataxia, ocular apraxia, and simultanagnosia.

Optic ataxia is an “ataxia” due o difficulty using visual
attention 1o guide extremity movements. This can be dem-
onstrated on the finger-nose test. Rather than the oscillatory
movenments seen in cerebellar ataxia, the patient's movements
appear W be misdirected, as if the patient cannot determine
how 1o direct the finger 1o the arget,

Ocular apraxia is an inability 1o use visual attention to
puide eve movements, The patient will not be able w track the
examiner’s finger, but may be able 10 move the eyes appropri-
ately in response to commands such as "look left” and “look
right.”

Simultanagnosia is an inability 1o visually “survey”
a scene and see the “forest for the trees” For example, if a
patient is shown a drawing of one large letter or number com-
posed of smaller versions of a diflerent letter or number, the
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patient may see only the small letters or numbers but not the
larger letter or number they create.

Cortical Blindness and Anton Syndrome

If enough of the occipital cortex is damaged bilaterally (e.g.,
bilateral posterior cerebral artery [PCA] strokes), this can
lead 1o cortical blindness: the eves and optic nerves still work
(as can be proven by normal pupillary light reflexes), but the
brain cannol decode visual information. Some patients with

cortical blindness are unaware that they are blind and may
deny being unable to see, a condition called Anton syndrome.

Charles Bonnet Syndrome

In patients with bilateral visual loss of any cause (most com-
manly ocular in older adults), patients may develop “release”
hatlucinations (Charles Bonnet syndrome). These hallucina-
tions are generally of small people, are not threatening to the
patient, and the patient usually knows they are not real.
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Chapters 4 and 6 mapped the primary moter cortex (precen-
tral gyrus of the frontal lobe), primary somatosensory cortex
(postcentral gyrus of the parietal lobe), and the primary visual
cortex (calcarine cortex of the posterior occipital lobe) onto the
cerebral hemispheres. The primary auditory cortex is housed
in the superior temporal gyrus of the temporal lobe. Knowing
the locations of the motor cortex and these three primary sen-
sory cortices allows for a logical deduction of the functions of
the rest of the cortical surface as is discussed below.

The hemisphere contralateral to the side of handedness
is considered the dominant hemisphere (e.g., the left hemi-
sphere in a right-handed patient), and the hemisphere ipsilat-
eral ta the side of handedness is considered the nondominant
hemisphere (e.g., the right hemisphere in a right-handed
patient). Most patients are right-handed, so their left hemi-
sphere is the dominant hemisphere. Language dysfunction is
most commonly due to lesions in the dominant (wsually left)
hemisphere, whereas neglect (see “Attention” below) is most
commanly due to lesions in the nondominant (usually right)
hemisphere {causing left-sided neglect).

CORTICAL REGIONS (FIG. 7-1)

Parietal Lobes: Spatial Attention and Praxis
Attention

The parietal lobe regions bounded by the somatosensory
cortex anteriorly and the visual cortex posteriorly are ideally

Watershed (Borderzone) Territories

CLINICAL SYNDROMES ASSOCIATED WITH
CEREBRAL VASCULAR TERRITORIES

MCA Territery Infarction

ACA Territory Infarction

Anterior Choroidal Artery Territory Infarction
PCA Territory Infarction

Lacunar Strokes

Infarction in the Watershed (Borderzone) Territories

situated to combine visual and spatial information, playing
roles in awareness of the body in space, spatial reasoning, and
mathematical processing. The projection from the occipital
lobe superiorly to the parictal lobe (the dorsal stream) is
referred 1o as the “where” pathway: Visual information is
processed here to determine where things are in space with
respect to the body. Lesions here can cause neglect: The
patient is unaware of one half of the world, Neglect is more
common with lesions in the nondoeminant parietal lobe,
which is most commonly the right parietal lobe causing left-
sided neglect. Examination findings in patients with neglect
may include extinction to double simultaneous stimulation
(see Che 4), lack of awareness of deficits (anosognesia; ¢.g..
not acknowledging that a paretic limb is weak despite inabil-
ity to move it), and in severe cases, inability to recognize the
neglected body parts as one's own.

Lesions in the apgular gyrus of the dominant (wsually
left) parictal lobe can cause Gerstmann's syndrome: left-right
confusion, inability o count (acalculia), inability to name the
fingers (finger agnosia), and inability to write (agraphia).

Praxis

Parietal lesions can also cause difficulty performing a comples
learned action (apraxia). This can be demonstrated by asking
a patient o mime an action {e.g., “pretend you are taking outa
pack of matches and lighting one,” or “pretend you are brush-
ing vour teeth”). There are several types of apraxia:

53
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FIGURE 7=1 Schematic of the left lsteral surface of the brain shewing selected clinically important cortical regions. Adapted with
permissien from Wasman S Clinical Newroanatomy, 271h ed. New York: MeGrave-Hill Education; 2013,
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learned actions

Althouph these terms are commonty confused, their
nmames provide cloes to what they signify: Kinetic is difficulty
with movements themselves. Ideational s loss of the ides of
how to perform an adtion, and ideomotor is difficulty trans-
lating an fden into a mofor plan, The latter two 1y pes of dpraxia
are generally caused by lesions of the parietal lobe in the
domtrant (usually left) hemisphere.

Temporal Lobes: Recognition Memory

The temporal lobes are ideally located o combine sensory
input from olfactory, auditory, visual, and somatosensory
cortices. The temporal lobes are thus ideally suited 1o play
a role in recognition memory, since memories are internal
representations of sensory expericnces. Lesions of the medial
temporal lobes {including the hippocampus) can cause amne-
sia. The flow of visual information inferiorly to the temporal
lobe (the ventral stream ) is referred toas the “what pathway:”

visual information is processed here (o determine what things
are (recognition memory). The dominant (usvally left) infe-
rior temporal lobe houwses the visual word form area neces-
sary for reading, and the nondominant (usually right) inferior
temporal lobe houses the face recognition area. Inability to
read is called alexia and inability to recognize faces is referred
{0 a3 prosopagnosia,

Frontal and Temporal Lobes: Language

The inferior frontal gyrus lies in proximity to the auditory
and molor corlices and is adjacent to the premotor cortex for
the face. It is therefore ideally positioned to combine audi-
tory and motor functions for speech production. The infe-
rior frontal gyrus houses Broca's area lor speech production.
Wernicke's area for speech recognition lies at the junction of
the auditory coriex (superior temporal gyrus) and the parietal
cortex, where auditory regions are adjacent 1o parietal regions
involved in awareness of one's surroundings. In most right-
handed paticnts, language is localized 10 the left hemisphere,
and this is true in many lefi-handed patients as well. However,
in some patients {more commonly lefi-handed patients), lan-
guage may Iocalize to the right hemisphere. Lesions in and
around Broca’s and Wernicke's areas lead (o spccch distur-
bances (aphasia).

The ;:phusi:n' can be cu[-:guriz-:tl based on the patient’s
ability to produce speech, comprehend speech, and repeat
words and phrases (Table 7-1). In a pure Broca’s aphasia,
the primary deficit is in production of speech (nonfluent or
expressive aphasia), but the patient can generally still
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TABLE 7-1 Aphasias.

Broca's aphasia Impaired Preserved Impaingd Inferior frontal gyrus (Broca’s anea)

Transcortical motor aphasia Impaired Preserved Preserved AnterionSupedior 1o Broca's area

Wernlcke's aphasia Preserved Impalred Impaired Posterbor superior temporal gyrus (Wemicke's area)

Transcortical sensory aphasia Priesrved Impained Preserved Parigtal, posterior to Wernicke's area

Global aphasia Impaired Impakned Impaired Broca's and Wermicke's areas

Mixed vranscartical aphasia tmpaired Imnpakned Fresersed Extensive lesions often invalving middie cerebeal
artery-anterior cerebral artey (MCA-ACA] watershed reghon

Conduction aphasia Preserved Preserved Impaired Arcuate fasciculus

comprehend. However, patients with Broca's aphasia
may have difficully with comprehension of grammatically
complex phrases (e.g.. “The tiger was eaten by the lion,
Who survived?”). In the most severe Broca's aphasias, the
patient s mute. When less severe, the patient may have
effortful speech with frequent errors. Since comprehen-
sion is generally largely preserved in Broca's aphasia, the
patient is aware of and frustrated by the inability to speak.
In a pure Broca's aphasia, the patient cannot repeat phrases
stated by the examiner but can comprehend (ie., can fol-
low commands). If a patient has an expressive aphasia with
preserved repetition, this is called a transcortical motor
aphasia.

In pure Wernicke's aphasia, comprehension is impaired
(receptive aphasia), and although the prosady (melody and
rhythm) of speech is preserved (fluent aphasia), the content
is nonsensical, The patient cannot understand his or her own
nonsensical speech, and so may not appear concerned by the
deficit. In pure Wernicke's aphasia, a patient cannot repeat
phrases. [Frepetition is preserved in a receptive aphasia, this is
called a transcortical sensory aphasia.

If both production and comprehension are impaired, this
is called a global aphasia, Rarely, patients with both produc-
tive and receptive aphasia are still able to repeat what they
hear; a scenario called mixed transcortical aphasia.

Mote that all of the transcortical aphasias are character-
ized by preserved repetition, and named for the primary
language deficit: transcortical mofor aphasia is characterized by
a deficit in speech production (motor output), transcortical
sensory aphasia is characterized by a deficit in speech com-
prehension (“sensation” of speech), and mixed tramscorti-
cal aphasia is characterized by a mix of both expressive and
receptive aphasia.

If a patient’s only language deficit is repetition with
preserved comprehension and production, this is called a
conduction aphasia, since conduction between Wernicke's
area and Broca's area (via the arcuate fasciculus) is disrupted,

Sudden-onset aphasia is most commonly due 1o stroke
in the left middle cerebral artery territory, but can also
be due Lo a seizure or postictal state if the seizure activity

originates in or spreads to language regions. More subacute
development of aphasia can be seen with a left-sided chronic
subdural hematoma or a tumor affecting language regions.
Aphasia can also develop even more insidiously due to
neurodegenerative diseases such as primary progressive
aphasia (see Ch, 22).

In addition to regions involved in language and motor
control, the frontal lobes support executive functions includ-
ing working memory, decision making, abstract reasoning, and
emotional processing. Frontal lobe lesions can cause abulia
(decreased initiative, motivation, speech, and emotional
response), behavioral disinhibition, andfor impairments in
any of the above executive functions.

The higher order functions of the occipital lobes are
discussed in Chapter 6.

SUBCORTICAL STRUCTURES:
THALAMUS AND BASAL GANGLIA
(FI1G. 7-2)

The thalamus and basal ganglia are “islands” of gray matter
in the subcortical white matter, Both are nodes in a variety of
circuits that begin andfor end in the cortex, brainstem, and/
or cerebellum.

The Thalamus

The left and right thalamus are positioned on either side of the
third ventricle, just superior to the midbrain. The thalamus is
a collection of nuclei, most of which project to one or more
cortical regions (only the reticular nuclei do not project to the
cortex, but rather to other thalamic nuclei) (Table 7-2). Four
basic types of circuitry pass through thalamic nuclel en route
tor the cortex:

1. Sensory pathways. All sensory pathways synapse in the
thalamus, which transmits sensory information to the
respective sensory cortices. Smell is the only sensory
maodality that reaches the cortex before the thalamus
(transmitted directly to the olfactory cortex, which then
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4. Cognitionfemotion pathways. Corticocortical foops
pass through the thalamus, playing roles in diverse
cognitive functions. One such loop is the circuit of
Papez which participates i memory and emotion:
hippocampus—lornix—mamillary  bodies—anterior
nocleus of the thalamus—anterior cingulate-+entorhinal
cortex—hippocampus.

Individual thalamic nuclei can be affected by small
strokes (e.g. lacunar stroke in ventral posterior medial/ven-
tral posterior lateral [VPM/VPL] thalamic nuclel causing
contralateral sensory loss), Larger lesions of the thalamus can
cause decreased level of consciousness The thalamus is com-
manly affected by hypertensive hemorrhage, which alse often
affiects the adjacent posterior limb of the internal capsule,
leading to contralateral hemiparesisthemiplegia (in addi-
tion 1o contralateral hemisensory loss and depressed level of

consciousness due o thalamic involvement). Given its dif-
fuse connections with diverse cortical regions, lesions of the
thalamus are said to be able to "do anything” (i.e., cause any
type of deficit), including causing “cortical” signs (e.g.. apha-
sia, neglect, cognitive deficits) and eyve movement abnormali-
ties (in part due 1o effects on nearby midbrain pathways for
eye movements).

The Basal Ganglia

The basal ganglia include the caudate, putamen, globus pal-
lidus, and subthalamic nuclevs (see Fig. 7-2). The caudate
and putamen togelher are referred 1o as the strialum, and
the putamen and globus pallidus together are referred to
as the lenticular nuclei. The basal ganglia are part of cir-
cuits that initiate and coordinate movements, and dysfunc-
tion in the basal ganglia leads to movement disorders (e.g.,
Parkinson's disease; see Che 23). When the basal ganglia are
affected by cercbrovascular disease, the surrounding inter-
nal capsule is also often affected, causing the predominant
manifestation to be contralateral weakness, with movement
disorders being relatively uncommon in this scenario. One
exception is stroke of the subthalamic nucleus, which can
produce contralateral hemiballismus {unilateral ballistic
movements). Slower growing lesions involving the basal
ganglia (g, tumors, xoplasmosis) can cause contralateral
movement disorders.
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Function Tnput 5 Lo L]
Sensory nuchel

Ventral posterior lateral (VPL) Somatosensory Dorsal column pathway Posteentral gyrus
for body Anterolateral (spinothalamic) tacts (superior-medial)

Ventral posterior medial (VPM) Somatosensory Trigeminal pathways Postcentral gyrus (lateral)
for face

Lateral genleulate nucleus (LGN) Visual pathway Optic tracts Occipital lobes

Medial geniculate nucleus [MGN) Auditory pathway Inferior collicwlus Superior termporal gyrus

Pulvinar Visual attention Superior colliculus. Ocelipital and parietal corex

Motor nuwclei

Ventral anterior (VA) Moter cirouits Basal ganglia Motarfprematon/supplementary
FRETSs Cofes
Ventral lateral (WL} Motor circuits Basal ganglia Motor/premoton/supplementary
Cerebellwm (vi superior MOtor cortex
cerebellar peduncle)
Cognitlon, consclousnass, and arousal nuclel
Antarior Mamory Mamillothalamic tracts (Papez cir- Anterior cingulate (Papez’s clrcuit
and amotion cuit ariginates in hippocampus) ultimately projects back 1o
(Papez circuft) hippocampass)
Madiodorsal Cognition Cortex Cortex (except rethoular nuchel,
Centromedian Arousal Basal gandglia which project to other thalamic
Reticular Consclousness Reticular activating system nuchel)
Intralaminar Other thalamic nuclel
ARTERIAL SUPPLY OF THE |SCAs], anterior inferior cerebellar arteries [AICAs], and pos-
e : : . 1CAs]). whi b
CEREBRAL HEMISPHERES terior Llnt'-erlm'l cerebellar ":!'HI'LES _IP CAs]), which are dis
cussed in relation to the brainstem in Chapter 9.
(FIGS.7-3 AND 7-4)

The brain, brainstem, and cerebellum are supplied by arteries
arising from the paired internal carotid arteries (the anterior
circulation) and the paired vertebral arteries (the posterior
cireulation). The internal carotid arteries arise from the com-
mon carotid arteries, which themselves arise from the aortic
arch (from the brachiocephalic trunk on the right and directly
from the aortic arch on the left). Each carotid artery ultimately
gives rise to a middle cerebral artery (MCA) and an anterior
cerebral artery (ACA), and these arteries together supply the
majority of the cerebral hemispheres including the frontal
lobes, parietal lobes, and superior and lateral temporal lobes.,

Each internal carotid artery also gives rise to an oph-
thalmic artery (which supplies the retina) and an anterior
choroidal artery {(which supplies the posterior thalamus and
internal capsule).

The vertebral arteries arise from the subclavian arter-
ies, join to form the basilar artery at around the level of the
pontomedullary junction, and end by giving off the posterior
cerebral arteries (PCAs) at the level of the upper midbrain.
The PCAs supply the regions of the cerebral hemispheres not
supplied by the MCAs and ACAs: the occipital lobes and infe-
rior and medial temporal lobes.

Before giving rise to the PCAs, the vertebrobasilar system
gives off three paired circumferential arteries that supply the
Iateral brainstem and cerebellum (superior cerebellar arteries

The anterior circulation and posterior circulation are
linked by the posterior communicating arteries, and the
ACAs are linked by the anterior communicating artery.
These connections form the circle of Willis on the inferior
surface of the brain, which provides routes for collateral flow.
Mot all patients have a complete circle of Willis, and some
patients have anatomic variants, the most common of which
are introduced here. The clinical implications of some of these
varfants are discussed later in this chapter.

« Hypoplastic vertebral artery. Many patients have one
deminant vertebral artery and a smaller hypoplastic non-
dominant vertebral artery. When this occurs, the basilar
artery appears to swing o the side of the nondominant ver-
tebral artery, and the vertebral canal is smaller on the side
of the congenitally smaller vertebral artery. These features
help to distinguizsh a congenitally smaller vertebral artery
from a pathologically smaller one (e.g. due to dissec.
tion or atherosclerosis). In Figure 7-4A, the left vertebral
artery (on the right of the image) is dominant. the right
vertebral artery (on the left of the image) is nondominant,
and the basilar artery swings toward the nondominant
right vertebral artery (toward the left of the image), Note
that although it is common for the vertebral arteries to be
different in caliber, the carotid arteries should always be
symmetric. Any asymmetry of the internal carotid arteries
is therefore abnormal.



58 PART | Neurcanatomy and Neuroanatomic Localization

Left anterior
cerebral artery

Laft postaior
cerebral artery

Left middia
carebral arlery

Carotid siphon
Basdar artery

Lalt veriabral
arbiry

Loft intarnal
carotid artery

Latt cornman
_  carotid artery

Left subclavian
arary

Aorta

A

Anlefior communicating arbery

Imtarnal caratid artery

Antariar Gerabral
artery

Muddle cerebral
artary

Pasterior
communscahng
artery

Posterior
cenebral artery
Suparior
corgbellar arery

Basilar arlary
wilky ponting
branches

" Anterior inferior
i coerabellar artary

" Postanor inferiorn
cerabaliar arlery

Anterior spinal artary Left veriebral artery

FIGURE 7-3 Schematic of the blood supply to the brain. A: Frontal view of the cerebial circulation (as if looking at the patient: note that
the circumferential Branches of the vertebrobasilar system are not showin in this dizgram), Bz View of the inferior surface of the brain (and ante-
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from Wasman 5: Clinfcal Nedroomatamy, 27th ed: New Yorke MoGraw-Hill Edecation: 2013,

« Arypous ACA. In this varant, both ACAs emerge from a
common trank,

Fetal PCA. In this variant, the PCA arises from the internal
carotid artery rather than the top of the basilar. This variant
may occur unilaterally or bilaterally (Fig. 7-5).

Artery of Percheron. In this variant, a single artery from
ene of the PCAs supplies both'thalami (rather than an indi-
vidua! supply on each side).

-

»

The Vascular Territories of the ACA, MCA,
and PCA (Fig. 7-6)

Mouost generally, the ACAs and MCAs supply the anterior,
medial, and lateral aspects of the hemispheres, and the PCAs
supply the posterior and inferior aspects. On the cortical
surface, the MCAs supply the lateral surface of the frontal,
temporal, and parietal lobes, the ACAs supply the medial
surface of the frontal and parietal lobes; and the PCAs
supply the occipital lobes and the inferior temporal lobes.
Extending subcortically, the MCAs supply the majority of
the hemispheres, creating a trapezoidal shape in the axial

plane—anteriorly and medially to this trapezoid are supplied
by the ACAs, and posteriorly and inferiorly are supplied by
the PCAs {including the thalamus, which Is supplied by pen-
etrating vessels arising from the PCAs and posterior com-
mumnicating arteries).

Watershed (Borderzone) Territories

(Fig. 7-7)

The watershed (borderzone) territories are the regions at the
border of two anerial territories. The MCA-ACA and MCA-
PCA borderzones are the most commonly discussed bor-
derzones, but there is also a borderzone between AICA and
FICA, as well asa deep borderzone territory between the len-
ticulostriate branches of the MCA (penetrating from below)
and the leptomeningeal branches of the MCA (pencirating
from above). Although the common teaching is that border-
eone infarction is due to hypoperfusion, borderzane strokes
can also be caused by emboli; If the smallest possible emboli
travel as distally as possible before causing an occlusion, they
will arrive at the end-arterial territories, which are the border-
zones. So although borderzone infarction can certainly be due
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FIGURE 7-4 MR angiogram [MRA] of the intracranial arterial circulation, A: Frontal view (as if looking at the patient). B: Inferiar view

fas if looking up at the base of the brain from below)

o hypoperfusion, this is notalways the cause, and an embolic
o A l!Ll'?".' should also be considered as the et I:'llt:ﬂ.!‘," of barder-
zone inlarction I'|:~-|'| & ||'-1L':i.'.‘-:|l'l::'. *.!-i"--\.l.!‘.\ll.'l'l'l of |]1|'~ :1'|."!L. s

Caplan and Hennerici, 1998].

CLINICAL SYNDROMES
ASSOCIATED WITH CEREBRAL
VASCULARTERRITORIES

Any artery or arterial branch may be affected by ischemic
stroke, with corresponding symptoms related 1o the loca

tion and size of the infarct. The diagrosis and management off
stroke are discussed in Chapter 1%,

5 . -
MCA Territory Infarction (Fig. 7-8)

The MCA territory includes the majority of the cerehral
I"‘ii.'l'.!lih&ﬂ'll.‘l:q'. i:||-;_'||.:;||'.15 portions of 1he frontal, h"l:'||!|=r.'||. andd
parietal lobes with the exception of the anterior, medial, and

superior frontal lobes and the medial and superior parietal
lobes (supplied by the ACA). and the occipital and inferior
temporal lobes (PCA territory). The lunctional regions sup-
plied by the MCA therefore include the motor and premo-
tor regions, somatosensory cortex, the trontal eyve helds, the
language areas (found on the left in the majority of patients),
parictal regions responsible for spatial attention (right pari-
etal lestons may cause left-sided neglect); and the superior and
inferior radiations of the visual pathways as !l.‘ll."'\_\.' Piss I:|'ll':'||,l!,_[|'|.
the parietal and temporal lobes, respectively. Therclore, a full
teft MCA syndrome causes right hemiplegia and hemisensory
loss, aphasia, gaze deviation toward the left, and right hom-
onymous hemianopia, A full right MCA syndrome causes
left hemiplegia and hemisensory boss, left-sided neglect, gaze
deviation to the right, and left-sided homonomyous hemiano-
pia. Gaze deviation is discussed in Chapter 11 and visual field
deficits in Chapter 6.

The MCA stem is called the M1 segment of the MCAL The
MOCA stem gives off the lenticulostriate penetrating bravches
that supply the basal ganglia and internal capsule before
dividing into superior and inferior branches known as the M2
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FIGURE 7—-5 Fetal PCA. Axial CT angiogram (CTA) demonstral-
ing left PCA emerging from the left internal carotid anerny (arrow).
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ACA Territory Infarction (Fig. 7-10)

The ACAs supply the anterdor, superior; and medial frontal
lobes and the superior and medial parietal lobes—essentially
all efthe frontal and parietal lobes not supplied by the MCAs,
Duse to the position of the leg area in the motor homunculus
tmedial: see Ch. 4), ACA strokes cause contralateral leg weak-
ness and sensory loss more so than face and arm weakness and

sensory loss. ACA strokes can also cause cognitive changes
such as abulia, The ACAs are connected by the anterior com-
municating artery. Proximal to the anterior communicating
artery, the ACAs are labeled Al segments; distal 1o the ante-
rior communicating artery, they are labeled A2 segments,

I some patients, both ACAs arise from a common trunk
{azygous ACA). Occlusion of both ACAs simultaneously can
cause acute paraplegia, mimicking acute spinal pathology. The
presence of cognitive symptoms usually distinguishes bilateral
ACA infarction from acute spinal cord pathology.

The ACAs can also be compromised by subfalcine
herniation (see Ch. 25).

One typically learns that the MCA supplies the face and
arm areas on the lateral surface of the homunculus and the
ACA supplies the leg aren, so that MCA strokes cause contra-
Imteral face and arm weakness much more so than leg weak
ness, and ACA strokes cause contralateral leg weakness much
more so than face and arm weakness, This is true for strokes
affecting the cortical surface. However, the motor fbers join
subcortically and travel together, so a stroke that affects the
subcortical white matter pathways can cause a complete con-
tralateral hemiparesis or hemiplegia affecting the face, arm,
and leg (¢.g.. a lacunar stroke in the posterior limb of the inter-
nal capsule or a full MCA territory infarct affecting the cortex
and subcortical white matter).

Recurrent Artery of Huebner Territory Infarction

The recurrent artery of Huebner is 4 branch of the ACA that
supplies the head of the caudare and the adjacent internal cap-
sule. Infarction can cause contralateral hg_'|1|||1;| resis andfor
movement disorder, which may be accompanied by cognitive

deficits.

Anterior Choroidal Artery
Territory Infarction

The anterior choroidal artery branches directly from the
internal carotid artery and supplies the posterior thalamus
{including the lateral geniculate nuclens) and the internal
capsule (including descending motor and ascending thalamao-
cortical pathways). Infarction in the territory of the anterior
choroidal artery can cause contralateral visual field defects,
contralateral hemiparesis, andfor contralateral hemisensory
loss, and canalso cause cortical signs (e.g.. neglect if the right
hemisphere is affected) due to interruption of thalamocorti-
cal pathways.

PCA Territory Infarction (Fig. 7-11)

The PCAs supply the occipital lobes, inferior medial temporal
lobes, and the thalami. Depending on the extent of infarction
in the PCA territory, deficits can include contralateral hom-
onyvmous hemianopia or superior quadrantanopia (see Ch.
&), impaired short-term memaory (if there is medial tempao-
ral/hippocampal involvement), inability to read with spared
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ability to write (alexia without agraphia) (il there is left
inferior temporal involvement), decreased ability to recog-
nize faces (prosopagnosia) (if there is right inferior tempo-
ral invelvement), and/or changes in cognition and/or level of
arousal (if there is thalamic involvement).

The PCAs are connected to the anterior circulation by the
posterior communicating arteries. Proximal to each posterior
communicating artery, the PCA is called the P1 segment, and
distal to the posterior communicating artery, it is called the
P2 segment. In some patients, one or both PCAs arise from
the imernal caratids rather than the top of the basilar artery,
a variant referred to as a fetal PCA (see Fig. 7-5). Although
strokes in the PCA territory are generally considered pos-
terior circulation strokes, if a patient has a PCA stroke in
the setting of a fetal PCA, the stroke would be considered

to have arisen from the anterior circulation. This is impar-
tant to recognize in patients with PCA stroke and ipsilateral
carotid stenosis: A fetal PCA on the side of a PCA stroke and
carotid stenosis sugpests that the stenotic carotid is symp-
tomatic (see Ch. 19},

In some patients, the left and right thalami are both
supplied by a single artery that arises from the PCA,
referred to as the artery of Percheron. Occlusion of this
artery can lead to bithalamic infarction causing acutely
altered mental status, a rare global, rather than focal. stroke
syndrome (Fig. 7-12).

Lacunar Strokes

Lacunar strokes are caused by occlusion of small penetrat-
ing arteries affecting the subcortical white matter (imternal
capsule), subcortical gray matter (basal ganglia, thalamus
[Fig. 7-13]). or anterior pons. Lacunar stroke syndromes
include:

« Pure motor stroke: unilateral hemiparesis/hemiplegia due
tovinvolvement of the posterior limb of the internal capsule
or the anterior pons.

Pure sensory stroke: unilateral hemisensory loss due to
involvement of the VPLAPM nuclei of the thalamus.
Ataxia-hemiparesis: unilateral hemiparesisthemiplegia
(due to invelvement of the corticospinal tract) with ataxia
in the weak limb(s) due to interruption of the cortico-
pontocerchellar fibers destined for the middle cerebellar
peduncles (see Ch. 8). This can occur due to lacunar stroke
in either the internal capsule or the anterior pons, bath of
which are places where the corticospinal tract and cortico-
pontocerebellar fibers run together.

Dwysarthria-clumsy hand: dvzarthria and unilateral upper
limb ataxia; localization is the same as for ataxia-hemiparesis
(internal capsule or anterior pons).

Infarction in the Watershed (Borderzone)
Territories (Fig. 7-14)

The MCA-ACA watershed regions span the “stripes” at
the border of the two territories. Recalling the homunecu-
lus (Fig. 4-1]), the part of the motor homunculus supplied
by the MCA-ACA watershed region includes the proximal
arm and leg, which are joined at the shoulder and hip in
the homunculus. Therefore, infarction in the MCA-ACA
borderzone can cause proximal arm and leg weakness with
preserved strength distally in the hands and feet. When this
accurs bilaterally, it causes what is called the “person in a
barrel” syndrome since the distal arms and legs function
well but the proximal limbs are weak (simulating a person
in a barrel with the hands and feet sticking out).

The MCA-PCA watershed region is at the parieto-
accipital junction, When the MCA-PCA watershed region
is atfected bilaterally, the patient will often have deficits in
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A

FIGURE 7-8 McA infarct. Axial CT scan demonstrating full-territony lelt MCA infarct, ote spored areas Including: A: caucdate (supplied by
recurrent artery of Husbner), thalemus (supplied by PCAL ACA and PCA taritaries, as well as the medial temporal lobe (B). Mate also hyperdense
Ieft MCA in B (tee Ch. 19 for explanation of this signl,

FIGURE 7-9 mCA stem infarct. Axial diffusion-weighted MR FIGURE ¥=10 ACA iInfarct, Axial r.llffu!-il:ﬁ-w:ighted MRT (DWW
(DWW dermonstrating ischemic infarct in the territory of the MCA stem demonstrating ischemic infarct in the territory of the night ACA,
an the right.
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PCA infarct. Axial diffusion-weighted MRL{DWI) demanstrating ischemic infarct in the termitory of the left BCA. Note that this
erritory imvobhees not only the posterior occipita! lobe but also the thalamus [A) amc medial temporal lobe (B),

FIGURE 7=-12 Artery of Percheron infarct. Axial diffusion- FIGURE 7-13 Lacunarinfarct. Axial diffusion-weighted MRI
wesghted MR DW demonstrating ischemic infarct in the bilateral (DWI) demonstrating lacunar infarction in the right thalamus.
thalami due to occlusion of the artery of Perceheron,
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c

A

FIGURE 7-14 wWatershed [borderzone) Infarets. Axial diffusion-wéighted MR DWI demonstrating ischemic infarction in the border-
zones. Az Bilateral MCA-ACA borderrone infarciions, B: Bilateral deep borderzone infarctions, C; Bilateral MCA-PCA borderzone infarctions.
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Structure of the Cerebellum

flar Peduncles
. SUPPLY OF THE CEREBELLUM

The owput of the molor cortex I|ii1'||,| the L‘ld.jm;t,-nt premator
and supplementary cortices) is shaped by input from the basal
ganglia and cerebellum. The basal ganglia and cerebellum par-
ticipate in corticocortical loops that begin and end in motor
regions. The basal ganglia are involved in the initiation and
patterning of movements {(see Ch. 7), and the cercbellum is
involved in the coordination of mevements. Both structures
are also involved in cognition and eve movements. Lesions
af the cerebellum can lead 1o mcoordination of movements
(ataxia), imprecision of movements (dysmetria), difficulty
with rapid alternating movements (dysdindochokinesia),
truncal and gait instability. and difficulty with articulation of
speech (dysarthria). Due to cerchellar invalvement in ocu-
lomotor and vestibular function, cerebellar lesions can also
CUSE NYSTREMILES, 'l-'i."'f‘.!gﬁ. nausea, and vom i-“-“g-

ANATOMY AND FUNCTION OF
THE CEREBELLUM

Overall Structure of the Cerebellum

(Fig. 8-1)

Like the brain, the cerebellum has two hemispheres consisting
of a cortex, deep white matter, and deep gray matter (the bilat-
cral dentate, emboliform, globose, and fstigial nuclei). At the
midline, a cerebellar structure called the vermis lies between
the hemispheres. The midline vermis controls coordination
af the middle of the body, so pathology of the vermis leads to
truncal and gait instability. The laterally placed cerebellar hemi-
spheres contral the lateral parts of the body: the limbs. There-
fore, lesions of the cerebellar hemisphere can cause limb ataxia.
Lesions in the cerebellar hemispheres cause deficits in the arm
andfor leg ipsilateral wo the atfected hemisphere (in contrast 1o
lesions of the cerebral hemispheres which cause deficits in the
arm andfor leg contralateral 1o the affected hemisphere).

APPROACH TO ATAXIA

Distinguishing Cerebellar Ataxia from Sensory Ataxia
Differential Diagnosis of Cerebellar Ataxia

The left and right flocculi and the midline nodulus
(together referred to as the flocculonodular lobe) are anterior
cerebellar structures involved in vestibular function and eye
moverments,

The Cerebellar Peduncles

(Figs. 8-2, 8-3, and 8-4)

In erder to coordinate movements, the cerebellum must have
access 1o two types of information;

» What the brain wanis the body to do
« Where the body is in space

Alfter determining what needs to be done to get the body
froum where it is to where the brain wants it to go, the cerebel-
lum computes a plan and sends it back to the motor regions o
carry out the appropriate adjustments to coordinate ongoing
movenments.

To accomplish these goals, the cerebellum needs two
inputs {one with information about what the brain wants the
body to do, one with information about where the body is in
space) and one output (1o tell the brain how to guide further
movements). This information travels in the three paired
cerebellar peduncles (superior, middle, and inferior cerebellar
peduncles on each side], which are the conduits of infoerma-
tion into and out of the cerebellum. The cerebellar peduncles
should not be confused with the cerebral peduncles (the name
given o the cortivospinal tracts at the level of the midbrain).

Inferior Cerebellar Peduncles: Input From Below

The inferior cerebellar peduncles mostly carry input in
from inferiorly: The vestibulocerebellar tracts (vestibular
information about where the head isin space), spinocerebel-
lar tracis (proprioceptive information about where the body
is in spacel, and olivacerehellar tracts (involved in motor

67
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learning) all travel through the inferior cerebellar peduncles
to the cerebellum. The inferior cerebellar peduncles enter the
cerebellum at the most inferior level of the brainstem: the
medulla. All pathways traveling through the inferior cerebel-
lar peduncles project to the ipsilateral cerebellar hemisphere
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except the olivocerebellar tracts, which cross. There is one
minaor exception to the inferior cerebellar peduncles being
input pathways: The cerebellum sends output back to the
vestibular system and this passes through the inferior cer-
ebellar peduncles.
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FIGURE 8-1 Anatomy of the cerebellum. A: Schematic posterior view of the cerebelium, B: Schematic posterion view of the brainstem
with the cerebellum removied, demonstrating the thiee cerebellar peduncles. € Schematic anterior view of the cerebellum with the brainstem

removed,
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FIGURE 8-1 (Continued) D: Schematic midsagittal view of the cerebellum. E: T1-weighted MR, sagittal view. F: Schematic axial section of
the cerebellum at the level of the pons and middle cerebellar peduncle demonstrating the deep cerebellar nuciei. Reproduced with permission
from Martin J: Meurognatormy Text ard Atias, dth ed, New York: McGraw-Hill Education; 2012,

Middle Cerebellar Peduncles: Input From The
Cerebral Hemispheres

The middle cerebellar peduncles carry input [rom the cerebral
hemispheres to the cerebellum about what the brain wants the
bady 1o do. The corticopontocebellar fibers arise from motor
regions, descend with the corticospinal tracts, and cross in the
anterior pons to enter the contralateral cerebellum via the mid-
die cerebellar peduncles. The majority of fibers in the “bulge”
of the anterior pons are these crossing corticopontocerebellar
fibers en route 1o the middle cerebellar peduncles,

Superior Cerebellar Peduncles: Output Back
to the Brain

The superior cerehellar peduncles predominantly send infor-
mation superiorly, communicating the cerebellum's plan back
to the brain. The superior cerebellar peduncles exit the cerebel-
lum by way of the upper pons, and cross at the junction of the
upper pons/lower midbrain. Some crossed fibers synapse with
the red nuclews (contralateral to the cerebellar hemisphere of
origin}, while others continue to the ventral Bateral (VL) nuelens
af the thalamus {eontralateral to the cerebellar hemisphere of
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FIGURE B-2 schematic of the flow of infermation through
the cerebeliar peduncles.

origing, which projects 10 cortical motor regions. There is one
minor exception 16 the superior cerebellar peduncles being
E

outpul pathways: One component of the spinocerebellar

tracts (the ventral spinocerebellar tractsh enters the cerebellum
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body is ipsilateral: lesions of the lefi cerebellar hemisphere {con

nected with the right cerebrail hemisphere) cause lefi-sided defi-
cits and lssions of the ru':'_|ll cerebellar ]h.'r!'li'-}:llwrc [connected
with the lefi cerebral hemisphere) cause right-sided deficits.

All three cerebellar peduncles pass through the brainstem.
It would have been simple if each peduncle corresponded to
one level of the brain stem, but it does not quite work out this
way: the inferior cerebellar peduncles connect the cerebellum
and the brainstem at the level of the medulla, and the middle
and superior cerebellar peduncles both connect the cerebel-
lum and the brainstem at the level of the pons {mid-pons for
the middle cerchellar peduncle, and upper pans for the supe
rior cerebellar peduncle).

ARTERIAL SUPPLY OF THE CEREBELLUM

The vascular supply of the cerebellum comes from three pairs
of circumferential arteries that arise from the vertebrobasilar
svstemn: the superior cerebellar aneries (SCAs), the anterior

inferior cerebellar arteries (AICAs), and the posterior infe-
rior cerchellar aneries (PICAs). The 5CAs and AICAs arise
from the basilar artery, and the PICAz uzually arize from the
vertebral aneries. Since these blood vessels also supply the
brainstem, they are discussed in more detail with the vascular
supply of the brainstem in Chapter 9.

APPROACH TO ATAXIA

Ataxia may be present in the limbs if there is pathology
of the cerebellar hemispheres. This can be demonstrated
on finger=nose and heel-shin testing, and by testing the
patient’s ability to rapidly mirror the examiner's move-
ments (see "Examination of coordination” in Ch. 1). Gait
instability/ataxia may be present il there is midline cerebel-
lar (vermis) pathology.

When a patient presents with clumsiness, incoordina-
tion, and/or difficulty walking, the history and evaluation
must determing whethér such symploms are due to sensory
disturbances, weakness, or ataxia. If the problem is indeed
ataxia, it is important to note that the: lesion is not necessarily
cerebellar. The cerebellum is only as good as its inputs and
outputs. For example, a lesion affecting any of the cerebel-
lar peduncles can lead 10 cerebellar ataxia by depriving the
cerebellum of the inputs and outputs necessary 1o perform
its funclions. Alaxia can also be seen with disruption of the
corticoponlocerecbellar fibers in their descent in the internal
capsule or anterior pons, as demonstrated by the ataxia-
hemiparesis and dysarthria-clomsy hand lacunar syndromes
[see Chy 7). 11 the cerebellum does not receive adequate pro-
prioceptive information { from the inferior cerebellar peduncles),
it cannot adequately coordinate movements. Therefore,
problems anvwhere along the dorsal columin pathways {large
fiber neuropathy, sensory ganglionopathy, pathology of the
dorsal columns in the spinal cord) can’lead 1o a type of ataxia
known as sensory ataxia.

Distinguishing Cerebellar Ataxia From
Sensory Ataxia (Table 8-1)

Ataxia due to cerchellar causes may be accompanied by
additional cerebellar signs such as nystagmus (see Ch. 12),
titubation foscillation of the head and/for trunk at rest), and/
or dysarthria. Such findings should not be present if ataxia
is caused by sensory dysfunction due to newropathy, gangli-
onapathy, or dorsal column dysfunction (untess there is also
concurrent cerebellar pathology). If there is a sensory cliology
of ataxia, other sensory signs may be present such as dimin-
ished propricception and vibration sense and Romberg's sign.
If sensory dysfunction is due o peripheral nervous system
pathology (i.e., nerves, dorsal rool ganglia, or dorsal roots),
diminished or absent retlexes may be present.

Romberg's sign is commonly mistakenly attributed 1o
cerebellar pathology, but it is actually a sign ol impaired pro-
priceeption, Patients with severe cercbellar dysfunction are
often unable to stand with their feet wgether even with their
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TAEBELE 8-1 Distinguishing Cerebellar Ataxia From
Sensory Ataxia.
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Sensory Ataxia

“Learching’
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Rombang sign
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Cerebellar Ataxia

Intenticn tremar
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features ot

[Hyporeflexia or
areflexia if due

o peurepathy ol
ganglmnmrhy:

Gait Whdle based Wide based

eves open, fet alone closed. Patients with a deficit in proprio-

¥ on proprioception, 50
ce (Romberg sign).

F 1500y ataxia

CETEL Al

dr: 4% an

CF IMOY'E-

approaches the

leay ef finger in the same place and asks the patient
h from rose to fnger with
1o increasingly inaccu-
. i atient's visual compensa-
ilete relianee on proprioception, which is
impakred MsOTY alaxis:

fitional subtle sign of diminished proprioception
thal may be seen is psendoathetosis. Athetosis is a movemeni
disorder characterized by writhing movements (sec Ch. 23} In
a patient with diminished proprivception, when the patient’s
arms and hands are siretched out in front of her/him with
the eves closed (as in testing pronator drift), subtle writhing
plano playing-like movemenis of the fingers may be .nah:-.i_
Similar movements of the toes may be noted when testing for
Romberg's sign. These movements may be the digits trving to
“find themselves in space” without adequate pmpriu-uu.-pn_urn
10 serve that function, and are referred to as pseudoathetosis,

Differential Diagnosis of Cerebellar Ataxia

As with any neurologic problem, once localized, the differen-
tial dingnosis arises from an understanding of the time course
of symptam onset and evolution,

Hyperacule-onsel (over seconds to hours) of cerebellar
pathology can be caused by:

= Vascular causes: ischemic stroke, cerebellar hemorrhage
(see Ch. 19)
+ Acute toxicity: alcohol, cytarabine (see Ch. 24)

Acute- to subacute-onset (over hours to davs) of cerebellar
pathelogy can be caused by:

« Infection: progressive multifocal leukoencephalopathy
(see Ch, 20)
« Inflammatory causes:
« Postinfections cerebellitis: (most commonly seen in
children after a viral illness, most commonly varicella
infection)

« Flare of multiple sclerosis (see Ch. 21)

Subacute to chronic-onset (over weeks to months) of
cerebellar pathology can be caused by:

« Parancoplastic cerebellar degeneration, which can be asso-
chated with anti-Yo {ovarian and breast cancer), anti-Hu
{small cell lung cancer), anti-Tr (Hodgkin's lymphomal,
anti-Ma2 (testicular cancer), and anti-GAD (often nol asso-
ciated with a malignancy) antibodies (see Ch, 24)

Tumor: medulloblastoma (in children), metastatic tumor
{im adults)

Metabolic couses: vitamin E deficiency
Chronic-onset (over months to years) of cerebellar
pathology can be causad by:
« Chronic drug/toxin exposure: phenytoin, alcohol
« Degenerative etiologies
» Acquired: multiple systems atrophy cerebellar type
(MSA-C) (see Ch. 22)
« Inherited:
« Friedreich’s ataxia (autosomal recessive)
« Spinocerebellar ataxias (autosomal dominant)
. Ftugill’: X-associated tremor ataxia ﬂ‘ndfﬂ.“m{x.]inked]

Vascular, infectious, multiple sclerosis lesion-related,
and malignant etiologies of cerebellar disease wsually lead 1o
unitateral cerebellar dysfunction, whereas drug-related, meta-
bolic, degencrative, and non-multiple sclerosis inflammatory
etiologies {e.g., parancoplastic or postinfectious) more com-
monly lead 1o bilateral cerebellar dysfunction.

Most of these etiologies of cerebellar dysfunction are
discussed in Part 2 of this book except the inherited ataxios,
which are therefore discussed here,



Inherited Causes of Cerebellar Ataxia

Friedreich’s ataxig—This autosomal recessively inherited
ataxia affects the spinocercbellar tracts as well as the dorsal
columns, corticospinal tracts, and peripheral nerves. In addi-
ton o ataxia and sensory loss .:11,".'..']-:|p||'|g in young adule-
hood, most patients develop cardiomyopathy. The causative
mutation is in the frataxin gene (caused by GAA repeat),

Spinocerebellar ataxia—This term is applied to a growing
number (more than 30) of autosomal dominantly inherived
ataxias that are all charactérized by adult-onset ataxia, but
b have a variety of-additional features such as pyra-

al, extrapyramidal, or

ilave ;l:."\ll.:ml;l;n:-n, and/or new-

ehellar ataxia (SCA) is

COTNIMON Spinceer

ot i (Mach aseph disease), which causes. cerebellar

ratranent, :'h.'l.I:ill.:'.'.:Ih'!- L and; in some

ures (e, parkinsonism; see Ch. 23).
lie high fce ol SCA3 s in the Azores, and the catis-
nutation i e ATANI gene (caused by CAG repeat).

Fragile X

oclated tremor/ataxia syndrome (FXTAS)—
An adult-onset propressive ataxia called |'I.|.|_.'_i||.' X-associated
tremor/maxia syndrome (FXTAS) can be caused by muta
tions in the same gene (FAMRL) that causes fragile X syndrome
{a common cause of mental retardation in boys, accom
panied by dysmorphic facial features and large testicles).
FXTAS ocours in paticnts with a fewer number of trinucel-
otide (CGG) repeats than are necessary 1o produce fragile X
syndrome (e.g., in the parent or grandparent of a child with
fragile X svndrome), referred to as a premutation, As an
X-linked condition, the disorder most commonly occurs in
men, but can rarely occur in women in a milder form. Onset
of cerebellar ataxia begins most commaonly after age 50, and
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may be accompanied by parkinsonism andfor dementia. A
characteristic MRI finding is TZFLAIR hyperintensities in
the bilateral middle cerebellar peduncles (Fig. 8-5).

FIGURE 8-5. Axial FLAIR MR in fragile X-associated tremor
ataxia syndrome ([FXTAS) demonstrating bilateral hyperintensi-
ties in the middle cerebellar peduncles.



The Brainstem and
Cranial Nerves
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il Marve Nuelel
The Cerebhellar Peduncles

The Arterial Supply of the Brainstem

OVERVIEW OF BRAINSTEM ANATOMY

The three levels of the brainstem frem superior to infe-
rior are the midbrain, pons. and medulla. The midbrain
is just inferior to the bilateral thalami, and the medulla
transitions inferiorly into the cervical spinal cord. Most
simply, the brainstem can be thought of as a "spinal cord
for the head and neck”: Just as the spinal cord has sen-
sory information coming in and motor information going
out for the extremities and torso, the brainstem has sen-
sory information coming in and motor information going
out for the head and neck. In addition to somatic sensory
informatian, however, the brainstem also receives ves-
tibular, auditory, taste, and visceral sensory information.
Motor functions of the brainstem include control of ocu-
lar. pupillary, facial, laryngeal. pharyngeal. and visceral
musculature.

Understanding the brainstem requires a general frame-
work for what is there and wihere it is. As far as what is in the
brainstem, there are five general eategories of structures:

. The descending motor pathways for the extremities and
torso (corticospinal tracts; see Ch. 4)

L. The ascending somatosensory ]Ji,!lh"-'\-'i'l}'s from the
extremitics and torso (dorsal columns and spinotha-
lamie tracts; see Ch. 4)

3. The eranial nerve nuclei and associated structures

4. Connections with the cercbellum (the cerebellar peduncles;
sce Ch. 8)

5. The reticular activating system and ascending neurotrans-
mitter-specific projection pathways: substantia nigra
{dopamine), locus coeralens (norepinephrine), median
raphe nuclei (serotonin), pedunculopontine nuclei
(acetylcholine)

CLIMNICAL APPLICATIONS OF BASIC BRAINSTEM
ANATOMY

Crossed S5igns due to Brainstem Lesions
Medial versus Lateral Brainstem Syndromes
Locked-in Syndrome

As points of orientation for where structures are in the
brainstem, the following principles apply at all three levels of
the brainstem (Fig. 9-1):

The corticospinal tracts run in the arterior (ventral) aspect
of the brainstem.

The somatosensory pathways for the extremities and torso
move a bit over the course of their ascent, but are most often
posterior (dorsal) within the brainstem (with the exception
of the mid-medulla, where the medial lemnisci are medial
and extend anteriorly; see Ch. 4).

+ The cranial nerve nuclei are all posterior (dorsal).

« In general, the motor cramial nerve nuclei are closest to the
midline, and their cranial nerves emerge mediallyanteriorly
{CN 4 is an exception in that it exits posteriory).

« The motor cranial nerve nuckel innervating skelatal mus-
cle are at the midline: CHs 3, 4, and 6 {innervating extra-
ocular muscles) and CN 12 (innervating tongue niuscles).

« The motor cranial nerve nuclel innervating brarchial
muscles are more lateral: G 7 (facial muscles), CN 5
(jaw muscles), and CMHs 9 and 10 (muscles of the laryns/
pharynx)

The sensory and special sensory cranial nerve nucked are all

maore lateral than the motor cranial nerve nuclei: sensory

nuclei of O 5, vestibular and cochlear nuelei (CM 8), and
nuclens solitarius (for taste and visceral sensation)

The cerebellar peduncles all arise from the posterior/dorsal
brainstem (logically, since the cerebellum is posterior to the
brainstenm)

The ascending neurotransmitter-specific projection path-
ways are found throughout the brainstem, but the reticular-
activating system involved in maintaining arousal and
consciousness is at the level of the midbrain.

75
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The exceptions are as follows:

The 12 cranial nerves can be divided into three groupsoffour o ON | and CN 11 do mot connect with the brainstem,

that mostly correspond to the three brainstem levels with o

few exceptions dengted by asterisks:
= Midbrain: 1°-2.3.4

= Pons: 57.6-7.8°

» Medulls: 9-10-117_ 13

E—

from the pons = 57.6.7-8° schema: see Ch. 13),

= For CN &, the vestibular nuelei are in the medulla and the

cochlear nuclei are at the pontomedullary junciion,

* &N 5 has nuclei avall three levels of the brainstem {although
its fibers enter at the level of the pons as would be expacted



» N 2 can be considered a partial exception: Although CN 2's
main projections are the visual pathways, which do not proj-
ect to the brainstem (see Ch. 8), the afferent limb of the pupil-
lary light reflex is communicated by CMN 2 to the midbrain as
would be expected by the midbrain = 17-2-3-4 schema,

The Cerebellar Peduncles

The three cerebellar peduncles nearly correspond to the

three levels of the brainstem, with one exception (point 3 below;

secalso Fig. 8=3)

I. The inferior cerebellar peduncles connect the medulla to
the cerchellum:

cerehellar peduncles connect the pons to the

th things would have been simpler if the superior
peduncles connected to the midbrain to give
Dellar peduncles per brainstem level, the
ebellar peduncles connect the cerebellum to
the upper pons (en route o connections with the mid-
brain and thalamus).

anc p R

*LPETIOT C
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The Arterial Supply of the Brainstem

(Fig. 9-2)

The vascular supply of the brainstem corresponds to its
three levels, with one pair of circumferential arteries per level
of the brainstem:

1. Superior cerebellar arteries (SCAs) for the midbrain

2. Anterior inferior cerebellar arteries (AICAs) for the pons
3. Posterior inferior cerebellar anteries ( PICAs) for the medulla

These arteries all have "cerebellar™ in their names since
they not only supply the brainstem, but also the cerebellum
posterior to it, Most commonly, the SCAs and AICAs arise
from the basilar artery and the PICAs from the vertebral arter-
ies. The anterior spinal artery arises from the vertebral arteries
and supplies the medial medulla and anterior spinal cord. At
the level of the pons and midbrain, the midline basilar artery
supplies the medial brainstem through penetrating branches.

Tables 9-1, 9-2, -3 and 9-4 summarize the struclures
af the brainstem (Table 9-1), the afferent and efferent limbs
of the brainstem reflexes (Table 9-2), the cranial nerve func-
tions, associated nuclei, and skull foramina of entry and exit
(Table 9-3), and the cranial nerve nuclel (Table 9-4). Indi-
vidual cranial nerves and their associated pathways are dis-
cussed in more detail in Chapters 10-14.

CLINICAL APPLICATIONS OF BASIC
BRAINSTEM ANATOMY

Crossed Signs Due to Brainstem Lesions

Recall that the corticospinal tracts do not cross until the cer-
vicomedullary junction, the dorsal column pathways cross in

CHAPTER @ The Brainstem and Cranial Nerves Fri

the medulla, and the spinothalamic tracts eross in the spinal
cord (see Ch. 4). Therefore, throughout most of the brain-
sterm, lesions lead to contralateral weakness and/or sensary
symploms in the extremities. However, with the exception of
CN 4, all cranial nerves project ipsilaterally. Therefore, unilat-
cral lesions of the brainstem cause ipsilateral sensory andfor
molor symptoms in the face, but confralateral symptoms in
the body (crossed signs). For example, a lesion affecting the
left pons would cause ipsilareral (left-sided) facial weakness
(CMN 7} and contratateral {right-sided) arm/leg weakness (not-
yel-crossed corticospinal tract).

Medial Versus Lateral Brainstem
Syndromes (Fig. 9-3)

As discussed above, the descending corticospinal tracts are
anterior and medial throughout the three levels of the brain-
stem, and the motor cranial nerve nuclei for skeletal muscle
(CN 3, CNd, CN 6 CN 12) are posterior and medial and
their associated cranial nerves exit anteriorly and medially
{with the exception of CN 4, the only cranial nerve that exiis
posteriorly). The sensory and special sensory cranial nerve
nuclei are dorselateral in the brainstem. Therefore, lesions of
the medial brainstem cause predominantly motor symptoms
and signs, whereas lesions of the dorsolateral brainstem
cause predominantly sensory and special sensory symploms
and signs. Since the cerebellar peduncles are positioned on
the dorsal/dorsolateral aspects of the brainstem (and the
cerebellum is just posterior to the brainstem and supplied
by the same circumferential arteries), dorsolateral brainstem
pathology may cause cerebellar symptoms (e.g, ataxia, nauseal
vomiting; see Ch. 8).

For example, in the medulla, the schema to recall the
relevant cranial nerve nuclei is “9-10-11"-12" but we must
remove CH 11 {an exception), and add CN 5 (which has
nuclei at all levels of the brainstem) and the vestibular nuclei
(CH &), CM 12 innervates skeletal muscle, and zo0 its nuclei
are medial with the bilateral CN 12 exiting anteriorly and
medially. The branchial motor nuclei associated with CN 9
aned CM 10 are dorsolateral to the CH 12 nucleus. The sen-
sory nucleus of CN 5 (spinal nuclens of CN 5 see Che 13)
and the special sensory vestibular nuclei (CM 8) are dorso-
lateral to the nuclei of CN % and CH 10, Therefore, unilateral
miedial medullary infarction causes ipsilateral tongue weakness
(CH 12) and contralateral extremity weakness (due to involve-
ment of the not-yet-crossed corticospinal tract). In contrast,
lateral medullary infarction causes ipsilateral loss of facial
painftemperature sensation {spinal tract and nucleus of CH 5)
andd contralareral painftemperature sensation foss in the extrem-
itics (due to involvement of the already-crossed anterolateral
tract) as well as vertigo (vestibular nuclei), nausealvomiting
ane ataxia (inferior cerebellar peduncle and cerebellum), dys-
arthrin and dysphagia {nucleus. ambiguus), and ipsilateral
Horner's syndrome (descending oculosympathetic pathway;
see., Ch, 10), This constellation of hindings in lateral medullary
infarction is called Wallenberg's syndrome. Medial medullary
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e Yoric MoGraw-Hill Education: 2012

infarction ks caused by ovclusion of the anterior spinal artery,
and lateral medullary infarction is caused by occlusion of the
vertebral arterv or PICA.

Whien brainstem syndromes are caused by stroke, a lat-
eral syndrome generally suggests occlusion of a circumieren-
thal artery (SCA, AICA. PICA), whereas a medial syndrome
generally suggests occlusion of a penetrating branch of the
vertebrobasilar system (or the anterior spinal artery at the
level of the medulla), Pathophysiologically, a distal occlu-
s1on of a circumferential artery can sugpest embolism as the
mechanism, wherens a more medial stroke in the territory of

a penetrating branch from one of the vertebral arteries or the
basilar artery can suggest atherosclerosis (see Ch. 19).

Locked-in Syndrome

Enowing that the portion of the reticular-activating system
responsible for maintaining consciousness and arousal is in
the midbrain allows for an understanding of the locked-in
syndrome. 1f basilar occlusion occurs at the level of the pons,
the patient may have loss of all motor function controlled by
the pons (quadriplegia, bilateral facial weakness, horizontal




TABLE 9-1 Brainstem Structures.

CHAPTER 2 The Brainstem and Cranial Nerves

Cerebellar
Blood Supply Peduncles Cranial Nerve Nuclel Ascending Projections
Midbrain SCA S Basilar Protectal nuchod (CH 20 Retsciilar activating syitem
I':du'lg("!-'-'u"llls-u:lh:ll wrachei {CH 3} Substantis nigra (dopamine
Doulomator nuclel (C 3) Median raphe nug led {ser010nin)
Trochbear nueclel (CH4)
Mesencephalic nucte of CH 5
Pars Bazilar SAEpE i Muotar and principal sensory Lo coenideds nomepinephrine)
mvachei of CN S
Pedunoulopontine nuclel
Abducens nucked (CH &) {acetylcholing)
R Facial nuclel (EM 7) Median raphe nucle (serotoning
Micdle
Superior Salwatony nuche (CH 7)
Lachlear nuclei st pontomaecdallary
penciian (O 8)
[T F ebra Inferior Spinal tract/nucked af TN 5 Mdian rmphe nucled (serolonin)
Westibwlar nuclel (CiN B)
Mucheus solitarius (Cs 7, 9, and 10
inferior salivatary noclel (CMN 9)
Hucleus ambiguus (CMs & and 10§
Hypoglossal nuclei [CH12)
‘.l‘. A woe it 1 i ERAE ar arvery: C M cramsial neree: PRCA, poatenar infeckor cenebsellar attonys SCA, supensor cerebellan afieny
TABLE 9-2 Brainstem Reflexes. gaze palsy), but can still be awake and able to blink and look
= vertically if the midbrain and structures superor o it (e,
e thalami, cerebral hemispheres) are spared (due to collateral
Afferant Efferent flow through the posterior communicating arteries to the pos-
terior circulation distal to the ccclusion). This state is known
Pupillary Chd Ch3 as the locked-in syndrome since the patient is awake and con-
Jaw jork CM5 CH 5 scious but cannot commumnicate (except by blinking or nrov-
Cornaal CH5 7 ing the eyes upward). It is important to distinguish this state
cNs3 T from coma, since a locked-in patient is conscious {as com-
I 1] CHE Ms 34, and 6
“oulocaphalic 5 ]1,|;;-.;| 1o @ comatose patient, who 15 not},
Gag CHS CHO

CH, cranial nerve

A

FIGURE 9-3 axial diffusion-weighted MR of medial and lateral medullary infarction: A: Left medial medullary infarction, B: Lo lateral

medultary infarction
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TABLE 9-4 cranial Nerve Nuclei {Aside From Those Named for Their Associated Cranial Nerves].

| TSy Brainstem Level Functions) Cranial Nerve(s) (CN(s)) |

Edinger-Westphal nucleus Midbraln Pupillary constriction CH 3

Supaerior salivatory nudeus Pons Submandibular glands CNT
Sublingual glands
Lacrirmal glands
Nasal/palatal glands

Inferior salivatory nucleus Medulla Paratid gland CHa

Mucleus ambiguus Medully Laryngeal mausches Chs 9 and 10
Pharyngeal muscles

Nudeus selitarius Medulla Taste CNs 7,9, and 10
Vidcaral afferent CNs 9 and 10

CH, eranaa! nenve,



Pupillary Control and

C HAPTEHR

Approach to Anisocoria

Cranial Nerves 2 and 3

PUPILLARY CONSTRICTION: THE PARASYMPATHETIC
PATHWAY

Iimpaired Puplilary Constriction
PUPILLARY DILATION: THE SYMPATHETIC PATHWAY
Impaired Pupillary Dilation

Pupillary constriction is a parasympathetic function and
pupillary dilation is a sympathetic function ("wide eyed with
fear”). The puplls constrict in response to light and accom-
modation, and dilate in response to darkness and adrenergic
states, Pupillary asymmetry is referred 1o as anisocoria, and
can be cavused by a variety of newrologic and ophthalmalogic
conditions. Changes in pupil size can also be caused by medi-
cations, Miosis refers to an abnormally constricted pupil, and
mydriasis refers to an abnormally dilated pupil (mnemonic:
mydriasis is a longer word than miosis, and mydriasis refers to
the larger pupil size [i.c., dilated]).

PUPILLARY CONSTRICTION: THE
PARASYMPATHETIC PATHWAY
(FIG. 10-1)

Pupillary constriction in response to light involves the detec-
tion of light by the retina and transmission of that information
1o the brain by way of the optic nerves (cranial nerve (CN) 2).
Each CM 2 transmits light information to the pretectal nuclei
af the dorsal midbrain, which communieate with the Edinger-
Westphal nuclei of the dorsal midbrain, which in turn trans-
mit pupillary constrictor fibers to the oculomotor nerves (CH 3).
Each CN 3 synapses with the ciliary ganglion in each orbit,
and short ciliary neurons arising from each ciliary ganglion
innervate each iris. Each pretectal nucleus projects bilaterally
to both Edinger-Westphal nuclei so that both pupils constrict
in response to light input lrom either side. For example, light
shined in the left eye causes constriction of both the left pupil
{direct response) and the right pupil (consensual response)
and vice versa,

APPROACHTO ANISOCORIA AND OTHER PUPILLARY
ABNORMALITIES

Anisocoria

Bilateral Pupillary Abnormalities

Impaired Pupillary Constriction

Pupillary constriction to light can be impaired due 1o CN 2
tafferem) dysfunction, CN 3 (efferent) dysfunction, or lesions
involving the pretectal or Edinger-Westphal nuclei in the
midbrain.

Impaired Pupillary Constriction Due to a

Lesion of Cranial Nerve 2

If CN 2 i not functioning properly on one side (&g, optic
neuritis), no light will enter on that side, and so there will be
neither a direct (ipsilateral} nor a consensual (contralateral)
response to light shined on the affected pupil. However, since
CM 2 is functioning on the unaffected side and both CM 35
are functioning, both pupils will constrict in response to light
shined in the unatfected eve,

For example, il there is a lesion of CM 2 on the right
{and the right CM 3, left CN 2, and left CN 3 are all intact).
there will be no (or minimal) pupillary constriction in either
eye when light is shined in the right eve, but both pupils will
constrict when light is shined in the left eve (Fig. 10-2).
In the swinging flashlight test in this situation, one would
note bilateral pupillary constriction when light is shined in the
lefit eye, but bilateral pupillary dilation (back 1o normal size)
when light is shined in the right eye, since that light is not
“seen” on the right due to right optic nerve dysfunction. The
apparent dilation of the right eye after swinging the fashlight
from the left pupil to the right pupil is due 1o the fact that
the right pupil had constricted when light was shined in the
left eye, and is returning to normal size since it does not “see”
the light when the fashlight returns o the right eye. This is
called a relative afferent pupillary defect, and is a sign of ON

&3
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FIGURE 10-1 The parasympathetic pathway for pupillary constriction. Reproduced with permission from Aminoff M, Greenberg D,

Sman R Clirieal Neurology, Sthed. New Yorke MeGraw-HIll Education: 2075,

2 dysfunction (ie.. optic neuropathy; causes of oplic neuropa-

thy are discussed in Chapter 6).

Impaired Pupillary Constriction Due to a
Lesion of Cranial Nerve 3
If there is CN 3 dysfunction on one side and all else is work-
ing. the pupil on the side of the dysfunctional €N 3 will not
respond to light in either eve since its pupillary constrictors
cannot be activated. However, since €N 2 an the side of CN 3
dystunction i= still intact, light shined in the pupil on the side
of CN 3 dysfunction will be seen and will signal the constric-
tion of the contralateral pupil. For example, if there is lefi
CN 3 dysfunction, light shined in either eyve will cause right-
sided pupil constriction, but the left pupil will not constrict in
response 1o light shined in either eye since CN 3 §s not work-
ing on that side to “transmit the message” to the lefi pupil to
constrict no matter which eye has light shined in it

CN 3 also controls several extraocular movements
and eyelid elevation in addition 1o pupillary constriction

[see Ch. 11). Therefore, a complete CN 3 palsy will cause
multiple eye movement abnormalitics in addition to pupil-
lary dilationflack of response to light, However, since the
pupillary constrictor fibers run on the medial exterior of the
nerve, they can be compressed in isolation without caus-
ing eye muscle weakness (e.g., by posterior communicating
arlery aneurvsm, iumor, or uncal herniation). See Chapter 11
for further discussion of CM 3 palsy.

PUPILLARY DILATION: THE
SYMPATHETIC PATHWAY (FIG. 10-3)

Thie pathway for pupillary dilation begins in the hypothala-
mus, travels in the dorsolateral brainstem, and descends to
the lower cervical/upper thoracic spinal cord belore traveling
upward to the eye by way of the lung apex, and then along
the internal carotid through the neck and cavernous sinus en
roule 1o the orbit. This pathway has three components:
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c

FIGURE 10-2 The swinging flashlight test and relative afferent pupillary defect. When light is shined in the right pupil (A), there
is minimal reaction of the pupils on both sides. When light is shined in the left pupil (B), both pupils constrict. When the light is returmed

to the nght pupil (€}, the right pupil appears to dilate as compared to (Bl whenit returns to its normal size, When light is returned to the

left pupil (D), both pupils constrict. This patient has a right optic neuropathy. Reproduced with permission from Martin T, Corbett J: Practical

Neurcophthalmaology. New York: McGraw-Hill Education; 2013,

1. First-order neurons travel from the hypothalamus
through the brainstem to the intermediolateral column
(ciliospinal center of Budge).

I

Second-order (preganglionic) newrons travel from the spinal
cord over the lung apex to the superior cervical ganglion.

3. Third-order (postganglionic) neurons travel from the
superior cervical ganglion to the eye, traveling alongside
the internal carotid artery in the neck and cavernous
sinus.

Impaired Pupillary Dilation

Lesions along the oculosympathetic pathway can cause a triad
of findings called Horner's syndrome:

« Miosis: pupillary constriction due to impaired dilation

» Ptosis: drooping of the upper eyelid (usually mild in Horner's
syndrome). The sympathetic pathways innervate Miiller's
muscle (also known as the superior tarsal muscle), which raises
the eyelid (helping the eyes look “wide-eyed with fear”™ when
the sympathetic system is active). Decreased oculosympathetic
activity in Horner's syndrome leads to weakness in Miiller's
muscle, causing plosis. The ptosis in Homer's syndrome is
gencrally more subtle than that seen inCH 3 palsy. There may
also be slight elevation of the lower lid (again, the oye is less
“wide-eyed” with loss of sympathetic input)

Anhidrosis: decreased sweating on the face ipsilateral 1o
the lesion.

The fibers for facial sweating travel with the external
carotid, whereas the fibers to the pupil and eyelid muscles travel

with the internal carotid. Therefore, if Hormer's syndrome is
due to third-order neuron pathology (i, along the internal
carolid artéry or in the cavernous sinus), ptosis and miosis will
be present, but facial sweating will not be affected (except for
one small pateh on the medial forehead and medial nose that
may have impaired sweating because the sweating fibers that
supply these regions travel with the internal carotid),

If Horner's syndrome occurs due to pathology in
the first- or second-order components of the pathway
{hypothalamus-brainstem-spinal cord-superior cervical
ganglion]), there will be ipsilateral facial anhidrosis iﬂ.D-ng
with ptosis and miosis, since the facial sweating fibers do not
diverge until the third-order component of the pathway.

Horner's syndrome can be caused by pathology anywhere
along the oculosympathetic pathway, with common causes
including:

s AL the level of the first-order neuron:

« Lateral medullary infarct (Wallenberg's syndrome),
accompanied by nausea, vomiting. ataxia, vertigo,
dysarthria, dysphagia, ipsilateral diminished facial pain/
temperature sensation and’ contralateral diminished
bodily painftemperature sensation (see Ch. 9)

+ Al the level of the second-order neuron:

» Pathology of the brachial plexus, including trauma and
malignant compeessionfinfiltration (see Ch, 16)

« Malignancy at the lung apex (Pancoast tumor) or in the
headfneck

» Thoracic surgery {or chest tube placement)
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FIGURE 10-3 The sympathetic pathway for pupliiiary dilation. Reproduced with permission from Aminoff M, Greenberg D, Simon R:

Clinical Newrology, ot e Tork: MoGraw-Hill Education; 2015
« At the level of the thicd-order nevron
« Internal caronid artery dissection (see Ch. 19)
« Neck surpery
« Cavernous sinus pathology, usvally accompanied by
r:'.lt]ll['i:-.' deficits in ocular movements and/or numb-
nest in the upper face, since CNs 3, 4. and 6 and the
V; and V; branches of CX 5 also travel through the
CAVETnous sinus.

Depending on the symptoms and signs associated with
Horner's '\!u'l'idl’l}]‘l'tr.. r.uiiurngw tests are ordered 1o assess the
brain, brainstem. spinal cord, lung apex, andfor neck (including
vascular imaging to evaluate the internal carotid artery on the
affected sidel. If the eticlogy remains unclear, a series of phar-
macologic maneuvers with eve drops can aid in localization.

Pharmacologic Diagnosis of Horner's Syndrome

“The neurotransmitter at the final synapse between the ocu-
losympathetic fibers and the pupillary dilator muscle is nor-
epincphrine. Cocaine eve drops, apraclonidine eve drops. and

hydroxvamphetamine eve drops all have effects on norepi-
nephrine ransmission, and the responses of anisocoric pupils
tor these éve drops can help to determine localization of lesions
along the oculosympathetic pathway {Table 10-1).

Cocaine cye drops decrease norepinephrine reuptake,
aflowing more norepinephrine to stay in the synapse. This
dilates a normal pupil, However, in Horner's syndrome, no nor-
epinephrine is being released at this synapse, so there is nonor-
epinephrine reuptake to block, and the constricted pupil will not
dilate in response 1o cocaine. Therefore, in Horner's syndrome,
cocaine eve drops in both eves make the anisocoria more promi-
nent: the normal pupil dilates, but the pupil on the side of the
Horner's symdrome does not dilate (Fig. 10-4A-C), This con-
firms that a Horner's syndrome is present but does not localize
where along the pathway the problem is since cither the thind-
order neuron is nol releasing norepinephrine due Lo its own dys-
function, or it is not being stimulated 1o release norepinephrine
if there is first-order or second-order neuron dysfunction,

Apraclonidine eyve drops weakly stimulate the postsyn-
aptic norepl pephrine receptors. In Horner's syndrome due 1o
pathalogy at any level, norepinephirine is not being released at
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TABLE 10-1 Pharmacologic Localization in Horner's Syndrome.

Effect on Bath
Pupil With Sympathatic Pupils in Patient With
Maormal Pupil Dysfuntion Homer's Syndrome Localizing Value
Cocaine Dilates Does not dilate Anlsoconia worsens Confirms Hosnes s syndrome
Apracloniding No effect or Dilates. ANiSOCOna neverses Canfirms Horner's syndiome
miled dilation
Hydroxyamphetamine Dilates Does mod dilane if (Mot tested in both eyes) Distinguishes third-order
third-order lezlon Resian from first-order or

Dilates if first-order or second-

arder lesion

second: order lesion

the linal sy and so the postsynmaptic receptors become
wer time since they have been deprived of

n g normal pupil, there is no (or very little)
change in pupil size when apraclonidine is administered, but
ina chronicaily denervated Horner's pupil, the supersensitive
receptors are easily excitable by stimulation; so apraclonidine
causes the pupil o dilate. In Horner's syndrome, ifapracloni-
dine drops are administered to both eves, the Homer's pupil
dilates more than the normal pupil, leading to reversal of
the anisocoria (i.e.. the formerly smaller pupil is now larger)
(Fig. 10-4D=F). NMote that since supersensitivity lakes time to
develop, there will be no pupillary dilation with apraclonidine
i a recently developed Horner's syndrome. Like cocaine eye
drops, apraclonidine confirms that there is a Hormer's syn-
drome present but does not localize it.

Hydroxyamphetamine eyve drops cause norepinephrine
release from third-order oculosympathetic neurons. IF the
third-order neurons are the site of the lesion, there will be no
norepinephrine released since the third-order neurons are
not working. However, if the third-order neurons are intact
but are not receiving stimulation due to a lesion at the level
of the fArst-order or second-order nearons, the third-order
neurons will have a large amount of norepinephrine waiting
o be released, and hydroxyamphetamine will cause the pupil
tovdilate (Fig 10-4G-1). Theretore, hydroxyamphetamine eyve
drops can determine whether a Horner's syndrome is due to
third-order pathology or not, but cannot distinguish between
first-order and second-order lesions.

In sum, cocaine and apraclonidine eye drops can con-
firm the presence of Horner's syndrome but do not localize
it. Hydrexyamphetamine distinguishes whether the cause of
Horner's syndrome is third-order or not. No eye drop can
distinguish between first-order and second-order causes of
Horner's syndrome (Figs. 10-5 and 10-6).

hyperser

APPROACH TO ANISOCORIA AND
OTHER PUPILLARY ABNORMALITIES

Anisocoria (Table 10-2 and Fig. 10-7)

The first task in the diagnosis of anisocoria is to determinge
which pupil is abnormal: the smaller one or the larger one.

If pupillary asymmetry is more pronounced in darkness, this
suggests that the smaller pupil is the abnormal one: It has
not dilated adequately in darkness as it should have and the
normal pupil has dilated, exaggerating the difference between
them. [ pupillary asymmetry is mote pronounced in the light,
this suggests that the larger pupil is the abnormal one: 1t has
not constricted adequately in response 1w light as it should
have and the normal pupil has constricted, exaggerating the
difference between them (Fig. 10-7).

If ptosis is present on the side of the small pupil, this sug-
gests Hormer's syndrome. If prosis is present on the side of the
large pupil, this suggests CM 3 pathology (Table 10-2).

Anisocoria can be due to:

« CM 3 lesion (larger pupil abnormal); for example, due to
compression from posterior communicating artery aneu-
rvsm or uncal herniation (see Ch. 24},

Lesion along the sympathetic pathway {smaller pupil abnar-
mal; see “Impaired Pupillary Dilation” above).

Pharmacologic effect: ipratropium nebulizer blowing into
one eye and scopolamine patch (if patient touches patch

then touches eve) are both commen pharmacologic causes
of pupillary dilation.

Local iris pathology (e.g. pricr ophthalmologic surgery or
tranma)

Migraine,

« Seizure and postictal state,

» Physiologic anisocoria: a benign finding. In physiologic
anisocoria, both pupils usually react symmetrically, and
there is no difference in the appearance of the pupils in light
versus in dark.

Tonic pupil: a dilated pupil that constricts with accom.-
madation but not in response to light. which can be due

« Local ciliary ganglion pathology (e.g. orbital tumor or
trauma).

« Idiopathic, known as Adie’s pupil (mremonic: Adie's
pupil iz a dilated pupil). Adie’s pupil is more common in
young women and may be accompanicd by hyporeflexia,

With a tonic pupil, the pupillary constrictor muscle is
deprived of cholinergic input from the ciliary ganglion and
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FIGURE 10-4 The physiologic basis of pharmacelogic localization in Horner's syndrome. A-C: Cotaine ey drops in Homer's
syndrome. Az A normal pupdl dilates when cocaing eye drops are administered because norepinephrine reuptake is blocked. B-C: In Homer's
syndrome, the abnormal pupil does not dilate when cocaine eye drogs ane adminkitered, whether the lesion is preganglionic [first order or
second order (B) or postganglionic (third crdes) (€], D-F: Apraclonidine sye drops in Homer's syndrome. D: Apraclonidine has minimal eflect
on & normal pupll E=F:in Horner's syndrome, supersansitivity to norepinephrine leads 1o dilation of the pupil in response to apraclenidine,
whether the leston ks preganglionic (first order or second order) (E) e pestganglionic (third order) (FL G-Iz Hydroxyamphetamine eye drops
in Homers syndrome. Gt Hydroxyamphetamine causes dilation of a normal pupil. Hz In Horner's syndrome due to first-erder or secand-arder
leslons, hydraxyamphetarmine leads to pupsd dilation, I: In Hemer's syndrome die 1o third-order lesions, hydroxyamphetamine has no effect.
See text for explanations. Reproduced with permisslon fram Martin T, Corbent J: Bractical Neurcophthalmalogy. Mew York: McGraw-Hill Educa-

tion; F013.
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FIGURE 10-Z2 Cocaine and hydroxyamphetamine testing in Horner's syndrome. Az Right ptosis and micsis. B: After administration of
cocaing eye drops, the left pupil dilates but the right pupil does not dilate, confirming Hormer's syndrome on the night. C: After administration of
hydroxyamphetamine eye drops, the right pupll dilates. confieming functioning third-order newrons, lecalizing the problem to the first-order or
second-order neurons. D: Right ptosis and miosis, E: After administration of cocaine eye drops, the left pupil dilates but the right pupil does not
dilate, confirming Horner's syndrome. F: After administration of hydroxyamphetamine eye drops, the right pupil does not dilate, localizing the
problem to the third-order neurons, Reproduced with permission from Martin T, Corbett J: Practical Newroophthalmology. New York: McGraw-Hill
Education; 2013,

FIGURE 10-6 Apraclonidine eye drops in Horner's syndrome. A: Left prosis and miosis, B: Apraclonidine administration leads to
reversal of anisocoria (left pupsl now larger) as well as resolution of left ptosis. Reproduced with permission fram Martin T, Corbett X; Practical
Neursophthalmology. Mew York: McGraw-Hill Education; 2013,

TABLE 10-2 Pattern of Anisocoria and Ptoesis in Horner's Syndrome and Cranial Merve (CN) 3 Palsy

: Ptosis [If Prasent)
Anisocoria Worse in: Will Be on Side of: :
Horner's syndrome  Dark (Fallure of abnermal pupil to dilate) Smiall pupll (Prosis due to weakness of Miller's muscle; lower lid elevation

miay atso be present)
CHN 3 palsy Light [Failure af aingrmal pupil 1o constrict) Large pupil (Prosis due to weakness of levator palpebrag)
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FIGURE 10-7 Examining anizocoriain light and dark.

Az Anisccaria with the larger pupli on the patient's right. B: f the
anisororia is worke in darkness, this suggests that the smaller pupil
ion the patient’s left! has fatled 1o dilate and is the abnormal pupil
C: i the aniacaria is worse in light, this seggests that the larger pupil
on the pateni's rignts has failed 10 constrict and is the abnormal
pugll, D In physiclogic anisocoria, subtle anisocoria is generally
present in both light and dark. Reproduced with permission from
Fartin T, Corbett )z Praciicol Neurcophtholmelogy. Rew Yore:
MeGraw-Hill Education: 2013,

becomes supersensitive (just as with the pupillary dilator
muscle in Horner's syndrome that is deprived of norepineph-
ring; see discussion of apraclonidine eyedrops above). Pilo-
carpine eyedrops stimulate the supersensitive tonic pupils
leading to constriction more so than would occur in a nor-
mal pupil. Therefore, pilocarpine administered to both pupils
will cause the wonic pupil 1o constrict more than the normal
pupil, reversing the anisocoria (i.e., the larger pupil becomes
the smaller pupil}. If the pupil is large due to pharmacologic
effect as opposed 1o it being 2 1onic pupil, pilocarpine will not
have this effect.

Bilateral Pupillary Abnormalities

Bilateral pupillary dilation can be seen with:

= Bilateral CN 3 lesions

« Midbrain lesions

« Svmpathomimetic medications {e.g. amphetamines, cocaine)

Bilateral pupillary constriction can be seen with:

Pontine pathology

Opiate medications

Oid age

Syphilis. In syphilis, the pupils constrict to accommoda-
tiom but not 1o Bight, which is called Argyll-Robertson

pupils {(mnemonic:  Accommodates—yes, Reacts—no:
ArgVil- RobertsoM).

-

Dilated or constricted pupils can also be seen bilater-
ally with widespread sympathetic and/or parasympathetic
dysfunction as can be caused by awonemic neuropathy
[see Chi 27)
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EXTRAOCULAR MOVEMENTS I: MUSCLES

AND THEIR INNERVATION

EXTRAOQCULAR MOVEMENTS II: CRANIAL
MERVES 3, 4, AND &

Cranial Merve 3: The Oculomotor Nerve

CONTENTS

Cranial Merve 4: The Trochlear Nerve
Cranial Nerve 6: The Abducens Nerve

EXTRAOCULAR MOVEMEMTS lIl: SUPRANUCLEAR
CONTROL OF HORIZONTAL AND VERTICAL GAZE

Optokinetic Reflex

Each eye is moved by six muscles: four rectus muscles and
two oblique muscles. These muscles are controlled by three
nerves: cranial nerves (CNsg) 3, 4, and 6. These cranial nerves
all originate from brainstem nuclei that communicate with
one another through the medial longitudinal fasciculus
(MLF) to coordinate movements between the left and right
cyes. These nuclei are controlled by brainstem gaze centers
that coordinate the eyes to move together horizontally or
vertically, and these gaze centers are stimulated by cortical
eve fields. From the top down, the cortical eye fields stimu-
late the gaze centers in the brainstem, the brainstem gaze
centers communicate with the cranial nerve nuclei of CN
3, CN 4, and CM &, and CN3, CN 4, and CN & activate the
extraocular muscles.

The vestibular system also interacts with the eyes to coor-
dinate eye movements with head movements. This pathway
involves CN 8 and the cerebellum, and is discussed further in
Chapter 12.

C HAPTER

Horizontal Gaze

Vartical Gaze

Supranuclear Versus Nuclear/Infranuclear
Lesions Affecting Eye Movements

APPROACH TO DIPLOPIA

Alternate Cover Test in the Diagnosis of
Diplopia

The Maddox Rod in the Diagnosis of
Diplopia

EXTRAOCULAR MOVEMENTS I:
MUSCLES AND THEIR INNERVATION
(FIG.11-1 AND TABLE 11-1)

The six muscles that control each eve are the four rectus mus-
cles (superior, inferior, medial, Iateral) and the two oblique
muscles (superior and inferior). CN 4 controls the superior
oblique, TN 6 controls the lateral rectus, and CN 3 controls
the rest (superior, inferior, and medial recti and inferior
obligue). The principal eve movements performed by the rec-
tus muscles are easy to understand:

« Lateral rectus (CMN 6) moves the eve laterally (abducts)

+ Medial rectus (CN 3) moves the eye medially (adducts)

= Superior rectus (CN 3) primarily moves the eve superiorly
(elevanes)

+ Inferior rectus (CH 3) primarily moves the eye inferiorly
(depresses)

21
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Lateral recius

Inferior recius

inferior obligue

FIGURE 111 Schematic of the extraocular muscles ard eve movements. A: The attachments of the extrascular muscles on the left
eye, vigwed lterslly from the left side. B: The actions of the superior oblique as shewn from above on the right eve (see text): € Principal func-
tions of the extraccular muscles demonstrated for the right eye. Note that the superior oblique and infesior obiligue act miaximally 10 depress
and elevate the eye in the adducted position. Reproduced with permission from Aminofl M, Greenberg D, Simon R: Clindcol Neurology, Sth ed.

Wew York McoGraw-Hill Education; 2015.

The principal eve movements performed by the obligue
mupscles are siightly more complicated. In addition to mov-
ing up, down, left. and right, the eves can also rotate when
the head is tilted to either side. Rotation of the eve toward
the nosefmidling = called intorsion and rotation toward the
ear Is called extorsion. As the head i< tilted to the lefi and
the eves atlempt (0 maintain fixation straight ahead. the lei

evie must intort (turn toward the nose) and the right eve musi
extort (turn toward the ear). As the head is tlted 1o the right,
the right eve intorts and the left eve extorts. In sum, when the

head tilts to one side, the eye on the side 1o which the
head is tilted (bottom eye) intorts and the other eye (top
eye) extorts (Fig 11-2). This is important in undersianding
the sympioms and signs of a CN 4 palsy, which is discussed
further below.

Intorsion of the eye is the main role of the superior
obligue muscle. However, when the eye is fully adducted, the
superior oblique depresses the eve. To understand the actions
of the superior oblique, take your left hand and place it on the
crown of your head with your elbow sticking out to the left.

TABLE 11-1 Innervation and Actions of the Extraccular Muscles.

Innereation Principal Action Secondary Action Effect of Weakness
Superior rectus CN3 Elevation Intorsion in adducted position Impaired upgaze
Inferior rectus CH3 Depression Extorsion in adducted posithon Impaired downgaze
Medial rectus CN3 Adduction - Impaired medial gaze
Lateral rectus CHE Absdurction - Impaired lateral gaze
Superior ablique CH4 Intorsion Depression in adducted position Imgired intorsion
Impaired depression in
adducted position
Inferior cblique CH3 Extorsion Elovation in adducted position Imipaired extorsion
Imipaired elevation in

adducted pasithen
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Schematic of intorsion and extorsion of the
ayes with head tilting

Laok straighi ad. Your head now represents the right eve
and your arn presents the right superior oblique musche,
bent to represent the bend of the superior oblique
muscle i the pulley (trochlea) for which
CH ol (f.e., trochlear nerve). IF you pull with your
hand, this will tilt the head inward— this is intorsion. If you
turn vour head all the way to the left so you are ||thki.l'|1.: at
your elbow crease {adducting the right eye). now pulling with
vour hand causes the head 1o look down (depressing the eye).

The angle of the superior oblique allows for it to intort the eye
when the eye is midline or abducted, and 1o depress the eye
when the eye is adducted. The inferior oblique performs an
equal but oppesite function: extorsion of the eye when the eye
is midline or abducted, and elevation of the eye when the eye
isadducted.

The primary actions of the superior rectus and inferior
rectus are what would be expected based on their names:
superior rectus elevates the eve, inferior depresses it. How-
ever, these two muscles also perform rotatory functions. Just
as the superior oblique intorts the eye, the superior rectus also
contributes to intorsion; just as the inferior oblique exiorts
the eve, the inferior rectus also contributes to extorsion (mne-
monic o recall that inferior muscles extort and superior
muscles intort: [nfEXions will leave you SupliNe). Just as the
superior and inferior oblique perform their secondary actions
[depression and elevation) in the adducted position, the supe-
rior and inferior recti also perform their secondary actions
{intorsion and extorsion) in the adducted position.

EXTRAOCULAR MOVEMENTS II:
CRANIAL NERVES 3,4, AND 6

Al of the ocular motor nerves originate in brainstem nuclei
{CN 3 and CN 4 in the midbrain; CN 6 in the pons), and travel
in the subarachneid space, through the cavernous sinus, and
then into the orbit. Lesions causing dysfunction of these era-
nial merves can occur at one of four locations:

I, Mucleus or fascicle of CMs 3, 4, or 6 in the brainstem.
The term fascicle refers to the portion of a cranial nerve
that is still' in the brainstem Potential pathology in the
brainstem includes stroke, lumor, and demyelination.
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FIGURE 11-3 Schematic of a coranal view of the cavernous
sinus. Reproduced with permission from Ropper A, Samuels M,

Elein k Adams and Vietors Prnciples afHeurunloqy, 10th od. New Yark:
MeGrave-Hill Education; 2014,

CNs 3, 4, or 6. Trauma and nerve infarct are the most

common causes of isolated 3. 4, or 6 palsy. Trauma can

affect CHs 3, 4, and 6 because their length and course
render them susceptible to trauma. Merve infarct of CH

3, 4, or 6 is most commonly caused by diabetes. CNs

3, 4, and 6 can also be affected by skull base tumors,

aneurysms, subarachnoid hemorrhage, meningitis, and

Guillain-Barré syndrome (especially the Miller Fisher

variant; see “Guillain-Barré syndrome™ in Ch. 27).

3. Cavernous sinus, CNs 3, 4, and & pass through the cav-
ernous sinus along with the V; and V; branches of the
uigmﬂn:ﬂl nerve (Fig. 11-3). Potential pdlhulog‘_-' here
includes cavernous sinus thrombosis, carotid-cavernous
fistula, pituitary tumors or pituitary apoplexy, and Tolosa:
Hunt syndrome (an idiopathic inflammatory condition of
the cavernous sinusl.

4. Orbit, When CMs 3, 4. and/or 6 are affected in the orbit
the optic nerve is also often affeeted (this is not the case
with cavernous sinus pathology since the optic nerve does
not pass through the cavernous sinug). Potential orbital
pathology includes tumors, infections (orbital cellulitis),
and orbital preudotamor (an idiopathic inflammatory
condition of the orbit).

[ 2%

Cranial Nerve 3: The Oculomotor Nerve

CH 3 originates in the medial dorsal midbrain and exits the
midbrain anteriorly, It travels along the medial skull bage,
passing adjacent 10 the medial temporal lobe, through the cay-
ermous sinus, and into the orbit. CN 3 innervates:

Superior rectus, medial rectus, inferior rectus, and inferior
ablique (all extraocular muscles excepl superior obligue
[innervated by CM 4] and lateral rectus |innervated by
CHM al)

Levator palpebeae, which elevates the eyelid
Parasympathetic fibers to the pupil, which constricy it (see
Ch. 100
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FIGURE 11-4 Right pupil-sparing third nerve palsy (due to diabetiec €N 3 infarct). The patient has ptasis of the right eye with the eye
“diovwm and out” {EL There is impaired adduction (€, F, Ik impaired elevation (&, B, C), and impaired depression (G, H, 1) of the right eye. Abduc-
tion H spared (A, D, G). Sparing of superior obligue function i difficult to observe in the setting of impained adduction. Reproduced with permis-
ston from hartin T, Corbett 1 Practical Mewroophtholmalogy, Mew York: MoGraw-Hill Education: 2013,

fete third nerve palsy (Fig. 11=4) causes:

A comp

&

four supplied muscles, leaving the oye
z town due to the unopposed action of the
(CN 4) and out due to the unopposed
1l rectizs (CN 6)
mng plosis
¢ input to the pupil leading to
pupillary dilation (mydriasis)

Drue to the way the ditferent Gibers ron in the third nerve,
partial lesions of the third nerw
in isolation or the ocular motor fibers in isolation, The pupil

can affect the pupillary fibers

lary fibers run an the medial exterior part of the nerve, whereas
the oculomotor fibers run on the inside of the nerve. A lesion
camplesing the third nerve affects the outermost fibers first,
whilch can lead to impaired pupillory constriction with no
extrancular muscle dysfunction (or preceding the develop-
ment of extrancular musele dysfunciion). On the other hand,
an ischemie nsult to the nerve will affect the innermost fibers
supplied by small penetrating vessels, and can cause extraoc-
ular dysfunction with sparing of pupillary reactivity. This is
called & pupil-sparing third nerve palsy (Fig. 11-4),

Compressive lesions thay can affect CN 3 causing isolated
{or initially fsolated | pupillary dilatation without eye movement
abnormalitics include posterior communicating artery ancu-
rysis, skull base tumors, and uncal herniation. Pupil-sparing
third nerve palsy is most commonly due 1o nerve infargt caused
by diabetes, which usually resolves over months, Pupil-involv-
ing third nerve palsy requires urgent neeroimaging to evaluate
for aneurysm or other intracranial mass lesion. When the pupil
is not involved in an otherwise complete CN 3 palsy, neuroim-
aging can be deferred, although in practice it is often obtained
in this scenario as well,

Each CN 3 nuclear complex in the dorsal midbrain has
several subnuclei; one for each extraocular muscle (superior
rectus, inferior rectus, medial réctus, inferior oblique). The
Edinger-Westphal nuelei provide parasympathetic input for
pupillary constriction. The levator palpebrae muscles (which
elevate the eyelid) are supplied bilaterally by a single nucleus
called the central eaudal nueleus. The central caudal nucleus
projects bilaterally to allow for symmetric blinking. The supe-
rior rectus subnucleus of each third nerve nucleus projects
contralaterally, and the crossing fibers pass in close proxim-
ity to the contralateral CN 3 nucleus. Therefore, a very small
focal lesion of the entire third nerve nuclear complex on one
side will cause ipsilateral impairment of all third nerve func-
tions and bilateral involvement of the superior rectus, Lesions
of the third nerve nucleus cause bilateral superior rectus weak-
ness because the affected superior rectus subnucleus projects
contralaterally {causing contralateral impairment of upgaze),
and the crossing fibers projecting from the unaffected contra-
lateral superior rectus subnucleus pass in close proximity to
the affected nuclews, causing involvement of the eye ipsilateral
tor the side of the nuclear lesion. If the adjacent central caudal
nucleus in the dorsal midbrain is also involved, this will cause
bilateral prosis.

‘The fascicle of each CN 3 travels anteriorly in the mid-
brain in proximity to the red nucleus, substantia nigra, and
descending (not-yet-crossed) corticospinal tract before exit-
ing as the third nerve itself, Fascicular lesions cause the same
ocular findings as nerve lesions (without any contralateralf
bilateral findings as can occur with lesions of the nucleus),
and mav be associated with contralateral motor symploms/
sigmns {Weber's syndrome) due 1o the not-yet-crossed cori-
cospinal tract, contralateral movement disorder {Benedike's
syndrome) due 1o involverent of the substantia nigra, andfor
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contralateral tremor andfor contralateral ataxia (Claude’s
syndrome) due to involvement of the red nucleus and crossed
superior cerebellar peduncle (coming from the contralateral
cerebellar hemisphere; see Ch. &),

Cranial Nerve 4: The Trochlear Nerve

CHM 4 originates in the dorsal midbrain and is the only cra-
il nerve to exit posteriorly and the only cranial nerve that
croszes 1o project contralaterally. I innervates one muscle,
the superior obligue. Like CN 3 and CN 6, it is susceptible
ta trauma and diabetic nerve infarct (although diabetic nerve
infarct occurs léss commaonly in CN 4 than in CH 3 or CN 6).
CH & can al=a be compressed by dorsal midbrain pathology

ad is tilied to one side, the eve that intorts is

n the side of the head to which the patient is tilting the
head (for example, iFthe patient dits the head to the lefi, the left
eve must intort, rotating equal and opposite 1o the direction that
the head is tlting). When intorsion is impaired due to a CN 4
palsy, double vision (diplopia) occurs when the head is tilted
foward the affected side since that eye cannot intort to maintain
fixation. Therefore, the patient’s preferred head position is to tilt
the head away from the affected side to keep the eyes aligned. In
a left CM 44 palsy, a patient's double vision will worsen when tili-
ing the head to the left, and so the patient will prefer to keep the
head tilted 1o the right. In a right CN 4 palsy, a patient’s double
vision will worsen when tilting the head to the right, and so the
patient will prefer to keep the head tilied 1o the lefi.

thex

Patients with CN 4 palsy have vertical double vision that
iz worst in downgaze when looking away from the side of the
affected eye (e.g., looking left if the right eye affected). This is
because looking away from the side of the affected eye puts the
affected eye in adduction, the position in which the superior
oblique functions to depress the eye. When placed in the posi-
tion that most needs the superior oblique (down and in), CN 4
dysfunction will be most evident, leading to double vision that
is worst in this position (Fig. 11-5),

In summary for superior oblique palsies, the patient tilts
the head away from the side of the palsy, and the diplopia
worsens with downgaze away from the side of the affected eye
(ie., affected eve in adducted position), The trochlear nerve
is the only cranial nerve that crosses, and as a mnemonic, its
deficits can also be thought of as “crossed”: The head tilts away
fram the side of the superior oblique palsy, and diplopia wors-
ens when looking away from the side of the superior oblique
palsy (i.e., adducting the affected eve).

Cranial Nerve 6: The Abducens Nerve

The abducens nuclei reside in the dorsomedial pons, and the
bilatéral CN & run from their nuclei through the anterior
pons, exit anteriorly, and then pass over the clivus, through
the cavernous sinus, 1o the orbits.

An abducens palsy leads ta faflure to abduct the affected
eye (Fig. 11-6). Abduction weakness causes horizontal diplo-
pia that worsens when looking toward the side of the abduction

FIGURE 11-5 schematic of right fourth nerve palsy. The right eye appears higher a1 baseline due to impaired depression (A), Degires-
sion of the eye Is most impatred when loaking away from the side of the affected eve, placing the affected eve in the adducred position (B), with
loss duficit when looking teward the affected side (affected eye abducted) (C). When the head is thied toward the side of the affected éye, the
affected eye cannot intort as it normally would, leading 1o ingreased dyscanjugate gaze (D). When the head tilts away from the affected side, the

Eyes are aligned since extorsion is preserved (E). Reproduced with permissian from Amincff M, Greenberg D, Simen R: Clinical Neurslogy, 9th ed,
Mew York: McGraw-Hill Education; 2015,
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FIGURE 11-6 Right sixth nerve palsy (due 1o diabetic Ch & infarct). The patient's right eye is dlightly medially deviated at baseline (B) and
the patient is unable to abduct the right eye (AL Leftward gaze s preserved (C). Reproduced with permission from Martin T, Corbett J: Proctical

Neuroophthalmology. New York: MoGraw-Hill Education; 201 3.

deficit (e.2., a right-sided CN 6 palsy will cause diplopia when
looking to the right. which requires right eyve abduction). 1f
there are no other cranial nerve or extraocular muscle defi-
¢its, looking away from the side of the deficit should lead to
complete resolution of double vision, since adduction and
contralateral éve abduction are spared. 1f a CN 6 palsy causes
complete paralysis of the lateral rectus, the affected eye may
bemisaligned medially at rest with no lateral movement of the
eve on attempted gaze toward the affected side. With partial
weakniess, the eve may be able to abduct onlby partially, allow

ing some of the lateral sclera to remain visible on attempted
lateral gaze (called inability to "bury the sclera

CX 6 has ¢ g and tortoons intric I
takes it over the clivus, Like CNs 3 and 4, the length of CN
& e 1ot T M 6inkarct,. most com

M 2, localization

: considered, Involvement of CNs 3, 4, and/

& lecalization in the orbit

EXTRAOCULAR MOVEMENTS Ili:
SUPRANUCLEAR CONTROL OF
HORIZONTAL AND VERTICAL GAZE

The ccular motor nuclei of CNs 3, 4, and 6 for the two eyes
mitzst be coordinated for conjugate binocular movements such
as horizontal gaze, ventical gaee, convergence, and divergence.
These conjugate movements are under the control of gaze
centers in the brainstem, which in turn are under the control
of higher cortical centers.

Rapid conjugate eye movements to a target are called
saccades, which are tested by having the patient look rapidly
from one place 1o another (for example, from the examiner's
nose (o the examiner's finger held out to one side or above
or below the eyes). Conjugate eve movements that track an
object are called smooth pursuit movements, which are tested

by asking the patient to follow the examiner’s finger. Saccades
may occur voluntarily (a conscious decision to look at some-
thing), or can oceur involuntarily (e.g., eyes move reflesively
in the direction of a loud noise). The frontal eye fields initiate
intentional saccades, and the parietal eye fields are invalved
in reflex saccades and smooth pursuit. This is logical if ane
recalls that intentional actions originate in the frontal lobes,
whereas spatial attention is supported by the parietal lobes
(see Ch. 7).

Optokinetic Reflex (Fig. 11-7)

Ihe saccadic (frontal) and smooth pursuit (parietal) sys-
tems can be tested by evalualing the optokinetic reflex. An

L

Smooth pursu.ﬂjjﬁh-

5

qﬂi ‘Saccade

|

|
¢l V7

e

EIGURE 11-7 Schematic of optokinatic nystagmus induced
by OKN drum. Az OKN drum rotated toward patient's right leads 1o
right-ward smooth pursuits and left-ward saccades (B), Reproduced
with penmission from Martin T, Corbett & Practical Neursaphthaimalogy.
Mew York: McGraw-Hill Education: 2013,
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optokinetic nystagmus (OKM) strip typically has vertical
alternating white and red stripes, and an OKNMN drum typi-
cally has vertical alternating white and black stripes. When an
QKM strip is moved across the visual field in one direction (or
an QKN drum is rotated in one direction). the eyes follow it
in the direction it is moving. However, in order for the patient
to continue following it, the patient must make saccades in
the direction oppeosite the direction of movement of the strip/
drum (like when watching trees pass by out of the window of
a train). For examplé, when moving the OKN strip from left to
right (or spinning the OKN drum from left to right). the eyes
follow smoothly to the right with interrupting saccades back
to the feft. The pursuit in the direction that the OEN strip is
yfdrun s turping is hllp]krrtuﬂ h}" the eriL‘t:‘ﬂ labe ipsi-
o the divection that the strip is moving/drum is turn-
imgz (i this example, the right parietal lobe supports rightward
smooth pursuit when the OKN strip is:moving to the right).
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The saccades in the opposite direction from the direction
of motion of the OKN strip/drum (lef in this example) are
supported by the frontal lobe ipsilateral to the direction of
movement of the OKN strip/drum (in this example, the right
frontal labe generates lefiward saccades when the OKN strip
is moving to the right).

In addition to utilizing optokinetic nystagmus to local-
ize frontal versus parietal lesions, the optokinetic reflex is vy
hard to inhibit and. therefore, may be used 1o distinguish psy-
chogenic blindness from true visual loss.

Horizontal Gaze (Fig 11-8)

The signal to voluntarily move the eyes comes from the fron-
tal eve fields. Just as each hemisphere controls the contralat-
eral side of the body and zees the contralateral visual field, the
frontal eye fields send the eyes to the contralateral side: The

Right Frontal
Eya Field

Midbrain

Right

FIGURE 11-8 schematic of the pathway for conjugate horizontal gaze to the left, See text for explanation, PPRF: paramedian pontine
reticular formation. ViN: vestibular nucleus. MLF: medial longitudinal fasciculus. Reproduced with permission from Ropper A, Samuels M, Klein J:
Adams and Victor's Principles of Neurofogy. 10th ed. New York: MoGraw-Hill Education; 2014 y



98 PART I Neuwroanatomy and Newroanatomic Localiration

left frontal eve field sends the eves to the right, and the right
frontal eve field sends the eves to the lefi,

Horizontal gaze requires synchronizing the eves for
conjugate movements, For example, to look to the left, the
left evie must abduct (left lateral rectus controlled by left CN
6} and the right eve must adduct {right medial rectus con-
tralled by right CN 3). To achieve conjugate horizontal gaze,
there must be a communication between the CN 6 nucleus
on one sde and the CN 3 nucleus on the other. This com-
munication is the medial longitudinal fascicalus {MLF). a
tract that conmects each CN 6 nucleus with the contralateral
CN 3 nucleus.

The MLF crosses from the CN 6 nucleus en route to the
contralateral CH 3 nuclens almost immediately, spending
most of its course contralateral to its point of origin. For this
reason, the MLF is named for the side of the CN 3 nucleus
with which it connects rather than the CX 6 nucleus from
which it originates: The feft MLF travels from the right CN
& nucleus 1o the left CN 3 nucleis, and the right MLF travels
from the left CN 6 nucleus to the right CN 3 nucleus.

“The frontal eye ficlds donot communicatedirectly with the
cranial nerve nuclel but rather through horizontal and vertical
gare centers. These are the centers that communicate with the
cramal nerve nuclel, which in torm communicat

other 1o svn

¢ with each

Ironize conjugate evemovements. The horizon-
he paramedian pontine reticular forma-
tson (PPRF) There is o left PPRF in the left pons for leftward
aht PPRF in the right pons for rightward gaze.

for horizontal gaze is from frontal

gare and a

A B

eve fields—rcontralateral PPRF—CN 6 nucleus—rcontralateral
CH 3 nuclens (via MLE).

For example, 1o look to the left, the left eve must abduct
{lefit lateral rectus controlled by left CN 6) and the right eye
must adduct (right medial rectus controlled by right CN 3)
The initial signal to intentionally move the eyes comes from
the right frontal eve field and crosses to connect with the lefi
PPRF, which is adjacent to the left CN 6 nucleus. The left
FPRE signals the left CN 6 nucleus to activate the left lateral
rectus, The lefi CN 6 nucleus simultaneously communicates 1o
the contralateral (right) CM 3 nucleus by way of the right MLF
to signal the right Ci¥ 3 to activate the right medial rectus, A
lesion of the right frontal eye ficld, the left PPRF, or the lefi
CN 6 nucteus would, therefore, all lead 1o impaired left gaze in
both eves. Both eves are affected because the problem is with
gaze in a particular direction rather than a problem with an
individual nerve or muscle. In contrast, a lesion of the abdu-
censnerve (CN ) itself would preclude lateral movement of
that eve, but on attempted lateral gaze, the contralateral eye
wiold still be able to adduct,

Conjugate Horizontal Gaze Abnormalities

(Fig. 11-9 and Table 11-2)

A patient with a large middle cerebral artery (MCA ) stroke that
atfects the frontal eve field will have gaze deviation toward the
hemisphere of the stroke, which is away from the side of the
hemiparesis. For example, a large right MCA stroke can canse
lefi hemiparesis and right gaze deviation with inability to look
1o the Iefi. In comtrast, patients with unilateral pontine stroke

c

FIGURE 11-9 Gaze deviation in stroke and seizure. A: Gaze deviation in right MCA stroke. The patient has raht gaze deviation and a left
Femiparesis. B: Gaze deviation in right pantine stroke: the patient has lefi gaze deviation and a left hemiparesis, C: Gaze deviation in focal sei-
Fure orginating in the right hemisphere: the patient has left gaze deviation and left-sided tonie-clonic mavements. Repraduced with permission
Fram Aminolf M, Greenberg D. Simon R: Clinical Neurology, 9th ed. New York: McGraw-Hill Education; 2015,
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TABLE 11-2 Gaze Deviation in Stroke And Seizure.

Hemispheric Stroke Pontine Stroke Seirure ii
{Frontal Eye Field Affected) {Lateral Gaze Center Affected) [Frontal Eye Fieid Affected)
Toward lesion Avray from lesion Away from besion

Direction {Mary ke toward besion In postictal state]

of gaze Away from hemiparesis Toward hemi i

i ay pal dl ipareiis Toward shaking limi(s)

[May e away from Todd's paralysis in posticral
state, mimbcking strake)

affecting the not-yvet-crossed corticospinal tract and the lat-
eral gare center on one side will be unable to look toward the
side of the lesion, which can produce gaze deviation toward
crfparests, which is away from the side of
example, a right pontine stroke can cause lefi
hemiparesis with gaze deviation to the left and inability to
it Gaze deviation may also be toward the side of the
hemiparesis (and away from the lesion) in thalimic hemor-
rhiage. a phenomenon called "wrong way eyes.”

IF seizure activity reaches a frontal eye field and activates
it, this will cause the eves to look contralaterally {i.e., deviate
away from the seizuré focus and toward the shaking limb if
the seizure is focal). When the seizure is over and the seizure
focus is in a refractory state, the eyes may deviate toward the
focus in the postictal period (which would be away from the
side of a Todd's paralysis, if present).

the side of the h

the lesion. For

Iihl:. I

(-

Dysconconjugate Horizontal Gaze
Internuclear ophthalmoplegia (Fig. 17=100—4A lesion of the
MLF impairs the coordination of CN 6 and contralateral CN

FIGURE 11-10 Left internuclear ophthalmoplegia in

a patient with multiple sclerosis. A: Leflt gaze is normal. B: On
attempted rightward gaze, the left eye does not adduct, Reproduced
with permission fram Hauser A, Josephson 5 Harrison's Neurology in
Clinical Medicine, 3rd ed. Naw York: McGraw-Hill Education; 2013,

3. This leads to inability to adduct the eye on the side of the
MLEF lesion with gaze in the opposite direction. For example.
a lesion of the left MLF canses impaired left eye adduction on
rightward gaze. The phenomenon of impaired adduction on
horizontal gaze due 1o an MLE lesion is called internuclear
ophthalmoplegin (INO)—intermuclear because the lesion of
the MLF is between the nuclei of CN 6 and CN 3. In INO, there
is often nystagmus in the abducting eve, appearing as though it
is "trying to tell the other (non-adducting) eye to come along.”

Congsider the example of a lesion of the left MLE, Recall
that the MLF is named for the side of the CN 3 nucleus with
which it communicates (i.e., nol the contralateral CH &
nucleus where the signal to the CN 3 nucleus originates for
conjugate horizontal gaze). Therefore, a lesion of the left MLF
is a lesion of the MLF that connects the right CM 6 nucleus
with the left CM 3 nucleus. Leftward gaze will be normal since
the left CW 6 nucleus, right MLF, and right CN 3 nucleus are
not affected (Fig. 11-10A}). On rightward gaze, the right eve
can abduct, but the right CN 6 nuclens is unable to tell the left
CHN 3 nucleus to adduct the left eye (Fig. 11-108). Therefore,
the right eye abducts, but the left eye does not adduct. The
patient will have double vision worst on right gaze since the
eyes become dysconjugate with gaze in that direction when
the left eye cannet adduct, and there will be right-beating nys-
tagmus in the right eye on rightward gaze.

ING is seen commonly in multiple sclerosis (since the
MLF is a highly myelinated tract and thus prone to the effects
of demyelination), bot can also be caused by pontine stroke
or tumor. INO can alsoe occur bilaterally {(most commonly
seen in multiple sclerosis). With bilateral INO, patients have
no adduction on horizontal gaze to either side, but preserved
abduction to both sides.

How can INO be distinguished from simply failure of
accuction due toa partial CM 3 palsy or medial rectus prob-
lem? In INO, the CN 3 nucleus and nerve are functioning,
but they are cut off from their communication with the con-
tralateral CN 6 nucleus. Theretfore, if the medial rectus is
activated via a different pathway, it will funetion. This can be
demonstrated if convergence (bilateral adduction] is found to
be preserved since this activates the third nerve (and nucleus)
through an alternative pathway, (Mote that skew deviation
[see below] can accompany IMO, causing vertical dysconju-
gate gaze in addition to NG, Skew deviation may make it dif-
ficult for the patient o' converge.)

One-and-a-half-syndrome (Fig. 11-11)—The PPRE, CN &
nucleus, and MLE are all very close to each other. If the PPRE
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This leaves only one horizontal movement: abdue-
tion of the eye contralateral to the lesion on contralateral
gaze (because the contralateral PPRE and CN 6 nucleus are
spared). In the above example, out of all of the horizontal eye
movements, only left eve abduction is preserved. This syn-
drome is called one-and-a-half syndrome since three “half-
movements” are impaired, where each “half™ is ene direction
of horizontal gaze (left eye abduction + left eye adduction +
right eye abduction + right eve adduction).

WEBRIND (Fig. 11-12)—If a lesion affects both MLFs, there
will be no adduction of either eve on horizontal gaze in either
e are

direction (bilateral INO). In some such cases, the
abducted in primary gaze {exotropic), causing a “wall-eyed”
appearance This constellation of 1:|||4,l:j1_|:;§. is called wall E"\I\.'q.‘{l-
bilateral INO, or WEBINO. As with INO, multiple sclerosis

B
|IIIL| "'\|1rth|.' Are [I'If.' MOEL COMMMIGN CRUSes.
FIGURE 11-17 One-and-a-half syndrome in a patient with
multiple sclerosis. A: On attempied right gaze, neither eye moves, '-drerﬁcal Gaze
B.On a ed left gaze, the left eye abdu ght eye does i -
T . ; Vertical eve movernents are controlled by two brainstem

ot add his fe losion

nuclei, the rostral interstitial nucleus of the MLF and the
] cal Newroophrh oy, Hew Y interstitial nucleus of Cajal, both located in the dorsal mid-
2013 brain close Lo the CM 3 and CM 4 nuclei, as would be expected
(CN 6 does not participate in vertical gaze). Like the brain-
stem horizontal gase centers, these nucled are under the con-

tral of the cortical eve felds

: ey S Impaired conjugate vertical gaze can be caused by lesions
i of the dorsal mudbrain or in the region of the fourth ven-
! on-o iricle {e.g, pincal pathology. tectal glioma, h:.-r]m-.--:plm!us
* vit vansion of the fourth ventricle) and neurodegenera-
1% tive diseases (e, progressive supranuclear palsy; see Ch. 230
s I over from the Lipgaze limitations may be seen in otherwise normal in elderly
e . CL patients, Pathology that compresses the dorsal midbrain can
o adduct canse a constellation of ocular motor |:'|:|11_|.'|:|'|g$ kEnown as
. Parinaud's syndrome:

« Impaired upgaze with downgaze preference

« Light-near dissociation of pupillary reactions {constriction
on accommaodation but not in response to light)

o the right {due 1o the « Evelid retraction {called Collier’s sign), Causing a wide-

HRE W L CM 6 nuclens) x".-'d.'m! appearance o the cyes
. jon on left gaze (due to the lesion of « Convergence-retraction nystagmus, in which the eves are
nnects the left CN 6 nucleus 1o the pulled medially and retracted inward. This can be brought

At n '.l]“‘-'-'.kll.l Balde

FIGURE 11-12 Wall-eyed bilataral internuciear ophthalmaplegia (IWEBING] in a patient with pantine stroke. At Baseline (), the
patient's eyes appear bilaterally abducted (“wall-eyed”). On attempled fight gaze [A), the fight eye abducts, but the lefy eye does not adduct
consistent with left INO due 1o involvement af the left MLF, On attempted |i.2“|'[ gace (C), the lelt pye sbducis, but the tight eve does not 1:I:Iu;t
consistent with right INO due to involvement of the right MLE. Reproduced with permission from Mantin T, Corbert : F'-'Ulf'CdJl'n'eurWﬁJrrh;l'mG\lﬂﬁ;:r'.

Mew York McGraw-Hill Education: 2013
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Skew deviation

A commeon dysconjugate vertical gaze palsy not caused by
a CH 3 or CN 4 lesion is skew deviation, Skew deviation is
cauzed by a unilateral lesion in the vestibular pathways (CH 8,
brainstem, or cerebellum; see Ch. 12}, Most commonly, skew
deviation is caused by a central lesion (1.2, in the brainstem or
cerchellum} rather than a peripheral lesion (i.e.. in CN &), In
skew deviation, the eves are misaligned vertically (one higher
than the other), and which eye is higher may change in differ-
ent positions of gare, In some patients with skew deviation, an
ocubar tilt reaction is also present: The asymmetric disrup-
tion in vestibular function leads the brain to think that the
head is tilted 1L is not, 20 the eyes assume positions as
«d 10 the side of the lesion (ie., eye on the
er and intorted).

e 1 §
|f the head were §

side of the lesk hig

5 o vertical B o serelate to the 1ING, a1lhﬂllg|l
ie-and-a-half syndrome has been rarely reported.

Supranuclear Versus Nuclear/Infranuclear
Lesions Affecting Eye Movements

Lesions in the frontal eye fields and brainstem gaze cen-
ters that control the cranial nerve nuclei are referred to as
supranuclear lesions. Supranuclear lesions lead to prob-
lems with gare in both epes rather than in just one eye
because the gaze centers are responsible for bilateral con-
jugate gaze, Another system that interfaces with the brain-
stem horizontal and vertical gaze centers is the vestibular
svstem, To maintain ocular fixation with head movement,
the eyes have to move in the opposite direction of the head
(the vestibulo-ocular reflex [VOR]). This is accomplished
by transmitting information from the inner car to the
brainstem via CH 8, and then to the cranial nerve nuclei
for CNs 3. 4, and & by way of the MLE. This pathway is
discussed in Chapter 12. Here, the vestibulo-ocular reflex
is introduced because of its utility in localizing a gaze palsy
as supranuclear or nuclear/infranuclear.

If a gaze palsy is supranuciear, the gaze palsy can often
be overcome by passive head movement because the VOR
pathway goes straight from the vestibular nuelei to the Chs
3, 4, and 6 nuclei, bypassing the supranuclear control sys-
tems (i.e., bypassing PPRF, rostral interstitial nucleus of the
MLEF, interstitial nucleus of Cajal). 1f a gaze palsy is caused
by a lesion in CNs 3, 4. andfor 6 [or one or more of their
nuelei), it cannot be overcome by passive head movement
because the nerves/nuclei are not able to respond to the
vestibular signals. Vertical gaze abnormalities in neurode-
generative disease are supranuclear and, therefore, can be
overcome by the VOR, Supranuclear vertical gaze pu]slus
may also be avercome by lifting the |u|.l.i1’."|'|l'$ evelids while
the patient atempts to close the eyes tightly: The upgaze
palsy in supranuclear vertical gaze palsies will be overcome
by Bell's phenomenon (spontaneous conjugate elevation
of the eyes upon eye closure),

APPROACHTO DIPLOPIA

Double vision (diplopia) is most commonly caused by mis-
alignment of the two eyes (strabismus), leading to binocular
double vision (i.e., double vision only with both eyes open).
In binocular double vision, the double vision resalves if the
patient covers either eye. If diplopia is monocular such that
the patient sees double when looking out of just one eye, this
suggests ocular pathology (usaally pathology of the lens),

For diplopia due to ocular misalignment. the potential
localization includes:

» The extraocular muscles (eg., thyroid ophthalmopathy,
intraorbital tumor or inflammation, myasthenia gravis)
CHs 3, 4, and/or 6 (in the subarachnoid space, cavernous
sinus, or orbit)

Pathways for eve movement control in the brainstem and
cerchellum

Supranuclear lesions (e.g., PPRE, frontal eye fields) gen-
erally do not lead 1o diplopia since gaze is affected in one par-
ticular direction in both eves symmetrically (skew deviation
is an exception in that it is a supranuclear lesion that leads to
ocular misalignment).

If diplopia is intermittent rather than constant, this may
indicate ftigability of the extraocelar musecles, and myasthe-
nia gravis should be considered (see Ch. 29).

In patients with constant binocular diplopia, the clinician
must determine which particular muscle(s) izfare affected.
Extraocular muscles may either be weak or restricted. For
example, inability of one eye 1o look laterally could be due 1o
weakness of the lateral rectus or restriction of the medial rectus
preventing lateral movement. A common cause of restriction
of eye movements is thyroid eve disease, in which extraocular
muscle inflammation leads 1o restriction of eye movement. In
thyroid eye disease, the rectus muscles are most commonly
affected, and among those the inferior rectus is most com-
monly affected (impeding elevation of the eve). In thyroid eye
disease, the examiner will note restriction when attempting o
passively miove the patient’s globe.

If weakness is the issue, once the weak muscle(s) isfare
determined, the problem can be localized to one or more cra-
nial nerves or their pathways in the brain stem. When there is
ertly one muscle involved, diplopio will be worse when looking
in the divection of the weak muscle. For example, if the left lat-
eral rectus is weak and the patient attempts to look right, up,
or down in midline gaze position, both eves will move nor-
mally. However, when attempting to look lefi, the right eye
will adduct but the left eye will not abduct, leading to increased
misalignment of the eyves, Double vision will be worst when
looking to the left in this example (e, in the direction of the
weak musele).

When the eyves are misaligned at rest or with testing of
extraocular movements, the localization can generally be eas-
ily deduced by seeing which movements are impaired. This
condition is called strabismus or tropia, and the type of tro-
pia is named for the abnormal deviation (i.e., hypertropia for
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superior deviation, hypotropia for inferior deviation, esotro-
pia for medial deviation, and exotropia for lateral deviation).
However, some patients report diplopia but do not have clear
misalignment on initial evaluation of the extraocular move-
ments. In swch cases, subile misalignment may be elicited
on examination by using the alternate cover test and the
Maddox rod. Mizalignment elicited with these tests is called
phoria (Le. hyperphoria for superior deviation. hypophoria
for inferior deviation. esophoria for medial deviation, and
exophoria for lateral deviation).

Alternate Cover Test in the Diagnosis of
Diplopia (Fig. 11-13)
In the alternate cover test, the examiner moves from covering
one of the patient’s eves to covering the other. looking for sub-
tle movements of each eye as il is uncovered. When the eye s
covered, it assumes ils most nateral position, so.if'a muscle is
weak, that muscle "gives up” all of the extra work it was trying
1o do 1o iy 1o overcome its weakness and fixate when the eve
wiss not covered. When uncovered, it must resume its hard
work. so it moves ance againin the direction of the weakness.
Forexsmple. Imagine that the right lateral rectus is slighily

eral rectus must work harder

weake To try 1o fixate, the right la

because It 15 weaker. S0 when

= right cye is
. the weak right lateral rectus
Whien uncovered., the
1!

1o work, and 0 the eve

FIGURE 11-12 schematic of alternate cover testing in
bilateral esophoria. A: The syes appesr conjugate a1 baseline, B:
When the left eye is covered, it moves invard, C: When the left eye
is uncovered it moves cutward, demonstrating esophoria, When the
right eye is covered It moves inward. D: When the right ey is e
ered, it moves outward, demonstrating esophoria. Reproduced with
permistion from Martin T. Corbett §: Practical Neursophthalmology.
Mew York: MoGraw-Hill Education; 2013,

moves outward. This is an esophoria—an inward deviation
when covered (noted by seeing the cye move ontward when
uncovered). In this scenario, the left (normal) eye will also have
an esophoria revealed when uncovered, This is because all of
that neural “work” being used to trv to maintain the right eye
abducting in spite of its weak lateral rectus also gets applied
1o the lefi medial rectus for the lefi eye to look right {a phe-
nomenon called Hering's faw). Therefore, the left eve “over-
works” in adduction. So when the left (normal) eye is covered:
and the right lateral rectus has to work extra hard, the left eye’
is also working extra hard by overadducting. When the left eye
15 uncovered and the right eye is covered, the left eye relaxes
oulward since the exira force applied 1o the right lateral rectus
(and “shared” with the left medial rectus) is relaxed while the
right eve is covered. So lateral rectus weakness on either side
will cause bifateral esophoria on alternate cover testing.

To determine which eye/muscle is the problem, the alter-
mate cover test is repeated in all of the cardinal positions of
gare. If the degree of phoria(s) is the same in all positions of
gaze. this is called a comitant phoria. This generally suggests
a congenital misalignment (congenital strabismus). In some
patients, a latent congenital phoria becomes sympromatic as
patients age (decompensated phoria), In such cases. phorias
should be comitani,

It the degree of phoria differs in different positions of
gaze, this is called an incomitant phoria and supggests foeal
weakness of a particular extraocular muscle. In an incomi=
tant phoria, the degree of movement of each eye when it is
encovered worsens when the patient looks in the direction
af the weak musele, Resuming the example above, if there i3
isolated right Iateral rectus weakness, the alternate cover test
should reveal the greatest degree of movement of each eye
when uncovered when the patient is looking to the right, and
there should be less (or no) phoria seen on lefi gaze (since that
movement does not involve the weak muscle in any way)

The Maddox Rod in the Diagnosis of
Diplopia (Fig. 11-14)

The Maddox rod is 2 red lens that is placed over the patient’s
right eye (by convention) when used in assessing diplopia.
When the examiner shines a penlight in the patient's eyes ata
distance, the uncovered (left) eye will see the dot of light, and
the Maddox rod converts the light into a red line in the cov-
ered (right) eye. The line may be oriented vertically or hori-
zontally depending on how the Maddox rod is held. If the eyes
are perfecily aligned, the white light and the red line should
overlap perfectly. IF there is misalignment, the patient will see
the white light and the red line as being separate.

To interpret the pattern of separation of the white dot
and red line in patients with ocular misalignment, recall that
each part of the retina sees the opposite side of the world: The
medial retina sees the lateral visual field, the lateral retina sees
the medial visual feld, the superior reting sees the inferior
visual ficld, and the inferior retina sees the superior visual field
{see Ch. 6). If an cye is deviated, light will hit a different part
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c

FIGURE 11-14 Maddox rod testing demonstrating right
hypertropialleft hypotropia. A: The red lens is held over the right
ey by convention. B: The patient’s point of view (light on the left,
red lens on the right). €: The patient sees the light (left eye image) o5
being higher than the harizontal line (right eye image). This means
that light is hitting the left eye at o point inferior to thatin the right
oye (causing the left eye image 1o be seen supernors 1o the right eye
image), consistent with a left hypotrogia/right hypertropia. Repro-
duced with permission from Martin T, Corbett J: Pracrical Meuro-
ophthalmodogy, New York: MoGraw-Hill Education: 2011 3.

of the retina than it narmally would have, For l.'h'i.'ll'll]'lli.'.. il the
eye is medially deviated, light will end up hitting the reting
maore medially: if the eye iz superiorly deviated, light will end
up hitting the retina more superiorly. With light hitting the

reting in the “wrong place™ compared to where it should nor-
mally land, the image of the white light will be displaced from
the red line. The deviation of the white light will be appazite
the deviation of the eye, since cach part of the retina sees the
apposite part of the visual field. For example, if light hits one
eye more medially. the light will be seen as being more lateral:
if light hits one eye more superiarly, this light will be seen as
being more inferior.

For horizontal diplopia, the Maddox rod is used 1o cre-
ate a vertical red line so the degree of horizontal separation
between the red line and white light can be determined. 1f
there is left lateral rectus weakness, the left eye will be turned
slighitly medially. This will cause the white light to hit a more
medial part of the retina than nermally. Since the medial
relina sces the lateral visual field, the white light will appear
Iateral 1o the red line. This degree of separation will worsen as
the patient trics to look in the direction of the weak muscle (in
this example, to the left).

For vertical diplopia, the Maddox rod is used to create
a horizontal red line so that the degree of vertical separation
between the red line and white light can be determined, If
there is a left hypotropia (right hypertropia), the white light
will it & more infertor part of the left retina than normally.
Since the inferior retina sces the superior visual held, the
white light appears above the red line.

With wvertical misalignment, it can be challenging to
determine which eye is abnormal. For example, if the left
eye appears higher, is there a problem with left eye depres-
sion (left superior oblique muscle or inferior rectus muscle
weakness) or a problem with right eye elevation (right inferior
ablique muscle or superior recius muscle weakness)? The first
step is to determine whether the superior oblique is involved.
Since the main function of the superior oblique is to intort
the eye, the patient may tilt the head awap from the affected
side, and may have worsening double vision when tilting the
head toward the affected side (See "Cranial Nerve 47 above),
Recall that the superior oblique muscle depresses the eye in
the adducted position. So il this muscle is weak, vertical dip-
lopia should be worse when the affected eye is in the adducted
position.

If the left eye appears o be higher, and diplopia worsens
on right gaze (or the distance between the red line and white
dot increases on Maddox rod testing), this suggests a prob-
lem with the left superior oblique. This is because the superior
oblique muscle is needed 1o depress the eye in the adducted
position, and so a superior oblique palsy will cause the greatest
deviation between the twa eves on altempted downgaze when
the affected eye is adducted, Therefore, iF there is a left hyper-
tropialphoria (= right hypotropia/phorial in which double
vision worsens in right gaze, the problemis with the left supe-
rior obligue (inability to depress the adducted lefl eve).

IF either the superior rectus or the inferior rectus appears
1o be affected in isolation, double vision will worsen in the
direction ofthe weak muscle, Forexample, ifa left hypertropia/
right hypotropia is due to left inferior rectus weakness, double
vision would worsen in down gaze; if a left hypertropialright
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TAELE 11-3 Summary of findings in conjugate and dysconjugate gaze abnormalities.

Effects of lesion Left-sided lesion Right-sided lesion il
Frﬂhllarlh'ld‘ Conjugate mevements away from leslon Left gaze deviation Right gaze deviation
Impaired; deviation roward lesion
PPRE Conjugate movements impalred toward Right gaze deviation Lefi gaze deviathan
sade of lesion: devintion duvay from kesion
m Conjugate movements impaired tovard Mo left gaze: right gaze deviation Mo right gaze; left gaze deviation
Mucleus siche: of lesion: deviation away from lesion
Abducens Nerve Dysconjugane with failure 10 abduct On laft gaze, right eye adducts, O right gaze, left eye adducts,
affected eye ledt eye does not abdisct right eye does not abduct
MLF Internuciear ophthalmaplegla: On right gaze. right eye abducts, On aft gaze, left eye abducss,
lefi eye does not adduct; right right eye does not adduct: left
Lpeegugaie Witk lie to gk 0ne (abducting) oye often has right- (abducting) epe aften has rights
of the ¢ves on contralateral gaze: all other Beating nystagrius Beating nystagms
harizantyl movements préséived
+ Comergence spared
PPRF or CN 6 One-and-a-half syndrome: Contralateral No movement of aither aye on Mo movement of efther eye on
nucless and MLF abducthon is the anly funciianing horizontal attempted loft gaze: on right gaze, attempted right gaze; on left
migvement right ey abducts. but left eye does gaze, beft eye abduers, but right
notadduct eye does not adduct
Bllateral MLF Bilatessl D, Mo sdduction In contralaterad Onanempted gaze in cither dieciion, abducting eve abducts, but con-
gare in elther gre tradaterat eye does nat addueL In soma cases oyes may appear abducted
bifarecatly ar baseling (WERIMG,
ri dug 1 A shew deviation can also cause vertical misalignment of
N Wil ITSE the eves [see “Skew Deviation” above), Unlike unilateral C 4

palsy, shew deviation is usually comitant [ni:huugh it can be
ncomiatiant ), and when the ocular tilt reaction accompanies:it,
the more elevated eve isintorted. This isin contrasttoa CN 4
palsy, in which intorsion is impaired in the hypertropic eye
(because CN 4 palsy leads 1o impaired intorsion and impaired

depression).
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APPROACH TO HEARING LOSS

Distinguishing Conductive Hearing Loss
From Sensorineural Hearing Loss

THE VESTIBULAR 5YSTEM
The Vestibulo-Ocular Reflex (VOR)
Oculocephalic Reflex

Cranial nerve 8 (CMN 8) contains two components: auditory
{cochlear) and vestibular. Both begin in the inner ear and
travel 1o the brainstem: the auditory component projects to
J‘h:,' cochlear nuclei (at the pontomedullary junction) and the
vestibular component projects to the vestibular nuclei (in the
myeculla).

THE AUDITORY SYSTEM (FIG. 12-1)

Auditory information travels from the inner ear through the
awditory (cochlear) portion of CN 8 to arrive at the cochlear
nuclei at the pontomedullary junction. The cochlear nuclei
project to the inferior colliculi of the lower. midbrain via the
lateral lemniscus, and also project to the superior olives. Each
inferior eolliculus projects to the ipsilateral medial geniculate
nucleus (MGMN) of the thalamus, and each MGM projects o
the ipsilateral auditory cortex in the superior temporal gyrus
(Heschel's gyrus).

APPROACHTO HEARING LOSS

Auditory information crosses to become bilateral carly in its
conncclions within the brainstem, so unilateral hearing lizs
can only oocur due to |1c.1!|u:|h1g;l.' of the inner ear or CN 8 (or

Cold Caloric Testing
MNystagmus
APPROACH TO DIZZINESS AND VERTIGO

Evaluation of Acute-Onset Continuous
DizzinessVertigo

Evaluation of Chronic Dizziness

rarely the entry zone of CM 8 at the pontomedullary junction
Iefore arriving at the cochlear nuclei). Central lesions (in the
brainstem or tempaoral lobe) only rarely cause deafness, and
must be extensive and bilateral to do so. Therefore, central
ctinlogies of deafness are usually associated with other signs
due to involvement of neighboring structures. Left temporal
lobe lesions can lead to deficits in word processing (pure word
deafness) and right temporal labe lesions can cause deficits in
music processing (amusia).

Hearing loss due to a peripheral lesion is called conduc-
tive hearing loss if it caused by problems in the outer or mid-
dle ear, and called sensorineural hearing loss it it is due to
problems in the cochlea or auditory component of CM 8. Both
conductive and sensorineural etiologies of hearing loss may
be acquired or may have a congenital/genetic basis. Acquired
causes of hearing loss are listed below.

Acquired causes of conductive hearing loss include:

« Outer ears cerumen impaction

« Middle ear: infection (otitis media), otosclerosis
Acquired conses of sensorineural hearing loss include;

« Unilateral

+ Internal auditory artery infarct {the internal auditory
artery [also ealled the labyrinthine artéry] is usually

105
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FIGURE 12=17 The auditory pathway. See text for explanation,
Reproduced with permission from Martin J: Newroangatomy Text and
Atlas, 4th ed. New York: MoGrave-Hill Education; 2012,

a branch of the anterior inferior cerebellar artery
[AICA]) i

« Sudden sensorineural ih.‘.llihk‘_ loss (ofien idiopathic; may
respond o steroids)

= Menigre's disease (see "Ménidre's Disease” below)

= Vestibular schwannoma (also called acoustic MeUroma;
see “Vestibular Schwannoma® in Ch. 24)

= Hilateral
+ Aging (presbyacusis)
Dotoxic medications (eg., aminoglycosides)

-

.

Sequela of meningitis (especially in children)
Neurofibromatosis type 11 with bilateral vestibular
schwannomas (see “Neurocutaneous Syndromes” in Ch; 24)

Susac’s syndrome (2 syndrome causing branch retinal
artery occlusion. sensorineural hearing loss, and encepha-
lopathy; see “Susac Syndrome” in Ch. 19)

Superficial siderosis (which causes hearing loss accom-
panied by cerebellar dysfunction andfor upper motor
meuron signs; see “Superhicial Siderosis™ in Ch. 19)
Mitochondrial disorders (see “Mitochondrial Diseases” i
Ch. 31)

Sudden-onset unilateral hearing loss can be caused by
infarction of the inner ear structures due to ischemia in the
territory of the internal auditory artery (also called the faby-
rinthine artery), which is usually a branch of the AICA. This
diagnosis should be strongly considered in patients whose
acute-onset unilateral hearing loss is accompanied by vertigo
or other brainstem or cercbellar symploms/signs. I hear-
ing loss is episodic with a zense of ear fullness and vertigo,
Méniére's disease should be considered.

Distinguishing Conductive Hearing Loss
From Sensorineural Hearing Loss

The function of the cardrum and middle ear bones is to
amplify sound waves for transmission into neural impulses.
In conductive hearing loss, CN 8 works properly. bul sound
15 not able to be ransmitted to it by the outerfmiddle ear. In
sensorineural hearing loss, the pathway for auditory conduc-
tion 1s not lunctioning properly. The Weber and Rinne tests
can help to distinguish between conductive and sensorineural
hearing loss {Table 12-1).

Weber's Test

In Weber's test, a vibrating tuning fork is placed on the top of
the patient's head. Normally, the pitch should be heard equally
in both @rs. I the pitch is louder on one side, this means that
cither the opposite (softer) side is affected by sensorineural

TABLE 12-1 Conductive Versus Sensorineural
Hearing Loss.

Conductive Sensorineural
Locallzation Ouited ar middle ear Inries sar o crandal
nive §
Weber Lowder inallected ear Louder in opposite tar
Rinne Bone conduction Alr canduction louder
Ioudier than sir than bane conduction
conduction (but Both diminished)
Frequencies Lo Trequencies High frequencies
aHected
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hearing loss or the ipsilateral (louder) side is affected by condue-
tivee hearing loss (outer/middle ear blockage masks outside noise,
making conduction by way of the skull louder in that ear),

Rinne's Test

In Rinme's test, a vibrating tuning fork is placed on the
patient’s mastold and then next te the car, and the patient is
asked which is louder. Mormally, the sound next to the ear
should be louder because it takes advantage of the amplifier
function of the middle car bones. In conductive hearing loss,
the middle ear bones are not working normally (e.g., oloscle-
rosis, olitis media), or sound cannot adequately access the
middle ear {e2, cerumen impaction, ofitis externa). There-
fore, the tuning fork will sound softer next to the ear {since the
amplifying mechanism of the middle ear is not funétioning),
but louder on the mastoid because it uses skull vibration to
arrive directly at CN 8, taking a “detour” around the problem
in the outér or middle ear. In sensorineural hearing loss, the
mning fork will be heard as diminished both on the mastoid
and next to the car since the final pathway (inner ear/CN 8)
is not functioning. Air conduction is still usually louder than

(W) nenve
Semicircular canals

FIGURE 12-2 The vestibular pathway. See text for explanation. Reproduced with permission fram Aminalf

Clinical Neurology, 9th ed, Mew York: McGraw-Hill Education; 2015,
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THEVESTIBULAR SYSTEM (FIG. 12-2)

The inner ear vestibular structures (saccule, uiricle, and semi
circular canals) detect movemenis of the head, This informa-
tion is transmitted by the vestibular portion of each €M & 1o
the vestibular nuclei in the dorsolateral medilla, which then
commumcate with the cranial nerve nuclei for cVe move-
ments (CNs 3, 4, 6) via the medial longitudinal fasciculus
(MLF). Westibular information is also communicated to the
vestibulocerebellum (the flocculusinodulus of the cerebellum)
via the inferior cerebellar peduncles (see Ch. 8). This coordi-
nation of eye movements with head movements allows for the
vestibulo-ocular reflex.

The Vestibulo-Ocular Reflex (VOR) (Fig. 12-3)

When attempting to fixate gaze on a point while moving the
head, the eyes must move in the opposite direction from the
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FIGURE 12-3 The vestibulo-ocular reflex. See 1ext for explanation, Reproduced with permizsion from Martin ) Neuroanatomy Texr and

Arfas. 4th ¢

B T EXAITIC, atien! to continue looking
AL your nose whi cad to the right, the patient’s
ey will have o move 1O the patient & lell Lation

shed by com

This vestibulo-ocular rellex (VOR) 3=

MU efwedn NG VestiDURr muc
| l=it « i
VI 50 a5 [

de to which the head turns stimulates greater

lar svstem excliation-on that side, and this is commu-
nicated (o the ocular motor nuched by way of the MLF to turn
the evis to the opposite side. Turding the head toward the lefi
caunses the left vestibular system 1o becomie more activated
thar the right side. and this activation pattern s commu-
nicated through the MLF 1o the right abducens nucleus 1o
send the eves to the right (via the right CN 6 and lefi CN- 3).
Turning the head toward the right causes the right vestibular
svstem 1o become more excited than the left side, and this
excitement pattern i5 communicated through the MLF to the
left abducens nucleus o zend the eves 1w the left (via the left
CN 6 and right CN 3).

‘The VOR can be suppressed when needed. For examiple,
if you want (o turn both your head and your eves 1o the lefi
to look at something on the left side, vou would not wani
your eyes being dragged 10 the right against your will as
you try te-look left. Although the decision to suppress the
VOR likely comes from the hemispheres, suppression of the
VOR is mediated by the vestibular portion of the cerebellum

[fiocculus and nedulus). The ability to sappressithe VOR can
be tested by having the patient sit in a swivel chair with the
thumb held cut at arms’ length, and then rotating the chair
[rom side 1o side while the patient maintains fixation on the
thumb. If the VOR cannot be suppressed, the eyes will move
in the direction opposite chair/head wrning rather than fol-
lowing the thumb. Failure to suppress the VOR can be seen
in neurodegenerative disorders such as progressive supranu-
clear palsy (see "Progressive Supranuclear Palsy™ in Ch. 23).

Oculocephalic Reflex

The oculocephalic reflex can be used to assess the VORs in
& comatose patient to determine the integrity of brainstem
pathways (although this should not be attempred if the cer-
vical spine is injured). To test the oculocephalic reflex. the
head is turned passively to look for the presence of conju-
gate eye movements in the opposite direction. Although the
term “doll's eves" is often used for this test, it can be unclear
whether "having doll’s eyes” means having an intact oculo-
cephalic reflex or an abnormal one. so il is more precise 1o
state whether the oculocephalic reflex is present or absent in
each direction. Presence of oculocephalic reflexes in a coma-
tose patient indicates that the brainstem pathways are intact,
suggesting that the comatose state is due 1o pathology affect-
ing the hemispheres. Oculocephalic reflexes may be impaired
with brainstem pathology, but can also be diminished or
absent with sedating medications, complicating assessment in
comatose patients who are sedated,
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Cold Caloric Testing

Ifa patient has neck trauwma prohibiting 11-culnce:ph.ﬂ|c reflexes
from being safely tested by passive head turning, cold calori
testing can be purwm‘l {as long as the tympanic membrane
is mmu] In Lim. test, m!d water is ;1|1c|.d into one ear. Cold

off, the ut!'u;r side's n::-rmnl baseline *1':“"'”‘.1 is “greater than
off,” so the brain thinks the head is moving toward the not-
cold side. This causes the eyes to move away from the not-cold

side and toward the cold side,

For example, cold water i the leltear causes the left ear
to be "off,” 20 the brain detects more activity [rom the right
vestibular system compared o the “off™ left ear. This simu-
urning toward the right, and so the eyes move
{ the VOR pathway 15 intact). IT the frontal lobes
crie will be nystagmus with the fast phase in the
the Tast phase of the

fates the heéad |

ton thee left (i

are Imach

direction e e slow |"h.l"~L' (1e.,

S
nyslagmus is away from the cold :‘-il.ll'.'].

Cold caloric testing assesses both brainstem and hemi-
spheric function. If both the brainstem and hemispheres are

functioning, there will be both a slow phase toward the cold
water side and nystagmus with fast phase away from the cold
waler side. If the brainstem is functioning bul there is hemi-
spheric dysfunction, there will only be a slow phase {toward
the cold water side) and no fast phase. IFthereis no slow phage
at all, this suggests that there is cither disruption of brainstem
vestibulo-oeular pathways or that the patient has taken or
received sedating medications.

Mystagmus
Mystagmus is abnormal spontaneous rhythmic movement of
the eyes. The type of nystagmus most commeonly seen has a
slow-phase in one direction and a fast phase in the opposite
direction (jerk nystagmus), When nystagmus is present, the
goal is to determine if the cause is peripheral (inner ear or
CN 8) or central (brainstem/cerebellum).

Several types of nystagmus oceur exclusively with central

pathology:

- Gaze-evoked, direction-changing nystagmus: The fast phase
is in the direction of gaze in all eye positions (.., fast phase is
toward the left when the patient looks left and wward the right
when the patient looks right). This is called direction-changing
nystagmus because the direction of the last phase changes
depending on the direction of gaze (ie., nght-beating when
looking right, lefi-beating when looking left; see “Direction-
Changing Mystagmus Due to Central Lesions™ below).

Pure vertical nystagmus (i, down-beating or up-beating
nystagmus with no torsional component).

Pure torsional nystagmus {i.e.. with no horizontal or verti-
cal component).

Pendular nystagmus: [n contrast W the more common jerk
nystagmus, pendular nystagmus consists of symmetrically
'-15':-'1'||itli.|:1; eye movements rather than movements with
alternating slow and fast phases.

= The various more “exotic” and rare types of nystagmus,
such as periodic alternating, see-saw, rebound, Brun's,

Other useful localizing principles for nystagmus include:

MNystagmus of peripheral origin can be suppressed by
fixation, whereas nystagmus of central origin cannot. This
is because when nystagmus is peripheral in origin, central
mechanisms controlling fixation can overcome it,

Mystagmus of central origin can be associamed with addi-
tional brainstem and/or cercbellar signs. Mystagmus of
peripheral origin may have accompanying hearing loss, but
no other neurologic signs should be present. Both eentral
and peripheral causes of nystagmus can be associated with
nausea, dizziness, and imbalance.

Causes of nystagmus of central origin include:

Stroke, demyelinating lesion, or tumor in the lower brain-
stem or cerebellum

Medications (e.g., antiepileptics and lithium)
Toxins (g, alcohol)

Parancoplastic cerebellar degencration (see "Paraneoplastic
Syndromes of the Nervous System” in Ch. 24)

Genetic cerebellar degenerative diseases (e.g., spinocerebel-
lar ataxia: see “Inherited Causes of Ataxia™ in Ch. 8)

Causes of nystagmus of peripheral ongin include:

Vestibular neuritis (usually postinfectious)

Benign paroxysmal positional vertigo
Ménigre's disease

Direction-Changing Nystagmus Versus

Nystagmus With the Fast Phase in the Same
Direction in All Directions of Gaze
Direction-changing nystagmus due to central lesions—
Eye movements are generated by a neural pulse that sends
the eyes to a target and then a step of continued neural
impulses maintiaining them there. With central (brainstem/
cerebellar) etiologies of nystagmus, there is a problem with
the step causing difficulty mainutaining gaze. Imagine the con-
sequences of a lesion atfecting the step: When the eyes look
to the left, there is difficulty maintaining left-gaze, so the eyes
drift away from the direction of gaze (slow phase to the right)
and are sent back quickly in the direction of gaze (st phase
to the left) to try to maintain fxation—drift away (slow phase
to-the right)—sent back (fast phase 1o the left), and so on.
The same thing would happen when looking to the right: In
attempting to maintain rightward gaze with alesion atfecting
the step, the eves would drift away (stow phase to the left) and
be sent back quickly (fast phase to the right). Sowith a central
lesion (affecting the step that maintains gazel, there would be
nystagmus with the fast phase in the direction of gaze—leht
when looking left, right when looking right. Since the direc-
tion of the fast phase of the nystagmus changes depending on
the direction of gaze, this is called direction-changing nys-
tugmus or gaze-holding nystagmus, and is characteristic of
a central cause of nystagmus,
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In normal healthy patients, a few beats of nyvstagmus
with the fast phase in the direction of gaze may be seen at the
extremes of gaze when testing extraocular movements. This is
called end-gaze nystagmus and is generally a benign ﬁnding
i symmetric and not sustained.

Nystagmus with the fast phase in the same direction in
all directions of gaze due to peripheral lesions—\When
peripheral lesions cause nystagmus, the problem |5 usually
'_ﬁ_mﬁ_ir.?m]mﬂuﬂ' the left or right vestibular apparatus or CN
& Is not working normallv. Recall that head turning to either
side causes increased CN 8 activity on the side to which the
head is turned compared to the other side. leading to move-
ment of the eves in the direction opposite the direction of
hicad tumning (see “The Vestibulo-ocular Reflex” earlier).
Imagine what would happen if there Is unilateral periph-
eral vestibular dvsfunction (inner ear or CN 8), Consider
the case of a'lefi vestibular lesion (e, vestibular neuritis), I
there is a lesion affecting the left vestibular apparatus or CN 8,
activity in the left CN 8 will be decreased. This leads o an
more activity in the
ng left side. The brain per-

oy

v on the right (normal) side
-

asthe same patiemn
t side (right-sided

+ de 2} T
s sends the eyes
ne effect as cold water Inicold
When the patient

)

N Lres o Correcl Lne eve

ht. The

back to the 1

fowwe phase), ek back to the right {fast

ter what

thi. Mo

aCEAD

vodrifi to the left, flick back to the

us i therefore alwinys in

what position of gaze the eves are

ward the abnormal side; fast phase away from
al side

g with the example of a left vestibular lesion, if
the eves do look all the way to the lefi. this is where the lesion
is causing the brain to “want” them 1o be, so the nystagmus
may diminish and even disappear. But when the eves ook fur-
thest away from the lesion—to the rightin this example—they
are furthest from where the brain “wants" them 1o be, and so
the nvstagmus is intensified. This is called Alexander’s law:
Peripheral vestibular lesions cause nystagmius that is most
pronounced when looking away from the side of the lesion

{which is looking in the direction of the fast phase).

Conting

APPROACH TO DIZZINESS AND VERTIGO

Dizziness can be caused by a problem in the nervous system
or due to systemic causes. Within the nervous system, the
problem can arise from the structares of the inner car, the
vestibulocochlear nerve, the brainstem, or the cerebellum.
The inner ear and CN 8 are the peripheral components of

this svstem, and the brainstem and cerebellum are the cen-
tral components. Localizing the etiology of dizziness requires
first determining whether the problem is neurologic or not,
since dizziness can be caused by cardiovascular discase (e.g.
archythimia, orthostatic hypotension), anemia, and endocring
dysfunction (e.g.. hypoglyveemia, thyroid disease) in addition
to neurologic disorders. If dizziness is neurologic in eliology,
one must determine whether the problem is peripheral (inner
ear or CN 8) or central (brainstem/cerebellum). Medications
can also cause dizziness through effects on the nervous sys:
tem (e.g.. antiepileptics), the inner ear {e.g., aminoglycoside
toxicity), or the cardiovascular svstem {(e.g., antihypertensives
causing orthostatic hvpotension).

The classic teaching is that the history in a dizzy patient
should aid in classifving the symptom of dizziness as one of
the following four entities:

L. Vertigo: a sensation of movement (spinning or tilting)—
generally associated with a neurologic etiology

I Light-headedness/presyncope: generally associated with
a cardiovascular etiology

3 Dysequilibriomfimbalance: generally associated with a
gait dizorder {which may be neurologic or orthopedie, for
example)

4. ier/nonspecific: generally associated with a psycho-
Other/ pecific; g Iy iated with a psych
genic |."ti|.l|1.|-_L:'5.'

Although it is certainly important to elicit patients’
descriptions of their symptoms, research suggests that
patients are inconsistent and imprecise in their descrip-
tions of whether their dizziness is true room-spinning ver-
tigo or not (Newman-Toker et al., 2007), and that patient
descriptions do not necessarily correlate well with under-
lying etislogy. An approach centered around timing, irig-
gers, and associated symptoms correlates more closely
with pathophysiologic etiology, and these elements of the
history are more consistently ;n#_ygfyr#tg!ij_fé@i_b_f
patients (Newman-Toker, 2007; Mewman-Toker et al.,
2007). Within this framework, dizziness is classified as
acute or chronic, and chronic dizziness is classified as con-
tinuous or episodic, Episodic dizziness is then 'Cﬂl'l-?E.:E,":!"‘!_i,E_d
based on whether the episodes are _trjgger_ed__qt_s.pn_n_tmm—
ous (Fig. 12-4]). If episodes are triggered, the trigger(s)
must be elucidated {(discussed further belaw).

Evaluation of Acute-Onset Continuous
Vertigo

Acute-onset conlinuous vertigo is referred toas the acute vestib-
ular syndrome. The ditfferential diagnosis is essentially between
posterior circulation stroke and vestibular newritis (a presumed
viral or postviral inflammation of the vestibular portion of
CN 8). This is a paradigmatic example of 4 scenario in which
peripheral and central ctiologies of vertigo must be distin-
guished 1o determine whether dizziness is caused by a benign
self-limited condition (vestibular nearitis) or a life-threatening
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FIGURE 12-4 approach to vertigo.

condition {posterior circulation infarct). When obvious local-
izing l'mdiul_ﬁ are present (e, 2. ataxia, cye movement abnor-
malities), the diagnosis of a central nervous system eticlogy is
generally elear. However, many patients present with isolated
vertign, mausea, vomiting. and/or gait unsteadiness without
obvious localizing findings on general ummlug,ic ¢:<rm1in:.‘-lion
."~Iinn over, \Hll miay be normal in the Acute

one ‘-'-1.'lll|ll hu}u inan nulteiv vcrugmm:s pallcnl

Fortunately, research has shown that a battery of three
bedside tests is highly sensitive and specific for predicting
posterior circulation stroke as the cause of acute continuous
vertigo: the head impulse test, evaluation of the pattern of
nystagmus, and the cover-uncover test for vertical skew
deviation of the eyes (Kattah et al, 2009). This battery of tests
wiis given the mnemonic HINTS (head impulse—nystag-
mus—test of skew) by the authors of the study. A concerning
finding on any of these three tests (see below) should' raise
the index of suspicion for posterior circulation stroke as the
cause of acute vertigo and warrants MRI, with repeat MRI
after 24-48 hours if initial MRLis normal.

Head Impulse Test

The head impulse test is a test of vestibular function, The
cxaminer asks the patient to fixate on the cxaminer’s nose and
maintain fixation while the examiner moves the head briskly

to one side and then the other. Normally, the vestibulo-ocular
reflex keeps the eyes fixated on the examiner’s nose, so when
the head is moved to the right, the eyes instantly conjugately
go to the left to maintain fixation; when the head is moved o
the left. the eyes instantly conjugately go 1o the right to main-
tain fixation; If there is unilateral peripheral dysfunction (eg.
vestibulae neuritis), when the head is turned to the abnormal
side, the signal that the head has been turned cannot be trans-
mitted to the central nervous system. As a result, the VOR
fails and the eyes go with the head, requiring a catch-up sac-
cade to come back to the nose.

For example, with leff peripheral vestibular dysfunction.
when the head iz turned brisklv by the examiner to the right
{mormal side), the eves move appropriately instantly back to
the left (normal response). When the head is moved beiskly
by the examiner to the left (abnormal side) there is no VIOR,
so the eyes also go to the left with the head and then make a
catch-up saccade to the right back to the target. A catch-up
snccade on the head impulse test to one side only is sugges-
tive of peripheral vestibular dysfunction {inner ear or CH
&) In the setting of the acute vestibular syndrome, a normal
head impulse test on both sides has been found to be pre-
dictive of stroke as the etiology. Note: the nornial finding
on this test is the concerning one in this context (i.e., con-
cerning for stroke) since an abnormal head impulse test sug.
gests a peripheral etiology in a patient with acute continuous
vertigo.



Iz PART 1 Nearoanatony and Newroanatomic Localization

Direction-Changing Nystagmus

With respect o nystagmus, the pattern concerning for a central
eticlogy of the acute vestibular syndrome is direction-changing
nystagmus. Direction-changing nystagmus refers to nystag.
mus in which the fast phase changes direction with changes
in gare direction: lefi-beating in left gaze and right-beating
in right gaze. This suggests a problem with the gaze-holding
mechanism, consistent with a central lesion (see “Direction-
Changing Nystagmus Versus Nystagmus With the Fast Phase
in the Same Direction in All Directions of Gaze™ above).

Test of Skew

Skew deviation is discussed in Chapter 11. Although it can
occur with peripheral lesions, it is more commonly seen
with central lesions: When venical skew deviation of the
eves is evident in the acutely dizzy patient, a central et
ology should be considered. When subitle, it may not be
apparent, but can be elicited by the cover-uncover test.
In this test, the examiner asks the patient to fixate on the
examiner's nose, and then the examiner moves one hand
back and forth between the two eves, looking for any verti-
¢al readjustment of each eve as it is uncovered. If vertical
shifts of the eves are seen with this test this is considered a
concerning finding for posterior circulation infarct as the

ciauze of acute continuous vertigo.

A mnemonic for remembering the concerning find-
ings in HINTS testing is provided in the study in which it §s
deseribed: INFARCT: impulse normal, fast-phase (of nyvstag-

alternating, refixation on cover-uncover test (Kattah

he presence of any of these three findings in-a

200,
patient with the acute vestibular syndrome is highly predictive

(il =1

fest battery is not the same in patients who are not acutely
dizey at the time of examination. Patients ofien present fol-
iowing an episode of dizziness when they are no longer dizzy,
A normal head impulse test will be a normal finding in normal
pati¢nts, and some may patients have o few beats of end-gaze
nystagmus (which is direction changing). Therefore, while the
individual tests of the HINTS battery certainly have important
utility in other contexts, the concerning findings in this bat-
tery suggest stroke anly ina patient with acute-onset conting-
oL vertigo.

Vertigo Accompanied by Acute Unilateral

Hearing Loss

The presence of concurrent acule-onset vertigo and acute-
onset unilateral hearing loss suggests a problem in the periph-
ery (inner ear or CN 8) since hearing is represented bilaterally
quite early in the brainstem auditory pathways and so is not
easily disrupted by central lesions. Although most causes of
peripheral vestibular lesions are benign, acute-onset unilat-
eral hearing loss is a concerning finding: The inner ear can
be infarcied by involvement of the imernal auditory artery
(also called the labyrinthine antery), which most commonly

arises from the AICA. When the finding of acute hearing loss
is added to HINTS ("HINTS plus”), the sensitivity and speci-
ficity for clinical diagnosis of siroke as a cause of acute vertiga
{and hearing loss) increases {Mewman-Toker et al., 2013).

Vestibular Neuritis

Vestibular neuritis is diagnosed on clinical grounds when
there is acute-onsel vertigo following a viral illness and exam-
ination findings are consistent with a unilateral peripheral
eticlogy (mystagmus with fast phase in the same direction irre-
spective of the direction of gaze, abnormal head impulse test).
Vestibular neuritis may be treated with a short course of ste-
roids, although data about their efficacy in vestibular neuritis
are limited. If symptoms are severe and persistent, a vestibular
suppressant (e.g.. meclizine) may be considered, but it should
be emphasized 1o the patient that only a short course should
be utilized since prolonged use may impair central compensa-
tion for peripheral dysfunction.

Hearing loss should not be present in pure vestibular
neuritis. I§ hearing loss is present, the di:},glmsis of laby-
rinthitis should be considered. Labyrinthitis may also be
postviral, but can be-bacterial (e.g., due to meningitis or
otitis media). Bacterial labyrinthitis requires antibiotic
lreatment.

Evaluation of Chronic Dizziness
For patients in whom dizziness is not acute and sustained, the
goal of the history is to determine whether dizziness is epi-
sodic or continuwouws, and if episodic, if episodes of dizziness
are provoked or unprovoked/spontaneous.

Continuous chromic dizziness can be due to:

« Anemia

+ Posterior fossa lesion (for example, tumor, Chiari
malformation )

« Medications (for example, antiepileptic. psychiatric, and
cardize medications)

In a patient who presemts with episodic dizziness, one
musl first assess whether episodes of dizziness are unpro-
voked (Le., spontaneous) or provoked. Spontaneous episodic
dizziness may occur with:

« Cardiac arrhythmia

= Ménicre s discase

« Vestibular migraine

» Posterior circulation transient ischemic attack (TIA)

When dizziness is provoked, specific triggers suggest par-
ticular underlying etiologies. Important triggers of episodic
dizziness include:

« Moving from supine to seated or seated 1o standing
(suggesting orthostatic hypotension)

« Changes in head position (suggesting benign paroxysmal
positional vertigo: sce below]
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« Exertion {suggesting cardiac etiology)
« Sneezingfeoughing/loud noises (suggesting perilymphatic
fistula or superior canal dehiscence; see below)

Another feature of the elinical history that can be helpiul
is the length of episodes of vertigo:

« Seconds to minutes: benign paroxysmal positional vertigo
(See “Benign paroxysmal positional vertigo™ below)

« Minutes to howrs: Méniére's disease; transient ischemic
attack (T1A), migraine

Episodic Dizziness Provoked by Positional
Changes: Orthostasis and Benign Paroxysmal
Positional Vertigo
Any patient who is already dizzy will likely feel that dizzi-
with head ||u\.1|1i'r|;... as anyone who has been
1 confirm. The question here is whether the onset
of dizziness is provoked by position change. Dizziness pro-
voked by changes in body position (supine to seated or seated
to standing) suggests orthostasis, and orthostatic vital signs
should be obiained. Dizziness provoked by changes in head
position (¢.g.. ralling over in bed) suggest benign paroxysmal
positional vertigo,

Ness Wrscis

SENSICK GO

Benign paroxysmal positional vertigo—Benign paroxys-
mal positional vertige (BPPV) is caused by irritation of a par-
¢ ticular semicircular canal by an otolith. The most commonly

affected semicircular canal is the posterior canal, although
anterior and horizontal canal BPPV occur rarely. BPPYV is
diagnosed by the Dix-Hallpike test in which the patient looks
over one shoulder in the seated position and is then rapidly
placed in the supine position with the head supported in the
examiner’s hands and tilied below the level of the examining
table while still turned 1o the side. The test is repeated on each
side. In classic BEPV of the posterior semicircular canal, when
the head is turned toward the affected side, after a delay of sev-
eral seconds, the patient will experience vertigo and a mixed
upbeat rotatory nystagmus will emerge with the rotatory fast
phase toward the ground and the up-beating component
more prominent in the upper eve (Fig. 12-5).

If the Dix-Hallpike maneuver elicits downbeal nystag-
mus that appears without delay, a central etiology should be
considered and newroimaging should be obtained.

Posterior semicircular canal BPPY can be treated an the
bedside through the Epley maneuver (Fig. 12-6). This begins
like the Dix-Hallpike maneuver (head back and wened toward
the affected side; Fig. 12-6A). Alter 1 minute, the patient’s
head is turned 90 degrees (now facing away [rom the affected
side and still tilted below the level of the examining table; Fig.
12-6B) for | minute. Then the patient turns the body toward
the head to lic on the side, which puts the head in the down-
ward-facing position (Fig. 12-6C), After | minute, the patient
returns to the scated position (now M degrees from the origi-
nal seated position; Fig. 12-612). It is common for the patient
to feel a recurrence of vertigo when returning to the seated
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FIGURE 12-5 Dix-Hallpike maneuver. With BPPY of the right postetior semicircular canal, when the patient's head is turned aver the
right shioulder and the patient is brought into the suping position, upbeat-torsional nystagmus ocours with the rotatory component in the
direction of the ground, Reproduced with permission from Ropper A, Samusels M, Klein ): Adams and Victor's Principles of Neurology, 10th ed.

New York: McGraw-Hill Education; 2014,
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on that side since nystagmus may be guite subtle.

Anterior and horizontal canal BPFY are rare, and gener-
ally occur only as complications of the Epley mancuver for
rior canal BPPV such that the orolith that was ariginally
in the posterior canal enids up in one of the other canals.

Anterior canal BPPV causes downbeat worsional nystag-
mius rotating toward the ceiling (away from the downward-
facing ear) on Dix-Hallpike testing. Howcever, as noted above,
since downbeat nystagmus can bean indication of a central
etivlogy of vertigo, and given the rarity of anterior canal
BPPV, neurpimaging should be oblained if downbeat nystag.
mus is elicited. Since anterior canal BPPV s a rare condition,
appropriate canal repositioning maneuvers for anterior canal
BPPV are not well established.

Horizontal canal BPPY requires a different maneuver
to be diagnosed: The patient is placed in the supine position
and thie head is rapidly rotated to one side and then the other,
looking for pure horizontal nystagmus, which may be toward
the ground (geotropic) or toward the ceiling (ageotropic),
and may change position with the head on either side. The
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IGURE 12~6 Eplay maneuver. The stages of the Epley maneuver for a patient with right posterior semicireular canal BPPY (clockwise
3 th permissson from Ropper A, Samuels M, Klein L Adams and Victor's Principles of Neursdogy,

affected side is generally considered the side toward which the
nystagmus appears more prominent when the nystagmus is
geotropic, and the side to which it is less prominent with ageo-
tropic nystagmus. Repositioning maneuvers (o treat horizon-
tal canal BPPVY include the 360 roll maneuver (also called the
Lempert maneuver) and the Guloni maneuver.

In the Lempert (360 roll) maneuver, the patient begins in
the supine position with the head turned such that the affected
car is down, then beging a series of 90-degree turns of the
head=—to looking at the ceiling, to looking to the side opposite
the original side, to lying prone and looking down, to laying
on the side of the affected car (affected car down), 1o supine,
1o seated (360 degrees). In the Guioni maneuver, the patient
goes from the seated position 1o laying on the unalfected side,
then looking down (head turned over shoulder) while in tha
position, followed by returning to the seated position with the
head still turned over the shoulder.

Episodic Dizziness Provoked by Loud Noises
(Tulio’s Phenomenon) or Coughing/Sneezing:
Perilymphatic Fistula and Superior Semicircular
Canal Dehiscence

The symptom of dizziness triggered by loud noises (called the
Tulio phenomenon). coughing, and/or sneezing is suggestive
of two rare conditions of the inner car: perilymphatic fistula
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and superior semicireular canal dehiscence. Perilymphatic
fistula is a fistula between the middle ear and the inner ear,
usually secondary to trauma. In superior semicircular canal
dehiscence there is thinning of the temporal bone superior
toy the superior semicircular canal. In addition to the symp-
toms listed above, semicircular canal dehiscence can cause the
symptom of autophony: patients report hearing their own
heartbeat, chewing, and other internal sounds. Both condi-
tions require imaging of the temporal bone and consultation
with an otolarvngologist since surgical intervention may be
indicated,

Unprovoked Episodic Dizziness
Meéniére's disease—Meénicre’s discase iz caused by idiopathic
development of increased pressure in the inner ear {(endo-
lymphatic hydrops). The condition usially develops between
ood and late middle age (205-505). Episodes last
hours and include vertige, hearing loss, tinnitus, and a sen-
sation of car [ullness, There may be progressive hearing loss
and/or tnnitus between attacks. Patients may report sudden
falls without loss of consciousness or vertigo, called otolithic
crises of Tumarkin, The diagnosis is clinical, but audiometry
may reveal fluctuations over time andfor progressive low-fre-
quency hearing loss, Initial treatment includes low-salt diet
and a diuretic. In refractory cases, labyrinthectomy or intra-
tympanic gentamicin administration may be performed to
ablate the inner ear.

Cogan's syndrome causes Méniere-like attacks and
imterstitial keratitis. The syndrome can be seen in association
with systemic vasculitis, or may occur in isolation.

A RSE 1
early adul

Vestibular migraine—Dizziness is commen in migraine, but
somme patients have severe vertigo as the prominent feature of
their migraines (vestibular migraine). Nystagmus of any type
may be observed during or between episodes in patients with
vestibular migraine. Some patients may have episodic vertigo
without accompanying headache, in which case the diagnosis
of vestibular migraine is one of exclusion when no alternative

explanation can be found after appropriate evaluation, Acuie
and preventive treatment of vestibular migraine is the same
as for migraine in general (see “Treatment of Migraine” in
Ch. 36}, although meclizine, an antiemetic, or a benzodiaz-
epine may be added to the acute abortive regimen for treat-
ment of vertipo during acute migraines.

Posterior circulation transient ischemic attack (TIA)—
Posterior circulation TIA should be conszidered in patients
with episodic vertigo with vascular risk factors or history con-
cerning for vertebral artery dissection (e.g. receni trauma)
(see “Transient [schemic Attack™ in Ch. 19). In patients with
recurrent episodes of vertigo concerning for posterior circula-
tion T1Az, vascular imaging of the head and neck should be
obtained to evaluate the vertebrobasilar svstem.

An important and life-threatening nonneurologic etiol-
ogy of unprovoked episodic dizziness to consider is cardiac
arrhythmia.
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TRIGEMINAL NERVE (CRANIAL
MERVE 5)

The principal clinically relevant functions of the trigeminal
nerve are facial somatic sensation and innervation of the mus-
cles of mastication. The trigeminal nerve also innervates one
palate muscle (tensor veli palitini) and one inner ear muscle
{bensor tympani).

The trigeminal nerve supplies somatic sensation to the
face, the inside of the mouth {although not taste), the sinuses,
and most of the dura mater (including all supratentorial dura
and the tentorium cerebelli; the rest of the posterior fossa dura
mater is supplied by cranial nerve 10), The three divisions of
the trigeminal nerve and the regions for which they supply
sensation are:

L. Ophthalmic division (V,}: forehead, upper lid, upper half
of cornea

2, Maxillary division (Vi): cheek, lower lid, lower half of
cornea, roof of mouth, upper gums/tecthilip

3. Mandibular division (V) lower gumsiteethflip, lower
jaw, anterior tongue
The muscles of mastication innervated by CN 5 are:

« Masseter

« Plerygoids

Anterior belly of the digastric (the posterior belly of the
digastric is innervated by 7)

+ Mylohyoid (the stylohyold is innervated by CN 7)

FACIAL MERVE [CRANIAL NERVE 7|
Facial Nerve Pathways

Upper and Lower Motor Neuron Pattern Facial
Weakness

See Table 14=1 for a summary of the functions shared
between CMs 5, 7, 9, and 10.

Trigeminal Pathways (Fig. 13-1)
Trigeminal Sensory Pathways
The facial sensory pathways of the trigeminal nerve are anal-
agous to those for the body: All sensory information trav-
els back to a ganglion, and pain and tlemperature sensation
travel separately from other modalities. The sensory gin-
glion of CN 5 is called the gasserian ganglion, which resides
in Meckel's cave (mnemonic: ganglion for cranial nerve ¥V
resides in Meckel's cave). The gasserfan ganglion receives
somatosensory inpul from the fice and transmits that infor-
mation to the brainstem at the level of the pons. Distal to the
gasserian ganglion. the trigeminal nerve divides into three
branches: ophthalmic (V). maxillary (V) and mandibular
(V3. Wy and V5 pass through the cavernous sinus, whereas
Vy does not pass though the cavernous sinus, WV, exits the
skull through the superior orbital fissure. V. through the
foramen rotundum, and V; through the foramen ovale.
Proximal to the gasserian ganghion, the somatosensory
mformation from CN 5 enters the brainstem at the level of the
pons. Although the point of entry of CH 5 into the brainstem
is al the level of the pons (as wouild be expected for the 5.6-7-8
schema deseribed in Ch. 9), CN 5 has nuclei throughout the
three levels of the brainstem. Light touch sensation from the
face is transmitted primarily to the main sensory nucleus of
5 Lalso called the chief or principal sensory nucleus of 5) gt
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FIGURE 13-1 Schematic of the trigeminal nerve pathways. The pathway for facial propricception including the mesencephalic nuceus of
€N S ks nat shown here. Reproduced with permission from Martin J: Newroanatomy Text and Atias, 4th ed, New York: McGeav-Hill Education: 2012,



the level of entry in the pons, and the outpat from this nucleus
crosses to join the medial lemniscus (carrying sensory infor-
miation from the body), which ascends to the thalamus. Facial
sensation information projects to the ventral posterior medial
{VPM) nucleus of the thalamus, and sensation from the limbs
and trunk travels to the veniral posterior lateral (VPL) nucleus
of the thalamus (see Che 4). VPM and VPL project to the
somatosensory cortex in the postcentral gyrus.

Pain and temperature sensation from the face descend to
the medulla in the spinal tract of 5 (the facial analogue of the
anterolateral tract] along with its associated spinal nucleus
of 5. The spinal nuclews and tract of 5 extend as inferiorly as

the upper cervical spine. The owput of the spinal nucleus of
5 Crosses (o | the contralateral spinothalamic tract from
the body and nds to the ventral posterior medial (VM)

nucleus of
from the [imbs
thalamus)

halamus” (pain and temperature sensation
and trunk travel to the VPL nucleus of the

|

cephalic nucleus of 5 in the midbrain.

PROPrii |':l: 11 il'lf-:rf:l'l'r::]iqlll is fl:].'l}'r.!d (4] ||'|¢' INCSCn-

Trigeminal Motor Pathways

The moter nucleus of 5 is medial to the main sensory nuclens
af 5 in the dorsal pons. Unlike the common symptom of facial
weakness in both central and peripheral nervous system dis-
cases (see “Upper and Lower Motor Neuron Facial Weakness”
below), jaw weakness due to a lesion in the nervous system is
uncommon. This is in part due to the fact that the trigemi-
nal motor nuclei receive bilateral cortical input, so unilateral
hemispheric lesions such as strokes do not typically cause uni-
lateral jaw weakness,

Brainstem Reflexes Involving

the Trigeminal Nerve

The trigeminal nerve is involved in two brainstem reflexes, the
corneal reflex and the jaw jerk reflex.

Corneal reflex—The corneal reflex is elicited by stimulating
the cornea, which normally leads to reflex closure of the eyes.
The trigeminal nerve is the afferent limb of the reflex (sensa-
tion from the cornea is carried by V), and the facial nerve
(CMN 7) is the efferent limb responsible for closure of the eye
(by contraction of the orbicularis oculi muscle). The reflex is
bilateral, so stimulating one cornea normally leads vo bilateral
closure of both eves,

Jaw jerk reflex—The jaw jerk reflex is elicited by asking the
patient to let the jaw gently hang open, and then tapping on
the upper chin gently with a reflex hammer. This reflex is
mediated by the mesencephalic nucleus of 5 (afferent) and the
motor nucleus of 5 (efferent). If the jaw jerk reflex is markedly
brisk, this demonstrates upper motor neuren (central nervous
system) pathology above the level of the spinal cord (ie. in
the brainstem or brain). The jaw jerk reflex is often tested in
patients with upper motor neuron signs in the extremities to
evaluate for signs of pathology superior to the spinal cord (Le.,
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to determine if the corticobulbar tracts are affected in addition
to corticospinal tracts),

Disorders of the Trigeminal Nerve
Facial Sensory Loss

Loss of facial sensation can ocour due to a lesion in:

The trigeminal nerve in the face, skull base, or cavernous
sinus

The trigeminal pathways in the dorsolateral brainstem (e.g..
lozs of pain and temperature sensation in the face is part of
lateral medullary syndrome along with contralateral loss
of pain and temperature in the body, Horner's syndrome,
ataxia, nausea, vomiting, vertigo, dysarthria, and dysphagia
VEM of the thalamus

The lateral postcentral gyrus (facial region of the somato-
sensory cortex)

*

« The subcortical white matter connecting VPM and somato-
SENSOTY COriex

Isolated Facial sensory loss is most likely to be due 1o a
lesion of the trigeminal nerve, the entry zone of the nerve in
the pons, or a small cortical lesion because lesions at all other
sites would likely cause other defcits due to involvement of
adjacent structures:

» A brainstem lesion causing facial sensory loss will often also
affect other cranial nerve nuclei.

A cavernous sinus lesion causing facial sensory loss (which
will only affect V, and V. divisions since V', does not pass
through the cavernous sinus) will often also affect Cs 3, 4,
and/or 6 (see Ch. 11).

A thalamic lesion causing facial sensory loss will often also
cause sensory loss beyond the face.

A subcortical lesion causing facial sensory loss will often
also affect additional adjacent sensory fibers representing
other parts of the body.

Since the face and hand have the most cortical sensory
representation, a common pattern of numbness for cortical,
subcortical, amd small thalamic lesions is contralateral face
and hand numbness (cheiro-oral pattern),

Facial numbness due to an isolated trigeminal nerve
lesion can be caused by:

» Malignancy: skull base tumor, cerebellopontine angle
tumor, leptomeningeal metastasis

« Inflammatory disease: Sjogren’s syndrome, sarcoidosis

» Spread of head and neck cancers along the trigeminal nerve
(perincural spread), most commonly caused by squamous
cell cancer of the skin on'the face

» Dental pathology

Numb chin sign—Numbness of the chin (numb chin sign)
should raise concern for metastatic malignancy affecting the
mandibular (V) division of the trigeminal nerve in the skull
base or the distal trigeminal branches in the mandible (usu-
ally the mental nerve, a branch of the inferior alveolar nerve,

ot O N S (Tt
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which isa branch of V). The numb chin sign may be the pre-
senting feature of systemic malignancy or metastatic disease
in & patient with known cancer. Breast cancer and lvmphoma
are among the most common malignancies causing the numb
chin sign, When patients present with this symptom, history
tor other symptoms of malignancy should be elicited (eg.,
welght loss, night sweats). The differential diagnosis includes
dental etiologies and systemic causes of trigeminal neeropa-
thy {¢.g.. Sjogren’s syndrome, sarcoidoesis). Evaluation should
include panoramic dental x-ray, CT scan or bone scan of the
jaw (1o evaluate the mandible), CT scan of the head (10 evalu-
ate for a skull base lesion). andfor MRI of the brain with con-
trast (to evaluate the trigeminal nerve itself).

Trigeminal Neuralgia

In trigeminal neuralgia. brief lightening-like paroxvems of
pain shoot throggh the face. These may be spontaneois or mav
be triggered by contacting the face (e.g. brushing the teeth).
Trigeminal neuralgia s most commonly unilateral and most
commonly affects the lower face- (V. andfor V', regions). The

on may be idiopathic, or it can be caused by multiple

%, & compressive vascular loop, any of the above-listed

~minal r-"h.-!r--"
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i be caused by multiple

obtained 1 trigemina

sclerasis e selerosis I3 & central nepvous syvstem dis-

eaxse and the t al nerves are peripheral nervess - When

1, the lesion is in

¢ trigeminal neuralgia, facial sensation is gen-
erally normal, If fackal sensation is diminished in'a patient

1, this is atvpical and a structural

with tri :
ith neuroimaging

used for pain control [n trigeminal
with the most supportive evidence beéing for carba-
. If neurcimaging reveals @ vascular loop compress-
ing the trigeminal nerve in o patient with tripeminal neuralgia,
microvascular decompression can be considered if the patient
does not respond 10 medications. In refractory cases of tri-
geminal neuralgia, surgical ablation of or radiotherapy to the
gasserian ganglion may be considercd.
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FACIAL NERVE (CRANIAL NERVE 7)

The main elinically relevant funcrion of the seventh cranial
nerve is control of the facial musculature, although CN 7 has
a number of additional functions:

+ Parasympathetic:
» Lacrimal and nasal glands
= Submandibular and sublingual saliva ry glands (although
the facial nerve passes through the parotid gland, it does
not innervate it—CN 9 does)

Motor (bevond facial musculature): stapedius, posterior
brelly of the digastric (anterior belly of the digastric is inner-
vated by CN 5)

Special sensory: taste to the anterlor two thirds of the
tongue (posterior one third is innervated by CHN.9)

= Sensory: somatic sensation for the external auditory meatus
{shared with CNs @ and 10)

See Table 14-1 for a summary of functions shared
berween Chs 5, 7,9 and 10,

Facial Nerve Pathways

The seventh nerve nucleus is in the dorsal pons, and the nerve
loops dorsally around the abducens (CN 6) nucleus before
exiting anteriorly just lateral 1o the descending corticospinal
tracts {see Fig. 9-1D). The "bump” on the dorsal pons where
the seventh nerve loops around the CN 6 nucleus is called the
facial colliculus. The nerve travels to and through the internal
auditory canal with CN 8, then passes into the facial canal,
finally emerging through the stylomastoid foramen to innér-
vate the facial muscles after passing threugh the parotid. The
nonmotor functions (sensory and visceral) are carried out
by the nervus intermedius, which runs with the motor por-
tion of the nerve but interacts with different brainstem nuclei
related Lo sensory and visceral functions.

There are several important. components of the facial
nerve along its course in the skull before exiting the stylomas-
toid foramen to innervate the muscles of the face (Fig. 13-2).
From proximal to distal:

« The geniculate ganglion is the main ganglion for all sen-
sory and special sensory CN 7 functions (taste to anterior
two thirds of the tongue, sensation around the ear).

The greater petrosal nerve innervates the lacrimal and
nasal glands (by way of the sphenopalatine ganglion. also
known as the plerygopalatine ganglion),

The nerve to the stapedius innervates the stapedius.

The chorda tympani transmits taste from the anterior two
thirds of the tongue and provides innervation to the salivary
glands (submandibular and sublingual). Taste information
travels to the nucleus solitarius in the medulla, (Mnemonic
to recall that the nucleus solitarius is responsible for laste:
nucleus solitastiest [although note that taste is not the sole
function of the nucleus solitarius, which also receives wvis-
ceral afferent information; see Ch. 14].).

After exiting the stylomasioid foramen, subscquent
branches of CN 7 are all motor: posterior auricular, digastric,
stylohyoid, and the five branches to the [acial muscles: tempo-
ral, zygomatic, buccal, mandibular, and cervical.

Upper and Lower Motor Neuron
Pattern Facial Weakness (Fig. 13-3)

Just as the motor system for the extremities has upper molor
neurons in the central nervous system and lower motor neu-
rons in the peripheral nervous systen, so oo does the sysiem
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FIGUERE 13-2 Schematic of the facial nerve pathways. Reproduced with permission from Martin T, Cosbett J: Procticol Neureaphithalmalogy.

Mew York: McGraw-Hill Education; 2013,

for facial movements. Facial movements are mediated by the
bilateral facial nerves (CN 7), which contain the lower motor
newrons in this system. Just as for the body, each half of the
face is controlled by the contralateral hemisphere: The left
hemisphere face region of the molor cortex communicates
with the right (contralateral) CH 7 nucleus in the pans, which
controls the muscles of the right side of the face; the right
hemisphere face region of the motor cortex communicates
with the left (contralateral) CH 7 nucleus in the pons, which
controls the muscles of the left side of the face.

A lesion of the facial nerve will cause weakness of the
whole face on that side: The patient will be unable to smile,
puifthe cheek, close the eye, raise the eyebrow, or wrinkle the
forchead on the affected side (Fig 1.3-4). Early oninu seventh
nerve palsy, eye closure weakness may be subtle, and noted
only if the paticnt fails to completely “bury” the eyelashes on
attempted forceful eye closure. The nasolabial fold and fare-
head wrinkles may be diminished or absent on the affected
sicle.

IF facial weakness is due toan upper motor neuron lesion,
anly the lower face is affected: The patient is unable to smile
on the affected side (contralateral to the brain lesion), but

can still close the eye and raise the eyebrow. This is because
the upper face is supplied not only by the contralateral hemi-
sphere but also by the ipsilateral hemisphere. That is, each
CHN 7 contains the information from the contralateral motor
cortex for the whole face and a “backup” for the upper face
from the ipsilateral hemisphere. 5o whereas a CH 7 lesion will
prevent any input—ipsilateral or contralateral—from making
it to the face, an upper motor neuron lesion will only remove
its input to the contralateral facial nerve, but that facial nerve
will still have its ipsilateral “backup” for the upper face. Why
might there be a backup for the upper face? One possibility is
that it is more important to protect the eyve than to preserve
the ability to smile—filure of eye closure can lead to corneal
abrasion and ulceration,

Upper Motor Neuron Facial Weakness

Upper motor neuron facial weakness can be caused by alesion
in the motor cortex, subcortical white matter, or in the mid-
brain and upper pons before the upper motor newron path-
way has made contact with the contralateral CN 7 nucleys
Therefore, a lesion in the descending motor pathways lv:uni.:
caospinal tract and corticobulbar tract) anywhere superior tq
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FIGURE 13-3 schematic showing upper and lower moter neuron pattern facial weakness. Az The facial nerve receives input from the
contralateral motor comes a3 well a3 an (psilateral projection to the Gpper face. B: A lesion of the facial nerve will interrupt all input to bath the

upper face and bower face. G A lesion of th
ral “backup

upper face due 1o the ip 1o the upper face. (See text)

the midpons will canee contralateral weakness in both the face
and the body. Once the lesion 15 in the CN 7 nuclevs or CN
# tescicie in the pons, or in the facial nerve itself, facial weak-

ness will be in a lower motor newron pattern (upper and lower
facial weakness

Lower Motor Neuron Facial Weakness

Causes of lower motor neuron pattern facial weakness include:

= Bell's paley, on idiopathic seventl nerve palsy (see "Bell's
palsy” below).

Infections: Lyme disease, HIV (especially at the time of sero-
conversion: see Che 200, Eamsay-Hunt symdrome,

.

Inflammatory conditions: sarcoidosis, Guillain-Barré syn-
drome (facial weakness is common In Guillain-Barré syn-
drome, and is often bilateral: see Ch. 27),

Tumor: At the cercbellopontine angle or in the internal
auditory canal (e.g., vestibular schwannoma; see Ch. 24),

Vascular: A stroke of the pons can aflect the nucleus or
fascicle of the seventh nerve causing a Jowwer motor neuron
pattern facial palsy in spite of the fact that the lesion is in the
central nervous system (i, in the brainstem), When this
occurs, there are often additional associated deficits, such
as ipsilateral horizontal gaze palsy with dorsal lesions (due

motor corte will cause contralateral lower facial weakne s with preserved motor function of the

to the proximity of the CN 6 nucleus to the CN 7 nucleus)
andfor contralateral weakness in the extremities with ven-
tral lesions (if the not-yet-crossed descending corticospinal
tract is alfected—an example of the “crossed signs”™ of brain-
stemn lesions; see Ch, 99,

All patients with facial nerve palsy should have an oto-
scopic examination to evaluate for vesicles in the ear that
would suggest a diagnosis of Ramsay-Hunt syndrome, caused
by varicella zoster virus (VZY) reactivation in the geniculate
panglion. Ramsay-Hum syndrome is generally treated with
sternids and antivirals.

Bell's palsy—icll's palsy refers specifically w idiopathic facial
nerve palsy (i.e.. facial nerve palsy without an identifiable etiol-
opy). Bell's palsy is more common in diabetics and during the
third trimester of pregnancy. Facial weakness usually emerges
over hours, and patients may report pain behind the car, lig-
uids dripping from one side of the momh when drinking, and
ocular irrdtation from inability to close the eye. Some patients
report facial numbness as a way of describing the feeling of
the face being weak, although true facial numbness due 1o tri-
geminal involvement is uncommon. IF assessed, taste may be
impmn.-rj on one hali of the tongue on the side of the facial
weakness (only if the nerve is affected proximal 1o the chorda
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FIGURE 13-4 Left-sided lower motor neuron pattern facial weakness [due to Bell's palsy). A: When the patient attempts 1o smile,
thiere is po movement of the laft side of the face and the nasolabial fold is not visibibe on the left. The eye is slightly more apen on the left. B:
When the patient attempts ta raise her forehead, the eyebrow elevates and the forehead wrinkles only on the right side, The flattening of the
nasalabial fold on the left is agaln notable €: On attempted gentle eye clasure, the left eye does not close fully, and the sclera Is seen as the eye
elevates on attempted eye closure (Bell's phenomenon) D: When attempting to close the eyes more tightly, the eyelashes are “buried” on the
righit, but still fully visible on the left due 1o orbicularis oculi weakness,
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tympani; this does not occur in all cases). Patients often repon
that sounds are londer on the affected side (hyperacusis) due
1o weakness of the stapedios muscle (which normally serves
to dampen loud noises), Hyperacusis can be demonstrated by
passing a vibrating tuning fork between the two ears, and not-
ing if the patient finds it to be louder on the side of the facial
weakness. Facial weakness in Bell's palsy may be incomplete at
presentation, and if the lower face is predominantly affected,
this can’ mimic an upper motor neuron pattern, leading to
evaluation for stroke as the cause of facial weakness.

Muost patients begin o recover from Bell’s palsy by
I month-and recover completely over subsequent months. A
short course of oral steroids can increase the degree and speed
of recovery. Some practitioners treat Bell's palsy with antivi-
rals facyclovir) in addition to steroids based on the hypothesis
that the condition may be caused by the herpes simplex virus
(HSV), but the use of acyclovir is debated.,

Newroimaging is generally unnecessary in patients with
Bell's palsy unless the patient does not improve or develops
additional cranial nerve palsies. In patients with Bell's palsy
who undergo neuroimaging, enhancement of the affected CN
7 may be observed.

Reduced blinking and impaired eye closure in Bell's palsy
(as in any seventh nerve palsy) can cause corneal inflamma-
tion (exposure keratitis), which can lead 1o corneal ulcer-
ation. Theretore, an important supportive measure in patients
with Bell's palsy is to protect the eye with antificial tears and
patching.

As the facial nerve recovers, abnormal rewiring may lead
to abnormal linking of focial movements, called synkinesis.
Examples include linking of cye and mouth movements
(squinting when smiling and vice versa) and linking of lae-
rimation and salivation (tearing while eating. a phenomenon
called “crocodile tears”),



Cranial Nerves 1, 9,
11, and 12
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CRAMIAL MERVE 1 (OLFACTORY NERVE)

CRANIAL NERVE 1 (OLFACTORY NERVE)

The olfactory nerves transmit smell information through the
cribriform plate 1o the olfactory bulbs and tracis, which in
turn transmit this information o the olfactory cortex in the
medial temporal lobes, Smell information is the only sensory
modality not transmitted to the thalamus prior to the cor-
tex. In the case of smell, the information first arrives in the
olfactory cortex, and is then transmitted to the medial dorsal
nucleus of the thalamus.

Loss af smell is referred to as anosmia. Since the olfactary
nerve fibers travel through the cribriform plate, and the olfac-
tory tracts lie between the inferior surface of the frontal lobes
and the skull base, these structures are susceptible to damage
in head trauma and compression by skull base tumors {e.g.,
olfactory groove meningiomas). More common causes of
impaired smell are sinus disease and upper respiratory infec-
tions, and rarer causes include Kallman’s syndrome (anos-
mia and absence of gonadotropin-releasing hormone (GnRH)
secreling neurons).

Anosmia miay be part of the prodromal phase of neu-
rodegenerative diseases (e.g., Parkinson's disease and other
synucleinopathies (see Ch. 23) and Alzheimer's disease). In
this contéxt, anosmia is noted more commonly in retrospect
since it may be attributed to aging when initially present in
isalation,

Another scenario in which smell plays a role in neuro-
logic disease is in the olfactory auras associated with temporal
lobe seizarcs: Patients may report a foul odor (e.g., “burning

Glossopharyngeal Neuralgia
CRAMNIAL MNERVE 11 (SPINAL ACCESSORY)
CRAMIAL NERVE 12 (HYPOGLOSSAL)

tires”) that precedes temporal lobe scizure onset, presumably
due o epileptic activity passing through' medial temporal
olfactory regions.

CRANIAL NERVE 9
(GLOSSOPHARYNGEAL) AND
CRANIAL NERVE 10 (VAGUS)

CHMs 9 and 10 work together to supply the musculature of the
pharynx (mostly supplied by CH 10) and transmit visceral
afferent information from vascular baroreceptors, and each
nerve also has additional individual functions listed below,
CH 2 and CHN 10 are discussed rogether since they are dith-
cult to isolate clinically, and are commonly affected together
since they both communicate with nuclei in the dorsolateral
medulla, both pass through the jugular foramen, and they are
adjacent throughout parts of the neck.
CN 9 supplies:

One pharyngeal muscle: stvlopharyngens

One gland: parotid
One region of taste: posterior one third of the tongue
One region of visceral sensation: carotid body

Three small regions of somatic sensation: posterior one
third of the tongue, pharynx (shared with CN 10), middle
car, and external auditory meatas (shared with CH 7 and
CH10)
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The functions of CN 10 include:

« Motor supply to all muscles of the lannx and pharvnx
except tensor veli paliting (CN 51, mylohyvoid (CN 3), stylo-
hyvaid (CN 7), stylopharvngeus (CN 9)

- Motor supply 1o one muscle of the tongue: palatoglossus
(all others are innervated by CN 12)

» Somatic sensation from:

« The dura mater of the posterior fossa aside from the ten-
torium (the sensory innervation to the rest of the dura
including the tentorium is supplied by €N 5)

» The pharynx (shared with CN 9)

+ The external auditory meatus (shared with CN 7 and
CxN D)

« Visceralsensation from the aortic arch

» Visceral parasvmpathetic efferent supply to and afferent
input from all of the viscera of the thorax and abdomen
with the exception of the distal third of the GI tract and
génitourinary organs (which receive their parmsympathetic
supply from sacral spinal cord levels 52-540.

« Tastein the pharvnx

There are several functions that are shared across cranial
nErves CN= 5, 7,9, and 10, which are summarized for compar-
"

ison in Table 14-1. {Mpemonic for some of the miscellaneous

i and

MMUSCIES

tensor eseventh nerveinnervates siviohoid and

nd pharyngeal motorinput o CXN 9and CN
10t comes from the nucleus ambiguus in the dorsal medulla,
Visceral molor ':'.IJ'-!:\l.'_.' that travels in. CN 10 originales in the
dorsal motor auclens of the vagus. Aflerent visceral informa

tion wvies with taste information o the nucléeus solitarius

L | N

BE RENE
Lesions of CN 10 can cause laryngeal and/or pharyngeal
weakness. Laryngenl weakness can lead to softer voice (hypo-
phonial, nasal voice, and guttural dysarthria (difficulty pro
ducing the consonants "G and “K”). Pharvnpeal weakness
can cause difficulty swallowing (dysphagia).

On examination, CN 9 and CN 10 can be assessed by
evaluating palate glevation and gag reflex. When there is uni
lateral palate weakness, the palate droops on the weak side and
is pulled upward toward the stronger side. The gag reflex is
mediated predominantly by CN ¢ for the afferent limb (pal-
ate sensation ) and predominantly CN 10 for the efferent limb
(palate elevation),

Unilateral palateflarynx dysfunction can be caused by:

« Brainstem pathology: for example, posterior inferior cer-
ebellar artery (PICA) stroke causing lateral medullary syn-
drome {causing unilateral palate/laryngeal dysfunction due
toanvolvement of the nucleus ambiguus: other symploms
include vertigo, ataxia, Horner's syndrome, and/or crossed
hemisensory loss [decreased painftemperature sensation in

the face ipsilateral to the lesion and body contralateral to
the lesion])

+ Jugular foramen pathology: for example, glomus jugulare
tumor, which can aifect CNs 9, 10, and 11

+ Local pathology in the neck: for example, lymphadenopa-
thy, carotid dissection

+ Complication of neck surgery: for cxample, thyroid sur-
gery or carolid endarterectomy

Isolated unilateral laryngeal dysfunction can also be
caused by pathology in the upper thorax because the recur-
rent larvigeal nerve branch of the vagus nerve descend into
the upper thorax before re-ascending to the larynx. Therefore,
mediastinal, aortic, or apical lung pathology or surgery can
all cause recurrent laryngeal nerve dysfunction leading to
hoarseness of the voice.

Bilateral laryngeal/pharyngeal dysfunction is commaonly
seen in motor neuron discase (e.g., amyotrophic lateral scle-
rosis [ ALS]; see Ch. 28).

Glossopharyngeal Neuralgia

Glossopharyngeil neuralgia is the CN 9 analogue 1o trigemi-
nal neuralgia (see Ch. 13). Lancinating neuralgic pain occurs
in the throat and/or ear. Pain can be triggered by swallowing.
Syncope accurs during attacks of glossophayngeal neuralgia
in some cases due Lo aliered visceral afferent transmission in
C 9. Asin patients with trigeminal neuralgia, neurcimaging
should be abtained to evaluate for the possibility of compres-
sion of CN 9 by a vascular loop (although most cases are idio-
pathic), and antiepileptics such as carbamazepine may be used
for treatment,

CRANIAL NERVE 11 (SPINAL
ACCESSORY)

CH 11 isanerve derived from upper cervical roofs that ascends
to the foramen magnum and then leaves the skull through the
jugular foramen with CM 9 and CH 100 CM 11 innervates two
musscles: trapesius (which raises the shoulder) and sternoclei-
domastoid (which turns the head to the opposite side). CN
11 can be damaged wnilaterally in the neck due to trauma or
surgery or at the jugular foramen with CN 9 and CN 10 (e.g.,
by glomus jugulare tumor).

The upper motor newrons for control of the sternocleido-
mistoid are believed to be ipsilateral {rather than contralateral
as for nearly all other muscles of the body), perhaps since the
sternocleidomastoid turns the head to the contralateral side.
Huppurt for this fdea comies from the nb&l.'ﬁ'-‘lﬁﬂ-n that ih’I-HI."E“S
having seizures tend to turn the head away from the seizing
hemisphere and toward the contralateral tonic-clonic motor
activity (i.e., activation of the ipsilateral sternocleidomastoid
causes the head 10 wrn contralaterally).
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CRANIAL NERVE 12 (HYPOGLOSSAL)

CN 12 (hypoglossal nerve) is a pure motor nerve innervat-
ing all muscles of the tongue except the palatoglossus (which
is innervated by CX 10), The hypoglossal nuclel reside in the
medulla, and as with other pure motor cranial nerves that
innervate skeletal muscle, these nuclei are dorsal/posterior
and midline (see Ch. 9). Just as with CN 7, each CN 12 nucleus
receives input from the corticobulbar tracts originating in the
contralateral motor cortex {these are the upper motor neurons
in the svstem; the bilateral CN 125 contain the lower motor
neurons). Unilateral tongue weakness causes the tongue to
deviate to the weak side: when irving to protrude the 1ongue
midline, the stronger side wins, pushing the tongue over 1o
the weaker side, Weakness of the tongue can cause dvsarthria,
specifically for lingual sounds (e.g. difficulty producing the
consonant "L "D, or STk

A unilateral hvpoglossal nucleus, fascicle, or nerve lesion
results in ipsilateral tonpue weakness, causing deviation of
the tongue toward the side of the lesion. Causes of CN 12
palsy include head and neck tumors, trauma, or surgery, as
well as internal carotid artery dissection. In medial nu_-dl-_ll.“—:,-

syndromie (caused by Infarct in the territory of the: anterior
(portion of the nerve 4till

spinal artery), the CN 12 fascic
d the descending (not-vet-crossed) cor-

v ipsilateral tongue

in the brainstem)

ticospinal-tract are affected, 50 there w

weakness and contralateral body weakness. Bilateral tongue
weakness with atrophy and fasciculations can be seen in
motor neuron disease such as ALS (see Ch, 28]

A lesion of the corticobulbar tract (in the cortex, subcor-
tical white matter, or brainstem prior to synapse on the hypo-
glossal nueclews in the medulla) results in contralateral tongue
weakness, causing deviation of the tongue away from the side
of the lesion. With a stroke affecting the motor cortex, for
example, one will observe hemiparesis contralateral to the side
of the hemispheric lesion, and the tongue will also be weak on
the side of the hemiparesis. Therefore, the tongue will devi-
ate toward the side of body weakness (which is away from the
side of the hemispheric lesion). The reason for tongue devia-
tion toward the weak side contralateral to a cortical lesion is
not just simple crossed innervation: All tongue muscles are
bilaterally innervated except genioglossus, the main longue
protruder, which is only innervated by the contralateral hemi-
sphere, S0 the main muscle affected by a hemispheric leslon is
the contralateral genioglossus, causing the tongue to protrude
toward the weak side (overcome by the strang genioglossus on
the normal side).

Eor summary tables of cranial nerve functions, cranial
nerve nuclei functions, and cranial nerve-mediated reflexes,
see Tables 9=2, 9=3, and 9-4.
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INTRODUCTION TO ANATOMY AND
DISEASES OF THE PERIPHERAL
NERVOUS SYSTEM

lhe peripheral nervous system includes the nerve roots,
dorsal root ganglia, brachial and lumbosacral plexuses, and
peripheral nerves. Nerve roots join to form plexuses {cervical
plexus, brachial plexus, lumbosacral plexus), which give rise
to peripheral nerves.

Individual peripheral nerves may be sensory, motor,
autonomic, or mixed. Mixed nerves are two-way conduits:
Efferent motor information travels from the spinal cord to the
muscles and afferent sensory information travels in from the
periphery to the spinal cord.

Efferent motor signals travel from the anterior horn cells
{alpha motor neurons) into peripheral nerves by way of ven-
tral roots, These are the lower motor neurons that are under
the control of the corticospinal tracts (see Ch. 4).

Afferent sensory information travels from the peripheral
nerves to dorsal root ganglia, and from dorsal root ganglia
into the spinal cord by way of dorsal roots to enter the ascend-
ing sensory pathways (sce Che 4).

C H AP T E R

Electromyography/Nerve

DISEASES OF THE BRACHIAL OR LUMBOSACRAL
PLEXUS: PLEXOPATHY

DISEASES OF PERIPHERAL NERVES
Mononeuropathy

Mononeuropathy Multiplex

INTRODUCTION TO EMG AND NERVE CONDUCTION STUDIES
MNerve Conduction Studies
Electromyography (EMG)

Efferent peripheral nervous system sympathetic auto-
nomic signals originate in the intermediolateral columns
of the thoracic spinal cord, synapse in paraspinal ganglia,
and then travel in postganglionic neurons o end organs.
The parasympathetic control of the organs of the thorax and
most of the organs of the abdomen comes from the vagus
nerve (cranial nerve 10), with the exception of the final third
of the gastrointestinal tract, the bladder, and the repro-
ductive organs, which receive parasympathetic input from
nerves arising from nerve roots from sacral levels 2 through
4. The central control of the autonomic peripheral nervous
system comes from hypothatamic-brainstem pathways.

Peripheral nervous system pathology can attect the roots
iradiculopathy), dorsal root ganglia (ganglionopathy: also
known as sensory nenronopathyl, alpha motor neurons
(motor nearon discase), brachial or lumbosacral plexus
{plexapathy), or one or more peripheral nerves (peripheral
neuropathy).

Localization of focal or multifocal peripheral nervous sys-
tem findings requires determining whether a pattern of weak-
ness, sensory disturbance, andfor reflex diminution/absence
can be explained by a problem with:

129
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TABLE 15=1 Clinical Features of Peripheral Nervous System Disorders.

_—
e

= BN  KeyClinical Feature Focal Varsus Diffuse Characteristics of Pain, if Present
] MM Pain Focal symptoms limited to roat Radiating in root distribution
distribution, aften asyimimeétric
Ganglionopathy Sensory ataxia Diffuse. ustally symmetric I present. often burning in guality
[Sensory neuranopathy]
Plexopathy Weakness > sensory loss Focal symptomslimited 1o Depends on etiology
Envodvied Emib
Mononeuropathy Weakness and/or sensory loss Focal symproms limited 18 If present, in distribution of invebved

single nerve distribution

Weakness and/or sensory loss
‘teakness andfor sensoey loss

Fasedthedial and o pain

Muitifocal, usually asymmetnic

Diffuse, usunlly symmetric

nerve
Present when vasculitis ks etiology

1§ present, symmaetric and usually
Biging distally

« A single nerve (mononeuropathy]

= A single root (radiculopathy)

nerves (mononenropathy multiplex)
polyradiculopathy

il or lumbosacral plexus (plexopathy

The main 53 mploms

5 SVSICM AlF0rder arg

in their

more del

aocalization guides dif-

EEPHE
ferentia ent types of pathologic pro-
c s of the peripheral
EFVOL canses of pathology at cach level
of the § 1 svstem are listed in Table 15-2 and
discusse il below. Note that diabetes and HIV
can cau of different types of peripheral nervous

ANATOMY AND DISEASES OF NERVE
ROOTS: RADICULOPATHY

Anatomy of Nerve Roots (Fig. 15-1)

I the cervical spine, each nerve root is numbered according
to the cervical vertebra above which it exits: The C1 root exits
gbove the €l vertebra, the €2 root exits above the C2 verte-
bra {between C1 and C2), the CF exits rool above C7 vertebra
(between C6 and 7). The root exiting between C7 and T1
is labeled as the C8 root (although there is no C8 vertebra),
This “resets” the numbering from T1 forward, so &t the tho-
racic, lumbar, and sacral levels, roots are numbered by the
bevel below which they exit: the T1 root exits below the T
veriebra (between T and T2), the L1 root exits below the L
vertebra (between L1 and [2), the 51 root exits below the 51
veriebra (between $1 and $2). The spinal cord ends at L1, and

the lumbar and sacral roots (the cauda equina) must descend
inferiorly from the L1 level to their corresponding neural
foramina to exit.

One of the most common causes of radiculopathy is inter-
vertebral disc prolapse, which occurs most commonly at the
cervical and lumbar levels where the spine is most mobile, At
both cervical and lumbar levels, disc prolapse most commonly
impinges on the nerve rool whose number corresponds 1o
the inferior veriebra of the pair of vertebrae surrounding the
disc. For example, the disc between C5-C6 most commanly
impinges on the C6 root, and the L4-15 disc most commeonly
impinges on the LS root. Note that because of the number-
ing scheme just described, this means that a herniated cervical
disc compresses the root at the level of exit, whereas a her-
niated lumbar or socral dise most commonly compresses the
rool that is going to exit at ife mext level down. For examiple,
a herniated disc at C3-C6 typically compresses the C6 root,
which exits between the C5 and C6 vertebral bodies. Most
commonly. lumbar disc herniation impinges upon the root
on the way down to the next level, called posterolateral disc
herniation. Therefore, a hernfated dise at L4-L5 most com-
monly compresses the L5 root, which is the root that is going
to exit between the L3 and 51 vertebral bodies (the root that
cxits between L4 and L5 15 the L4 root, which exits below s
corresponding L4 vertebra). Less commonly, far lateral disc
herniation can affect the root exiting at the level of the disc
fe.gn L4-L5 disc affecting the L4 root) (see Fig. 17-3).

A few reference poims are important in remembering
which sensory dermatomes correspond Lo which nerve roots
(Fig. 15=2):

« O the thorax and abdomen, the nipples are at the T4 level,
the umbilicus at T10, and the waist line at L1,

O the back, the most prominent cervical vertebra is C7F,
and the iliac crests correspond to the L3-14 level,

“The upper extremity is supplicd by C5-T2.

“The lower extremity is supplied by L1-52.

5§3.54-55 supply the area around the anus, and 53-54 supply
the genitalia,
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Schematic of the relationship of nerve roots to the spinal column., A: Sagitial view of the spine, shewing cervical rocts
bove ther coresponding vertebrae, whereas thoracic, lumbar, and sacral roots exit below their corresponding vertebrae, B: Axial view
(N CALSING Nefve 1001 Compréssion. C: Posteralateral lumbar dise herniation affecting the root exiting at the next level down
tween L4 and LS compresses LS roeot). D Central lumbar disc hermiation affecting multiple roots of the cauda equina. Reproduced

with permibssion from Aminoll M, Gr r_!enh-erv.] 0, Simon R: Clinical Neurslagy, 9th ed. New York: McGraw-Hill Education; 2015,

The roo supply of the upper and lower extremities is dis-
cussed in detail in Chapters 16 and 17,

Diseases of Nerve Roots (Radiculopathy)

Merve roots can be atfected by:

« Compression by local structures: disc, osteophyle

« Infection (radiculitish Eyme discase, cytomegalovirus
(CMV), herpes simplex virus 2 (H5V ), syphilis (along with
the dorsal columns in tabes dorsalis)

« Inflammation: Guillain-Barré  syndrome and  chronic
inflammatory  demyelinating polyradiculoncuropathy
(CIDP), both of which are polyradiculoncuropathies (i.c.,
affect both roots and nerves)

= Malignaney: compression die 1o spine melastases or lepio-
meningeal metastases

Nerve roots may be affected in isolation or

Ll 1) several roots
may be involved simultancously (polyradiculopathy), Nerve
oot ieritation is generally: painful, wigh pain radiating from
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FIGURE 15-2 schematic of dermatomes. Reproduced with parmission from Martin J: Meurcanatomy Text and Atlas, 4th ed. Mew York:
McGraw=Hill Eduecation; 2012,

the neck or back along the dermatome of the involved root, these 5}-|11|11,m115;||11,| signs is discussed for the upper and lower
This may be accompanied by sensory loss in the same distri- — extremities in Chapters 16 and 17,

bution. Depending on the root(s) involved, weakness andfor The most common cause of radiculopathy is compres-
loss of reflexes may be observed. The specific distribution of  sion due to degenerative disease of the spine leading to disc
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prolapse and osteophyte growth with spendylosis, which can
cause neural foraminal stenosis, leading 10 compression
of nerve roots. These changes can alse lead to central canal
stenasis, which can lead to spinal cord compression in the
cervical spine (which can cause myelopathy; see Ch, 16), or
compression of the roots of the canda equing in the lumbar
spine (which can cause neurogenic claudication: see Ch. 17).
Other factors that may contribute to ceniral canal stenosis are
2 congenitally small spinal canal and spondylolisthesis (dis-
placement of one or more vertebral bodies in the anteroposte-
rior plane, which can becaused by degenerative dissase of 1he
spinal column).

The cervical and lumbar regions of the spine are the
most mobile, and so they are the most prone (o wear and
tear, which can lead to degenerative changes. The most
common levels of radiculopathy due to degenerative
changes are at the most mobile areas within these regions:
C6-CF (leading to C7 radiculopathy). €5-C6 (leading 1o
Co radiculopathy), L4-L5 (most commeonly leading to L5
radiculopathy), and 1551 (most commonly leading ta 51
radiculopathy].

Depenerative disease of the spine can also canse back or
neck pain without causing radiculopathy or central canal ste-

nasis. Neunofmaging for back or neck pain is-generally only

ractable pain or progressive weakness
in’paticnts with a
1 evaluate for meta-
and fever (1o
dural abscess): In patients unable to undergo

e naed, It should be noted

radiculopathy due 1o disc disease
L 'Ew;.:.....l I.JII-.\.':\-'\ ||||.']1, % &l I"[:IH“,'&:-I'\'L'
i or intractuble pain. When pain is the primary
atients will obtaln rellef with nonsterod-

drugs (NSAIDS) or acetaminophen
(andfor a short course of oral steroids) and physical therapy.
Patients who do not respond to these conservative mea-
sures within 1-2 months may be considered for epidural
sterold injections. In patients with intractable pain in spite
of 2-3 months of conservative measures or in patients with
& progressive motor deficit, surgical intervention should
be considered if there appears 1o be radiologic evidence of
compressive radiculopathy that correlates with the patient’s
symploms. Surgical intervention may lead 1o faster improve-
ment than nonsurgical treatment in such cases. bul many
patients improve with conservative measures, and longer
term outcomes may not differ significantly between patients
who undergo surgery and those who do not. For patients
with chronic back pain with minimal response 1o standard
therapies, multidisciplinary pain management and comple-
mentary therapies such as yoga and acupunciure may be
helpiul.

Specific clinical features, diagnosis, and management of
cervical and lumbar radiculopathy are discussed in Chapters
16 (upper extremity) and 17 (lower extremity).

DISEASES OF DORSAL ROOT
GANGLIA: GANGLIONOPATHY
(SENSORY NEURONOPATHY)

The dorsal root ganglia are the cell bodies of pseudouni-
polar neurans that transmil sensory information from
the periphery to the spinal cord via the dorsal roots. The
dorsal root ganglia can be affected in isolation causing the
svndrome of dorsal root ganglionopathy (also known
as sensory neuronopathy). Dorsal root ganglionopathy
causes isolated sensory dysfunction (paresthesias, sensory
loss, sensory ataxia, pain) with spared strength. However,
gail and extremity movements may be severely impaired
by sensory ataxia in spite of full force (see “Distinguishing
cerebellar ataxia from sensory ataxia” in Chapter 8). Reflexes
are uzually absent. Burning pain may be present in some
CEES,
The causes of dorsal root ganglionopathy include:

+ Autoimmune disease: most commeonly Sjogren's syndrome
Paraneoplastic syndrome: most commonly due to anti-Hu
antibodies (which are most commonly associated with
small cell lung cancer)

Medications: platinum-based chemotherapeutic drugs
(platins), vitamin B6 woxicity

¥

Infection: most commuonly HIV

Some cases are idiopathic

"

Immune-mediated causes are treated with immunomaod-
ulatory therapy.

DISEASES OF THE BRACHIAL
OR LUMBOSACRAL PLEXUS:
PLEXOPATHY

Fathology of the brachial plexus in the lower neckfaxilla or
Iumbosacral plexus in the lower abdomen/pelvis leads to a
pattern of weakness and/or sensory loss in an extremity that
spans the distributions of multiple nerves and roots.

Causes of plexopathy include:

Injury: trawmatic injury, birth trauma (to the infant’s bra-
chial plexus or mother's lumbosacral plexus), or surgical
injury)

Malignant compression or infillration

« Radiation therapy

« Inflammatory plexiiis.

The most common causes of pathology of the brachial
and lumbosacral plexuses are listed in Table 15-3 and die-
cussed in detail for each extremity in Chapiers 16 and 17
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TABLE 15-3 Etiologies of Brachial and Lumbosacral Plexopathies.
Malignancy
Birth and Radiation
Trauma  Trauma Surgery Therapy Inflammatory Miscellansous
Erachial Ta Shaulder infury Sternctomy Lung Parsonage-Trmer Aucksack
Pl t inf i
exopiby LELL: Stinger (burner) Auillary dissection Breait Thh paratyE
syndrome g
Surgical positioning Lymghoma
Lumbosacral T Pelvic injury Pilwic surgery Coborectal Diabetic amyotio- Retropentoneal
Plexopathy motbar by (Brens-Garland hiEmatsma
Hip surgeey Gynecologic synidrome)
Lith Psoas abicess
ithotomy position Prajtate Kipathic Fambosa:
Lymphaoma cral radicudopbexus
meuropathy
Metastases

DISEASES

OF PERIPHERAL NERVES

[he peripheral nerves can be affected individually (mononeu-
ropathy), multiple individual nerves can be affected (mono-
neuropathy multiplex), or the peripheral nerves may be
affected throughout the body (polyneuropathy).

Mononeuropathy

Mononcuropathies most commonly accur due 1o compres-
sionfentrapment or trauma, but can rarely be caused by nerve
infarct (vasculitic neuropathy: see *Vasculitic Neuropathy™
below) or primary nerve tumor (eg., schwannoma, neura-
fibroma; see “Tumors of the Periphieral Nervous System” in
Ch. 24). The most common monroneuropathies are median
neuropathy at the wrist (carpal tunnel syndrome), ulnar new-
ropathy at the elbow, and peroneal neuropathy at the fbular
head/neck since these are the nerve segments most susceptible
1o external compression. The individual mononeurapathies of
the upper and lower extremities are discussed in Chapters 16
and 17.

Mononeuropathy Multiplex

Mononeuropathy multiplex refers 1o the scenario in which
multiple individual nerves are affected simultancously or in
sequence (e.g., a radial neuropathy followed by a peroneal
neuropathy ). Mononeuritis multiplex refers to the scenario in
which mononeuropathy multiplex arises from an inflamma-
tory etiology (eg, vasculitic neuropathy).

The differential diagnosis for mononeuropathy multiplex
includes:

» Vasculitic neuropathy (see below)
» Infections: leprosy, HIV, hepatitis C

Malignancy: neurolymphomatosis or paraneoplastic
neuropathy

&

Multifocal motor neuropathy and multifocal acquired

demyelinating sensory and motor neuropathy (MADSAM)
{see Ch, 27)

« Hereditary nearopathy with liability 1o pressure palsies
(HNPP) (see Ch, 27)

« Diabetes (although this more commonly causes a symmet-
ric polyneuropathy)

= Amyloidosis (see Ch. 27)

All are discussed elsewhere except vasculitic neuropathy
{see below),

Vasculitic Neuropathy

Vasculitis of the nerves causes nerve infarcts, resulting in
painful, acute-onset mononeuropathies (“strokes”™ of the
peripheral nerves). Vasculitic neuropathy commonly presents
as classic mononeuropathy multiplex. However, if overlap-
ping nerves are affected, vasculitic neuropathy may present
as more confluent regions of sensorimotor deficits imitating
polyneuropathy (although vasculitic neuropathy more com-
monly presents  asymmetrically, whereas polyneuropathy
most commonly presents symmetrically).

Vaszculitis affecting the peripheral nervous system is clas-
sified as either secondary to a systemic cause of vasculitis or
as primary nonsystemic vasculitic neuropathy (e, vasculitis
isolated to the peripheral nervous system). Systemic canses of
vasculitis include:

Primary systemic vasculitis: granulomatosis with poly-
angiitis (formerly called Wegener's granulomatosis) or
Churg-Strauss syndrome (also known as cosinophilic gran-
ulomatosis with polyangiitis)

Systemic autoimmune disease: lupus, Sjogren's syndrome,
rhieumatoid arthritis, sarcoid

Systemic infection: HIV, hepatitia B, hepatitis C (assodiated
with cryoglobulinemia)

When vasculitic neuropathy is suspected, serologic studies
should be sent to evaluate for systemic vasculitis (erythrocyte
sedimentation rate [ESR], C-reactive protein [CRP], perinu-
clear antineutrophilic evtoplasmic antibody | p-ANCA] cyio-
plasmic antineutrophilic cytoplasmic antibady [c-ANCAJ),
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svatemic aptoimmune diseases (antinuclear antibody (ANA),
anti-Fo, anti-La), and viral infections (HIV, hepartitis B, hepa-
titis  and cryoglobulins) that can cause vasculitis. Nerve con-
duction studies typically show signs of axonal loss (decreased
amplitudes) since infarction leads to nevronal death leaving
fewer axons to contribute to. nerve conduction amplitade.
Definitive diagnosis is made by nerve biopsy showing vasculi-
ti5. Treatment is with immunomaoduolatory therapy.

Polyneuropathy is discussed in Chapter 27. In contrast
to.mononeuropathies and mononeuropathy multiplex which
tend to present asymmetrically, peripheral polyneurapathy
most commonly presents ssmmetrically.

INTRODUCTION TO EMG AND
NERVE CONDUCTION STUDIES

Electromyography (EMG) and nerve conduction studies serve
several functions, including:

= Localization of symptoms and signs to particular roots and/
armerves and to particular sites along individual nerves (see
Chs. 16and 17)

i ion between axonal and demvelinating neuropa-

i (see Ch. 27

» THstinction between diseases of nerve and diseases of muscle
= Dhagnosis of diseases of the neuromuoscular junction (see

Ch. 29

Nerve Conduction Studies (Fig. 15-3)

Compound Motor Action Potentials (CMAPs) and
Senszory Nerve Action Potentials (SNAPs)

tric. stime-

& FICTVOS are

d th 1 1= prodiced by
st Ie rec mator nerve b5 stimulated, the
. - } 5 i " ] 1 I.E
Fesp & innervaled it obierved, called the com-

tion potential (CMAP). Ifa <en-
e response is recorded somewhere
ed the sensory nerve action polen-
SMAPL, the nerve may be stimulated distally
imally (orthodromic stimelation; the same
1! sensary impuldses travel), or the nerve may
be stimulated proximally and recorded distally (antidromie
stimulation; the opposite direction from the normal sensory

pound muoscle (or maotor) 1

" |
i

tial (SNAP

1 recorded

i
& HICn

=]

Lransmission),

The three main festeres of CAMAPs and SNAPs used in
clinical disgnosis are amplitode, distal latency, and con-
duction velocity. The amplitude predominantly reflects the
integrity of axons in a nerve: the more axons, the higher the

[ .
A

FIGURE 15-3 schematic of nerve conduction study. Repro-
duced with permission from Ropper A, Samuels M, Klein k Adams
and Victar's Principles of Newrology, 104h ed. New York: McGrawe-Hill
Education; 2014

amplitude; the fewer axons the lower the amplitude. There-
fore, axemal newropathies will cause decreased ampliticdes
of CMAPs and/or SNAPs {mnemonic: axonal neuropathies
cause decreased amplitudes). Note that since the CMAP is a
measiire of the muscle action potential, muscle diseases can
also decrease CMAP amplitude,

Recall that myelin's function is to increase the speed of
nerve transmission, Therefore, demyelination decreases con-
deeetion velocity and prolongs distal latency (e, conduction is
slower, pridonging the time for nerve impulses to travel from
proximal 1o distal).

Focal Slowing and Conduction Block

Dremyelination can be focal, multifocal, or diffuse. In acquired
ctiologies of demyelination, the demyelination is generally focal
or multifocal. For example, anacquired nerve injury (e.g., carpal
tunnel syndrome at the wrist, ulnar neuropathy at the dbow)
causes focal demyelination, and acquired immune-mediated
demyelination {e.g, acquired immune demyelinating poly-
radiculoncuropathy [AIDP] or chronic irl":mmatmr].- demy-
elinating polyradiculoneuropathy [CIDP]) causes multifocal
demyelination. In most etiologies of inherited demyelination
{ege Charcot-Marie-Tooth type Uk all myelin is abnormal, and

“Ihe SNAP conduction velocity is determined by measuring the distance between the stimulating electrode and the recording site, and dividing
this distance by the time it takes from stimulation o SNAP (latency). The CMAT requires transmission not only from the nerve to the muscle,
but also across the nesromuscular junction, and this neuromuscular transmission also takes time. Therefore, inorder 10 calenlate the velocity
with respect to transmission along only the motor nerve, the nerve is stimulated at two different locations, and the velocity is determined by
the distance between these podnts divided by the ditference between the tine from the more proximal stimulation Point 1o the CAMAT and the
more distal stimulation point (o the CMAP (Fig 15-3). This allows for analysis of transmission across the nerve, subtracting out the time related

Lo transmission across the neuromuscalar junction.
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so demyelination and resultant slowing of conduction veloc-
ity is diffiese (hereditary neuropathy with liability to pressure
palsies is an exception; see Ch, 27). When demyelination is
diffuse, conduction velocities are decreased Hrrowghout each
individual affected nerve. If there is a focal region of a nerve
that is demyelinated (e.g., the median nerve in the carpal tun-
nel in carpal tunnel syndrome), there will be focal slowing
across this region: when stimulating proximal to the lesion and
recording distal ta it, the focally demyelinated region will cause
slowing of the nerve impulses, However, ifboth the stimulating
and recorcding sites are distal to the abnormal region or both
are proximal to i, conduction velocity should be normal, The
finding of
1 partic
the ulnar nerve

[ focal slowing allows for localization of a lesion along
et the median nerve in the carpal tunnel;

i
W Do)

Areas of fo multifocal demyelination can also cause
| conduction block. When conduction
simlating a nerve proximal 1o a site of
focal demyelination and recording distal to it will not result in
any CMAP or SNAP. When conduction block is incomplete,
the CMAP and/or SNAP amplitude decreases when compared
1o stimulating and recording distal or proximal to the demy-
elinated segment. Above, demyelinating neuropathies were
deseribed as causing a slowing of conduction velocity and
axonal neuropathies as causing decreased amplitude, so why/
how would a demyelinating process decrease the amplitude
of CMAPs and/or SNAPs? In acquired demyelination, not all
individual axons within a nerve are demyelinated. Therefore.
when stimulating across a partially demyelinated region of 4
nerve, the normal axons conduct normally but the demyelin-
ated axons do not. Since this results in fewer normally con-
ducting axons, the amplitude decreases (there are other more
complicated reasons for decreased amplitude in conduction
block, which are bevond the scope here). Conduction block is
more casily detected in motor nerves.

Again, note that canduetion block andfor focal slowing
suggest acquired demyelination (nerve injury or acquired
demyelinating neuropathy; eg. AIDP or CIDP), whereas
uniform slowing throughout a given nerve suggests inherited
demyelination (e.g., Charcot-Marie-Tooth disease).

Recall that sensory nerves travel to dorsal root ganglia,
which give rise 1o the dorsal roots that enter the spinal cord.
Il the dorsal roots are affected in isolation (i.e, radiculopa-
thy), SNAPs can be normal since the nerve itsell may con-
duct normally even if its root is damaged. Motor neurons are
continuous from the anterior horn of the spinal cord inta the
peripheral nerves in which they travel, so a problem m:Tthre
along a motor nerve can lead to changes in CMAPs.

A |'-|||.".'-.-:.--.'||-l.: calle

block is:comple

H Reflex

Although the dorsal root is not able to be tested directly with
nerve conduction studies, it can be tested indirectly by way
of the H reflex. The H reflex is an clectrophysiologic test of
the reflex arc, which'is most commionly tested by examining
the ankle reflex pathway: stimulating the tibial nerve (afferent
sensory input to the reflex) and measuring the response in the
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saleus muscle. Since the impulse has to travel back through
the nerve and dorsal root into the spinal cord, this allaws for
a measure of dorsal root function, IF the tibial nerve has for-
mal CMAP and SNAP amplitude and velocity but the H reflex
is absent (or has a prolonged latency), this suggests dysfunc-
lion of the 51 root or 51 level of the spinal cord. If there is o
generalized peripheral neuropathy, this will affect aferent and
efferent components of the H reflex, limiting interpretation,

FWave

The praximal portion of motor nevrons can be assessed by way
of the E wave. If a supramaximal stimulus is given to a molor
nerve, in addition to observing the CAMAP, a subsequent wave
called the F wave is observed. The F wave is the result of the
stimulation also passing retrograde (antidromic) up the nerve
(e, in the "wrong” direction), and stimulating the nerve to fire.
Since this takes more time than the direct path down the nerve
(i.e., orthodromic; in the “normal” direction), the F wave ocours
after the CMAF. If the F wave is delayed (prolonged F wave
latency} or absent in the setting of normal CMAPS, this signi-
fies proximal motor nerve pathology or spinal cord pathology.

Abnormal F waves and H reflexes (prolonged latency or
absence) are common early findings in Guillain-Barré syn-
drome (reflecting root involvement) (see Che 27).

In summary, using nerve conduction studies, individual
nerves can be studied to determine the sitefs) of nerve dys-
function (i.e.. which nerve(s] and where along the nerve[s] if
there is focal demyelination) and type of nerve dysiunction
(i.e.. axonal vs. demyelinating).

Electromyography (EMG) (Table 15-4)

EMG evaluates activity in individual muscles. EMG does not just
detect primary musele pathology, but can also detect changes
in muscle caused by nerve disease (ie., denervation and subse-
quent reinnervation). This latter function of EMG is important
in localizing problems to a particular nerve or roeot: By examin-
ing which muscles show signs of denervation/reinnervation on
EMG, it can be determined whether these muscles correspomnd
to a particular nerve, root, or multiple nerves andfor roots.

The paraspinal muscles are the museles innervated most
proximally (closest to the spine). Therefore, EMG changes in
these muscles suggest pathelogy at the root level,

EMG findings can be divided into those that occur with
insertion of the EMG needle into the muscle (insertional activ-
ity). those that occur with the muscle at rest (spontaneous activ-
ity), and those that ocour with patient activation of the muscle
[voluntary activity). With voluntary activation, the motor unit
action potentials (MUAPs) are analyzed for their ampli-
tude, duration, whether their number of phases is increased
(polyphasia), and the pattern in which they are recruited with
increasing activation of the muscle by the patient (Table 15-4);

Insertional Activity
some insertional activity is normal as the needle enters the
miscle, but if this activity continues bevond the briet period

of insertion, this is pathalogic, although not specific: it can
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TABLE 15-4 EMG Findings in Muscle and Nerve
Diseases.

Muscle Primary Nerve
Disease Disease
Fasciculation S iCamalsobe a
potentials benign finding)
‘Myokymic discharges W
Myotenic discharges o
Fibrillation potentials o W
Voluntary activity:
Motor unit action
potentials
Amplitude Decreaed Increased
Duration Decraased Increased
Phasos Pohyphasia Polyphasia
Recruitment Early Reduced

n primary muscle pathology (eg. myvopathy) or in

rervated muscle {Le., neuropathy)

Spontaneous Activity

Liscie shonid

sponianeous

=5, myotonic discharges
I owith miuscle diseases, and fibrillation potentials

NUSCHE OF NETYE I.II‘-I.'1I~"I.".-. Une instance in

iarpes are particulirly helpiul is that they
on-induced plexopathy, distinguishing it
tration of the plexus (which does not cause
mvakymic discharges: see Chs. 16 and 17),

from mallpnant i

Voluntary Activity

Mator unit action patential (MUAP) amplitude, duration,
and phases (Fig. 15-4)—In primary muscle diseases, muscle
fibers are lost, and so corresponding MUAPs have decreased
amplitude and duration (Fig. 15-48).

In diseases affecting peripheral nerves, denervated mus-
cle fibers are reinnervated by surviving axons after the acute
period of denervation. Since surviving axons are taking over
tor axons lost 1o the disease process, these surviving axons
must innervate a larger number of motor fibers than they did
previously, Therefore, each nerve impulse leads 1o the simul-
taneous stimulation of more musele fibers than before, This
causes the resultant MUAPs wo be larger (incremsed amplitude).

e
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CUTE 1544 schomatic of moter units in musele and nerve
diszase. See text flor explanation. Adapted with permission

{rom Ropper A, Semieels M, Khein ) Adams and Victor's Princighes of
Mewrology, 10th ed. New York: MoGraw-Hill Education; 2014.

longer {increased duration), and to have more complicated
morphology with multiple phases (polyphasia) (Fig, 15-4C).
Polyphasia can also be seen in muscle disease,

Motor unit action potential (MUAP) recruitment pattern
{Fig. 15-5}—To increase muscular force, motor units can fire
faster, or more motor units can be recruited (Fig. 15-5A). In
diseases of motor nerves, there is loss of motor axons so there
are fewer overall motor unilts w0 recruil (reduced recruit-
ment). To generate adequate force, the existing units fire
more rapidly 1o compensate (Fig. 15-58), In primary muscle
diseases, the overall number of motor units is the same but
there are fewer functioning muscle Hbers in each motor unit.
Thercfore, 1o gencrate adequate force, more units are acti-
vated together early in muscle comtraction, a pattern ealled
early recruitment (Fig 15-5C]),
In patients with central nervious sVslem causes of weak-
ness (e, corticospinal tract lesion or poar effort), there are
fewer motor units recruited, bul they fire at a normal rate,

Repetitive stimulation to assess the neuromuscular june-
tion is discussed with discases of the neuromuscular junction
in Chapler 29,
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I Sehematie of patterns of motor unit recruitment. See text for explanation. Reproduced with permission from Ropper A,
Samuels M, Klain ) Adams and Victor's Principles of Neurology, 10th od. New York: MoGraw-Hill Education; 2014,
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Radiculopathy,
Plexopathy, and

Mononeuropathies of
the Upper Extremity

=

MNEUROANATOMY OF THE UPPER EXTREMITY

The Nerve Root Supply of the Upper Extremity

The Brachial Plexus
The Nerves af the Upper Extremity
Sensory Supply of the Hand
CERVICAL RADICULOPATHY
BRACHIAL PLEXOPATHY
Traumatic Brachial Plexopathy
Meoplastic and Radiation-Induced Plexopathy

NEUROANATOMY OF THE UPPER
EXTREMITY

The Nerve Root Supply of the
Upper Extremity
In the cervical spine, nerve roots are numbered by the cervi-
cal level above which they exit: The C1 root exits above the
C1 vertebra, the C2 root above the C2 vertebra (between
C1 and C2), the C7 root above the C7 vertebra (between Co
and C7). The root exiting between C7 and T1 is the C8 root
(there is no C8 vertebra). This is different from the theracic,
lumbar, and sacral levels, where roots are numbered by
the vertebral level below which they exit: the Tl root exits
below T1 (between T1 and T2), the L1 root exits below L1
(between 1.1 and L.2). the §1 root exits below 51 (between 51
anel 82) (see Fig. 15-1). _
The lateral upper arm is supplied by C5, the lateral fore-
arm and lateral hand (including the thumb) is supplied by
C6. the middle of the hand (including the middle finger) is
.‘~Ll[l|}|_i;|;..| ['..}- 7, the medial hand {'rI:I!:.']I.I.I:II'J'lE‘, the ring |—I11.E:|_‘I‘
and the fifth finger) and medial forearm are supplied by C8,
the medial upper arm is supplicd by TL and the axilla s sup-
plied by T2; the index finger may be supplied by C6 or C3.
(Fig. 16-1), On the dorsum of the arm/hand this same pattern
is maintained. To remember this, trace around your own arm

C H

A P T E R

Parsonage-Turner Syndrome (Neuralgic Amyotrophy)
MONOMEUROPATHIES OF THE UPPER EXTREMITY

Median Neuropathy

Ulnar Neuropathy

Radial Neuropathy

Axillary and Musculocutaneous Neuropathies

naming the dermatomes: On the arm with the palm facing
upward, trace around the arm from lateral upper arm (C5) 1o
lateral forearm (Cé), around the hand from the thumb (£6] to
the index and middle fingers (C7) to the ring and fifth fingers
(C8), around to the medial forearm (C8) to the medial upper
arm (T1) to the axilla (T2).

The Brachial Plexus

The nerve roots supplying the upper extremity (C5-T1) join
to form the brachial plexus. The terminal branches of the
brachial plexus are the nerves to the upper arm, forearm,
and hand: the axillary, musculocutaneous, radial, ulnar, and
median nerves, Nerves that arise from the plexus proximal
to the terminal branches supply the shoulder muscles (long
thoracic, suprascapular, subscapular nerves). pectoral mus.
cles (medial and lateral pectoral nerves), and sensation to the
medial upper arm and forearm (medial brachial cutaneous
and medial antebrachial cutaneous nerves).

The best way to learn the brachial plexus is to draw it over
and over again (Fig. 16-2). A mnemonic theme in drawiug it
is the theme of threes. Figure 16-2 is a schematic of the lefi
l'rr:u:h:.ﬂ plexus, oriented with the left arm held out with the
left hand on the right side of the page and the thumb up. In the

arm, Ehu radius/thumb side is considered lateral and the ulng)
fifth finger side is considered medial,

141
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FIGURE 16=1 Schematic showing dermatomes of the upper extremity. The index finger may be supplied by C6 or C7; see alio Fig. 15-2.
Reproduced with permission from Waxman 5: Clinical Nevroanatomy, 27th ed. Mew York: McGraw-Hill Education: 2013,

. Draw three headless, armless, short-

geed, long-bodied
stick fipures with the first and third hoving thel

leps
-

ngto the left, and the middle one shorter and with

I egs pointing to the right (Fig. 16=2A)

the sm
2 Draw three lines in the shape of another headless, arm-

ure on its side with the legs connecting to the

ower lines and the "body” TUTNE |‘1.".'.'.Ii!-.': lo

upper and
those lines (Fig. 16-28).

3. Diraw three more lines: an X connecting the upper two
horizontal lines, and a diagonal line connecting the bot
tom fwo | Fl!_; 16-2),

1. Labei the :J'i_'g.'.:!'n from proximal (left of the disgram)
1o distal (right of the diagram): roots, trunks, divisions,
cords, branches (nerves) 1'!":1.".. lea=200):
= The rools that make up the brachial plexus are C5,

Ca, CF, C8, and T1. These correspond to the five stur
ing points on the left side of the diagram from top to
hoittom.

The segments before the X and diagonal line are the
upper, middle, and fower trunks.

The X and the diagonal line are the anterior and poste-

rior divisions, which join to form the three cords.

« ‘The three posterior divisions join to form the poste-
rior cord.

= Theanterior divisions of the upper and middle trunks
form the lateral cord.

+ The anterior division of the lower trunk forms the
medial cord.

= The posterior, medial. and lateral in the names of the

cords are based on their anatomic relationship to the
axillary artery.

« The terminal branches are the five main nerves to the
upper arm, forearm, and hand.

« The terminal branches of the posterior cord are the
radial nerve and the axillary nerve,

« From topto bottom, the three terminal nerves orig-
inating from the sideways “M” shape are the mus-
culocutancous nerve, median nerve, and ulnar
NErve.

Being able to reproduce this much from memory and

knowing the muscles supplied by the terminal nerves will
get vou quite far in terms of localization to nerve(s), cord(s).
trunk(s), and/or root(s). The next level of detail is the domain

of n

euromuscular f.‘-:].'l‘l..‘l'l S
Eleven additional nerves come off of the brachial plexus—

nine of these can be remembered by several more rules of

threes (Fig. 16=2E).

« Three nerves arise from roots:

I,

Long thoracic (C5-C7): innervates serratus anterior
{weakness leads to scapular winging)

Nerve to the subclavius (C5-C6): innervates subclavius
(depresses the shoulder)

Darsal scapular nerve (C4-C5): innervates rhomboids
{bring the scapula toward the back)

Three nerves arise from the posterior cord:

Upper subscapular: innervates subscapularis {internal
rotation of the upper arm)

Lower subscapular: innervates subscapularis and teres
major (adducts and internally rotates the upper arm)
Thoracodorsal: innervates latissimus dorsi (various
movements of the shoulder)
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FIGURE 16-2 Schematic showing how to draw the brachial plexus. See text for explanation.

+ Three nerves arise from the medial cord, all of which have
trecelial in their names:

I

Medial pectoral: innervates pectoralis major and minor
(various movements of upper arm)
Medial brachial cutaneous: sensation to medial upper arm

Medial antebrachial cutancous: sensation to medial
forearm

The last two nerves can be remembered by their relation to

two other previously mentioned nerves:

There is a medial pectoral nerve from the medial cord,
50 there must be a lateral pectoral nerve, logically aris-
ing from the fateral cord (innervates pectoralis major).
There are subscapular nerves, so there must be 4 supra
scapular nerve (innervates supraspinatus and infra-
spinatus)—this nerve arises from the upper trunk, the
only nerve to arise from a trunk. Mo perves arise fram
divisions,
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Dirawings ot the brachial plexus wsually focus dispro-
portionatelv on the complex web of tronks, divisions, and
cords as is done here. This “web” is actually much shorter
in length than the terminal nerves. The roots and trunks are
located between the cervical spine and clavicle, the divisions
are just posterior to the clavicle, the cords travel from just
below the clavicle to the axilla, and the terminal nerves arise
in the axilla. Therefore, pathology affecting the neck and
upper chest can cause a plexopathy, whereas pathology in or
distal to the axilla will usually affect one or more individual
nerves.

The Anatomy of the Nerves of the

Upper Extremity

The upper extrémity can be divided Into the upper arm, fore-
arm, and hand. The thumb and fingers are moved by both
intrinsic hand muscles and muscles in the forearn with ten-
don insertions in the fingers and thumb. To summarize the
big picture (=ee Table 16-1 at the end of this chapter):

« The musculocutaneous nerve and axillary nerve onfy supply

irmi o

¥ DETWer

X

les (musculocutaneous: biceps, brachialis

IeTes IANoOr].

« The radial nerve supplics muscles «

£ LUppcT arm (ireceps,
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ted by the miedian
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Wil kTl ¥ FOTEarm

With respect 10/ the wrist, fingers, and thumb. some
important anatomic points are as follows (see Table 16-2 a1

51
the end of this L'i1.|]'|r;_‘j’_|:

» All wrist, finger, and thumb extensors are radial
nerve-innervated

= All flexor digitorum superficialis muscles are median
nerve-innervated

« All interossel are ulnar nerve-innervated.

« Where there is a division of labor between median and
ulnar nerves, the median nerve innervates lateral/radius
thimb-side muscles and the ulnar nerve innervates maedial!
ulna/fifth finger-side muscles:

« Flexor carpi radialis (median) vs flexor carpi ulnaris

{ulnar)

+ Flexor digitorum profundus 1 and 2 (median) vs {lexor
digitorum protundus 3 and 4 (ulnar)

« Lumbricals 1 and 2 (median) vs lumbeicals 3 and 4 (ulnar)
All nonextensor muscles of the fifth finger are ulnar
nerve-innervated (abductor digiti minimi, opponens digiti
minimi. exor digiti minimi, lexor digitorum profundus,
lumbrical 4} except the flexor digitorum superficialis (which
is median nerve-innervated)

Each muscle of the upper extremity is innervated by asin:
zle nerve except the flexor pollicis brevis, which is innervated
by both the median and ulnar nerves. However, each nerve is
made up of multiple roots, most roots supply multiple nerves,
and each muscle is generally supplied by more than one root,
Table 16-3 (at the end of this chapter) shows the overlap of
roots and nerves for the main clinically tested upper extremity
muscles. This table can aid in differentiating between nerve
and root lesions based on the pattern of weak muscles.

For example, axillary nerve pathology will cause weak-
ened shoulder abduction (deltoid), but will spare shoul-
der internal rotation (infraspinatus; suprascapular nerve)
and external rotation [subscapularis; subscapular nerve),
whereas a C5 root lesion will weaken all of these actions
(G5 input lost to axillary, suprascapular, and subscapular
nerves). In a radial nerve palsy, the brachioradialis will be
weak. but the biceps will remain strong (musculocutaneous
nervel, whereas a C6 root lesion will affect both the biceps
and the brachioradialis (C6 input lost to musculocutaneous
and radial nerves). A C7 root lesion would mimic a radial
nerve lesion except that the brachioradialis {muscle and
reflex) would be spared and shoulder adduction (latissimus
dorsi) would be involved.

The muscles, nerves, and nerve roots associated with the
commaonly tested actions of the upper extremity are listed
in Table 16-4 (categorized by action tested) and Table 16-5
{categorized by nerve tested) at the end of this chapter.

The movements of the thumb allow for three nerves to
be tested: the median nerve for thumb abduction (abductor
pollicis brevis; thumb out perpendicular to palm; Fig. 16-3A),
the ulnar nerve for thumb adduction (adductor pollicis:
thumb 1o palm; Fig. 16-3B), and the radial nerve for thumb
extension (extensor pollicis longus and brevis; “thumbs up;”
Fig. 16-3C). The opposition of the thumb and fifth finger is
a median nerve-innervated action for the thumb (opponens
pollicis) and an ulnar nerve-innervated action for the fifth fin-
ger (opponens digiti minimi),

Sensory Supply of the Hand (Fig. 16-4)

The region of sensation supplied by the median nerve
inclades the palmar surface of the thumb, index Illl'lg‘t'h middle
finger. and lateral hall {middle finger side) of the ring fin-
ger, and the palm proximal to the thumb and fiest 1weo and
a half fingers. :Ihu ulnar nerve supplies the rest of the pal-
mar surl’a.c-::_ of the hand: the medial side (hifth finger side)
of the ring finger, the fifih finger, and the palm immediately
proximal to these, Although the yinar nerve also supplies the
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FIGURE 16-3 examination of three movements of the
thumb to assess the three nerves innervating the hand. A:
Assessment of abductor pollicis brevis (median nerve), The
patient is asked to rest the thumb on top of the closed fist and then
1o shide the thumb towsard the midlinge “like a windshield wiper.” Here,
the belt hand of the examiner prevents thumb extension while the
right thumb of the examingr asiesses the strength of thumb abduc-
ticn, B: Assessment of adductor pollicis (ulnar nerve), The patient
I5 asked 1o squeeze the thumb toward the palm and first ingér "as if
holding a dollar bill tightly between the thumb and hand,” while the
examiner tests the strength of adductlon by brving to pull the thismb
sway from the hand. C: Assessment of extensor pollicis longus
and brevis (radial nerve). The examiner asks the patient 1o gree a
“thumibs up® sign, and the examiner assesses the strength of thumb
extension,

dorsum of the hand corresponding 1o its palmar coverage
(i.e., dorsal fifth finger and medial half of the ring finger]. the

median nerve's only sensory innervation on the dorsum of

the hand is the dorsal finger tips and nail beds of the index,
middle, and lateral half of the ring finger. "The radial nerve
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(superficial sensory branch) covers the rest of the dorsum of
the hand: the dorsal surface of the thumb, index ﬁn.gcr. mid -
dle finger, lateral half of the ring finger up to the fingernails
(which are supplied by the median nerve), and the dorsum
of the hand proximal to these.

An important localization pearl is that fhe proximal
thenar (thumb-side) palm, hypothenar (Gfth-finger side)
palm, and dorsum of the hypothenar region are innervated
by branches of the median and ulnar nerves that do not pass
through the carpal tunnel (median nerve) or Guyon's canal
{ulnar nerve) at the wrist. Therefore, in median and ulnar nea-
ropathies at the wrist, these proximal regions of the hand will
have intact sensation, whereas sensation will be impaired in
lesions of the median or ulnar nerves proximal to the wrist
(see "Median Neuropathy™ and “Ulnar Neurapathy™ below).

CERVICAL RADICULOPATHY

The differential diagnosis for radiculopathy includes:

» Trauma: traumatic dise protrusion or root avulsion

» Degenerative disease of the spine: disc disease, spondylosis

« Meoplastic invalvement of the roots: leptomeningeal metas-
tases, neurolymphomatosis

« Infectious radiculitis: herpes 5impl¢x virus (H5V), cyto-
megalovirus (CMV), tabes dorsalis in syphilis, Lyme disease

« Inflammatory disease: acute and chronic inflammatory
demyelinating polyradiculoncuropathy (AIDP and CIDP)

The most common cause of cervical radiculopathy is com-
pression due to degenerative disc disease and/or spondylosis of
the spine (cervical spondylosis). Disc material or asteophytes
lead to neural foraminal stenosis, compressing nerve roats. The
maost common levels affected are C6-C7 (affecting the C7 roat)
and C5-Co (affecting the €6 root), where the cervical spine is
most mobile. The predominant symptom of cervical radiculop-
athy is neck pain that radiates in the distribution of the affected
root(s) (see Fig. 16=1). In the atfected dermatome(s), dimin-
ished sensation, diminished or absent retlexes (biceps and bra-
chioradialis for C6, triceps for C7), and/or weakness {see Table
16=3) may be present depending on severity.

One examination maneuver to assess for radiculopathy as
a cause of neck/upper extremity pain is Spurling’s mancuver:
The patient turns the head 1o the side of the painand tilts the
head back, and the examiner pushes down ontop of the head
while the patient attempts to resist the examiner. 1f radiating
pain is reproduced by this maneuver, this is suggestive of cer-
vical radiculopathy (if only local neck painis reproduced, this
is nonspecihic),

If there is ambiguity between radiculopathy and ney.
ropathy (e.g.. C6 vs carpal tunnel syndrome or both, C8 v
ulinar neuropathy or both), EMGinerve conduction studies
can aid in localization. In pure r.n.iiculopﬂth}' (without con-
current neuropathyl, sensory nerve action potentials (SH AP
are normal because nerve conduction is measured distal o the
dorsal root ganglion, and the dorsal root cannot be assegsad
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ERACHIAL PLEXOPATHY

Pathology of individual plexus-derived nerves is discussed
below. Brachial plexopathy is distinguished on examination
by a combination of motor and/or sensory findings that can-
not be attributed to specific individual nerves or roots, requir-
ing localization to a cord, trunk, or multiple cords/trunks.
Brachial plexopathy can be caused h'!.-' ]'I-:I.lhl.‘.lll.'pg}" in the neck,
upper chest, or axilla, Causes of brachial plexopathy include
trauma (accidental injury, birth injury, surgical positioning),
malignant compresston/infiltration (most commonly. breast
or lung cancer), radiation therapy, and Parsonage-Turner
syndrome (an inflammatory brachial plexitis-also known as

¢ see CParsonage-Turner Syndrome
Neuralgic Amvotrophy)” below).

neuralgic  amyotr

Traumatic Brac

-hial Plexopathy
Iraumatic brachial plexopathy can occor due to:

Injuries in which the shoulder is depressed. increasing trac-
tion an the upper brachial plexus between thie neck and
shoulder, Examples include motorcyele accidents in which
the shoulder is the first point of contact with read, and birth
camil trauma in which the infant’s head is delivered before
the shoulder and the infant's shoulder gets stuck (shoulder
dystocia). With these types of injuries, the upper plexus
{supplied by C5-C6) is affected leading o upper arm weak-
ness with sparing of the hand (which is supplied largely by
CE-T1), calied Erb-Duchenne palsy.

Injuries in which the axilla is stretched, causing traction on
the lower brachial plexus, Examples include a patient’s arm
getting caught in a machine. a patient [lling from a height
and hanging on by the arm, or birth canal trauma in which
there is traction on the arm of the infant. With these types
af injuries, the lower plexus (supplied by C8-T1) is affected,
leading to paralysis of the hand, but sparing of the upper
arm (which is supplied largely by C5-C6), called Klumpke
palsy (mnemonic: E and D are alphabetically before K. and
Erb-Duchenne affects roots that are superior to Klumpke:
C5-Cé for Erb-Duchenne palsy vs C8-T1 for Klumpke
palsy).

Penetrating injuries to the axilla

»

*

Surgical Injury: axillary dissection, subclavian punciure,
surgical positioning of arm, slernolomy Causing compres-
sion of the brachial plexus

= Compression: either sustained (e.g., backpack strap in ruck-
sack paralysis) or forceful and transient (e.g., helmet of one
football player impinges on the shoulder of another, called
stinger syndrome or burner syndrome)

Neoplastic and Radiation-Induced
Plexopathy

The brachial plexus is most susceptible to neoplastic com-
pression near the lung apex (most commonly due to lung
cancer [called a Pancoast tumor in this location]) and in

the axilla (most commaonly due to axillary lymph node dis-
ease due o breast cancer metastases or lvmphoma). Com-
pression or infiliration of the plexus is often painful and the
lower plexus is more commonly affected, causing weakness
predominantly in the hand. Since the sympathetic fibers 1o
the face are supplied by C8-T1, malignant infiltration of the
plexus may also cause Horner's syndrome (ptosis, miosis,
and anhidrosis; see “Impaired Pupillary Dilation” in Ch. 10}
Primary tumors of the plexus (e.g., newrofibroma or
schwanomma) occur rarely {see Ch. 24). Contrast-enhanced
MRI of the plexus can be used 1o look for evidence of tumor.

Radiation damage to the plexus can also cause a plexopa-
thy, and the interval between radiation and development of
SYMpLoms Can as Iurll_.', A5 VRS N S0Me cases, r:lis'u:g CONCErn
for tumor recurrence. Features more suggestive of radiation
plexitis are;

Lack of pain (pain is a hallmark of neaplastic infiltration of
the plexus)

Upper plexus involvement (lower plexus involvement is
more common in neoplastic infiltration of the brachial
plexus)

Myokymic discharges on EMG (ot present in neoplastic
infiltration of the brachial plexus)

Parsonage-Turner Syndrome
(Neuralgic Amyotrophy)

Parsonage-Turner syndrome is an inflammatory brachial
plexopathy that often occurs following a physiologic stress
such as systemic infection, surgery. vigorous exercise, or
childbirth. Severe axillary andfor shoulder pain is the initial
symptom, and weakness in the arm subsequently emerges
over hours to weeks. Weakness tends to involve upper plexus-
innervated muscles (museles of the shoulder and upper arm),
although the lower plexus may be involved. Two nerves com-
monly atfected in Parsonage-Turner svndrome are the long
thoracic nerve (causing winging of the scapula) and the ante-
rior interosseous nerve (causing weakness in flesion of the
distal thumb, flexion of the distal index finger and middle fin-
ger, and forearm pronation). Sensory loss may be present, but
weakness usually predominates. Rarely, bilateral hindings can
accur, usually asymmetrically, Most patients spontaneously
recover completely over months to vears, although some prac-
titioners treat affected patients with a short course of steroids.
Analgesics and physical therapy are the key components of
supportive management. Recurrent attacks and family history
suggest the rare inherited torm of the condition.

MONONEUROPATHIES OF THE
UPPER EXTREMITY

Mononeuropathies of the upper extremities aré mosl com-
monly caused by entrapment (due o pressure or overuse
injuryl, surgical positioning, or upper extremity trauma, An
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acute-onset painful mononeuropathy without clear provoca-
tion should lead 1o consideration of nerve infarct as can be
sgen in vasculitic neuropathy (see Ch. 15).

Median Neuropathy

Carpal Tunnel Syndrome

The most common site of median nerve entrapment is in the
carpal tunmel at the wrist (carpal tunnel syndrome) where
the median nerve enters the hand along with all of the finger
flexor tendons. Occupations and hobbies requiring repetitive
wrist movements andfor sustained grip are common causes.
Orbesity, endocrinopathy (e.g., acromegaly, hypothyroidism),
pregnancy, and arthritis are predisposing faciors. Patients
rvpically complain of pain and paresthesias in the hand. espe-
cially at night, and may report that shaking the hand relieves
the symptoms. Although the median nerve sensory distribu-
tion only covers the palmar aspecis of the thumb and first
two and a half fingers {index. middle. and lateral half of ring
finger) and the nail beds of these digits on the dorsum of
the hand (see Fig. 16=4). it is not uncommon for patients to
describe pain andfor paresthesias in the whole hand, and even
ascending into the arm.

On examination, pinprick sensation may be diminished

in the palmar aspect of the thumb, index finger, middle fin-
ger, and lateral half of the ring finger (e, middle finger side
of the ring finger) compared to the palmar aipect of the fifth
finger and medial half of the ring finger (i.e.. fifth finger side of
the ring finger). A very helpful localizing finding when pres-
ent §s diminished pinprick sensation that splits the ring finger:
diminithed on the middle finger side of the ring finger (median
nerve suppliedt compared to the fifih finger side (ulnar nerve
supplied). Cervical radiculopathy (C6, C7. C8) can also cause
sensory changes in the thumb and fingers, but will not cause the
pattern of split sensory loss in the ring finger seen in median or
ulnar neuropathy (see Figs, 16=1 and 16-4). Another helpful
lucalizing sensorv finding in median neuropathy at the wrist is
the sparing of pinprick sensation over the proximal portion of
the palm on the thumb side because this is innervated by the
palmar cutaneous nerve, which is a median nerve branch that
does not pass through the carpal lunnel,

When weakness s present in carpal tunnel syndrome, it
is most commoenly noted in the abductor pollicis brevis. This
muscle can be isolated by asking the patient to slide the thumb
toward the midline “like a windshield wiper™ (abduction)
against the examiner’s resistance while the examiner isolates
abduction by preventing thumb extension (see Fig. 16-3A).
Weakness may be absent in mild cases of carpal tunnel syn-
drome. In advanced cases, atrophy of the thenar eminence
may be present,

Tinel's sign can be elicited by tapping over the carpal
tunnel and assessing for reproduction of the patient’s symp-
toms. Phalen's sign can be elicited by having the patient ilex
the wrists and push the dorsal surfaces of the wrists together
in a “reverse prayer” position for 30 seconds to see if symp-
toms are reproduced. These signs are not universally presem

in patients with carpal tunnel syndrome, and may be present
in patients withouwt the disorder, so they are both insensitive
and nomspecific,

When patients present with pain and paresthesias in the
hand and have sensory findings in the Iateral hand and thumb,
a distinction must be made between carpal tunnel syndrome
and ¢ervical radiculopathy. Radiculopathy typically causes
neck pain and radiation of pain down the arm, although it
may be hard to tease this apart from painful paresthesias in
the hand extending up the arm that some patients describe in
carpal tunnel syndrome. If abductor pollicis brevis weakness
and sensory symptoms in the thumb are both present in isola-
tion, this suggests carpal tunnel syndrome since the sensory
supply of the thumb is C6. but the motor supply of abductor
pollicis brevis is C8, and both C6 and C8 have more extensive
sensory and motor distributions beyend the thumb.

EMGMmerve conduction studies can be used to confirm
the diagnosis of carpal tunnel syndrome and assess the sever-
ity. The classic finding is slowing of median perve conduction
across the wrist, (Electro-diagnosis in carpal tunnel syndrome
can be more challenging in patients with a Martin-Gruber
anastomosis. a variant in which the median and ulnar nerves
are connected.)

For mild cases of carpal tunnel syndrome, treatment is
conservative, with rest from repetitive activities of the hand(s)
and a wrist splint to avoid continued irritation of the median
nerve. NSAIDs can be wsed for pain, with steroid injections
sometimes used in severe cases, In maoderate to severe cases,
surgical release can lead o improvement. After surgery, pain
may improve more rapidly than weakness or numbness,
which may not improve completely depending on the dura-
tion and severity of symptoms at the time of surgery.

Median Neuropathy Proximal to the Carpal Tunnel
Refeering To Table 16-1. note that all forearm muscles
innervated by the median nerve are innervated proximal to
the carpal tunnel. Therefore, weakness of flexion of the dis-
tal imterphalangeal joint (flexor digitorum profundus) of the
index or middle inger or weakness of flexion of any of the
proximal interphalangeal joints {flexor digitorum superficia-
lis) suggest median nerve pathelogy proximal to the carpal
tunnel. Referring to Figure 16-4, recall that the sensory supply
of the thenar eminence is innervated by the palmar cutaneous
branch of the median nerve, which does not pass through the
carpal tunnel. Sensory loss on the thenar eminence is there-
fore another clue to a localization proximal to the carpal tun-
nel such as the proximal median nerve, brachial plexus, or
€6 rool,

Ligament of Struthers—This is a rare anatomic variant that
can cause median nerve entrapment just above the elbow,
leading 1o complete loss of median nerve function, The ¢lini-
cal findings are identical 10 median nerve pathology at its ori-
gin in the axilla (since the median nerve does not innervate
any muscles proximal to the elbow), although pathology in
the axilla often atfects additional nerves of the brachial plexus.



CHAPTER 16 Radiculopathy, Flexopathy, and Moneneuropathies of the Upper Extremity

Anterior Interosseous Nerve and Anterior
Interosseous Neuropathy

The anterior interosscous nerve (AIN) is a pure motor
branch of the median nerve that arises just distal to the elbow
and innervates three muscles: pronator quadratus, flexor pol-
licis longus, and flexor digitorum profundus for the index and
middle fingers. Since pronation is also served by pronator
teres, the main findings in anterior interosseous neumpal_h}-
are loss of ability to flex the thumb and fiest two fingers at
the distal interphalangeal {(DIP) joint. This leads to inability to
make the "OK sign” due to impaired flexion of the distal pha-
langes of the thumb and index inger. The AIN can be affected
by trauma or surgical intervention in the proximal forearm
(e.g, placement of a dialysis fistula) and is often one of the
nerves affected in Parsonage-Turner syndrome.

Ulnar Neuropathy

The ulnar nerve can be palpated just superior to the medial
epicondyle of the humerus: plucking your ulnar nerve here
will cawse paresthesias in the medial hand, the basis of the
“funny bone” phenomenon. The most common site of
ulnar nerve entrapment is this location at the medial elbow,
although compression can also occur at Guyon's canal at the
wrist, Ulnar nerve entrapment at the elbow can occur due to
direct compression (leaning on the elbow, sleeping on the
elbow, coma), prolonged flexion (sleeping on the flexed elbow,
practicing the violin), or years after ¢lbow injury (tardy ulnar
palsy). Entrapment at the wrist can be caused by prolonged
pressure (e.g., after a long bicycle ride) or due to a ganglion
eyst in Guyen's canal,

Patients with ulnar nerve entrapment at the elbow typi-
cally present with paresthesias in the palmar aspect of the fifth
finger. Although the ulnar nerve travels through the arm and
forearm, its sensory territory is entirely distal to the wrist. The
sensory supply to the medial upper arm and forearm comes
from the medial brachial cutaneous nerve and the medial
antebrachial cutaneous nerves, which arise directly from the
medial cord of the brachial plexus. Therefore, sensory defi-
cits proximal 1o the wrist along the medial forearm suggest a
lesion at the level of the medial cord, lower trunk, or C8 rather
than ulnar neuropathy.

Sensory findings in ulnar newropathy only occur distal
to the wrist, involving the fifth finger, the medial half of the
ring finger (the lateral half is median nerve-innervated), and
the corresponding areas of the palm and dorsum of the hand.
Notably, however, the region of the palm between the wrist
and the ring finger and fifth finger, and the entire dorsal cov-
erage of the fifth finger and medial portion of the ring finger
are supplied by branches that do et pass through Guyon's
canal {the palmar and dorsal cutaneous nerves; see Fig, 16-4),
Therefore, sensation should be preserved in these regions in
ulnar newropathy at the wrist, but diminished in ulnar new-
rapathy at the elbow,

When weakness is present due to ulnar neuropathy,
it is in abduction of the fingers (dorsal interossei and
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abductor digiti minimi) and adduction of the fingers (pal-
mar interossei) and thumb (adductar pollicis). A classic
clinical sign demonstrating thumb adduction weakness is
Froment’s sign: A piece of paper is placed between the
thumb and index finger, and the patient is asked to held
the paper while the examiner pulls. In ulnar neuropathy,
the patient will flex the thumb (median nerve-innervated
action) to compensate for weak thumb adduction {ulnar
nerve=innervated action).

Flexor carpi ulnaris and flexor digitorum profundus for
the ring finger and fifth finger are forearm muscles and so they
are innervated proximal to the wrist, When weakness in these
muscles is present due to ulnar neuropathy, this significs ulnar
neurapathy at the elbow rather than the wrist, Weakness in
flexor digitorum profundus of the ring finger and ffth fin-
ger can be assessed by asking the patient to flex all four distal
finger lips at the DIP joints against resistance. A difference
in strength here as opposed to strength in flexor digitorum
profundus of the index finger and middle fnger allows for
comparison of ulnar nerve-innervated muscles and median
nerve-innervated muscles performing the same action.
Patients with mild ulnar neuropathy may have no weakness if
they present early in the course of the ulnar neuropathy, and
may have sensory changes isolated to the fifth finger as the
only symptom/sign.

Although a Tinel's sign at the elbow may be present in
patients with ulnar nerve entrapment at the elbow, you will
find that if you tap your own ulnar nerve hard enough at the
medial epicandyle, a Tinel's sign may be produced, so this can
be a nonspecific finding.

Merve conduction studies are helpful in determining the
site of ulmar nerve pathology if it is not clear clinically: slowing
can be found either across the elbow or across the wrist. IF the
entrapment is located at the wrist, ultrasound or MR should
be performed to look for a ganglion cyst unless there is a clear
history of sccupational or hobby-related etiology of compres-
sion at the wrist.

With mild findings in ulnar neuropathy at the elbow,
patients can be counseled not to lean on the elbow and not
to sleep on the affected side, although the latter may be dif-
ficult given that it is generally not a conscious decision. A flex-
ible elbow splint can prevent further irritation of the nerve
by inhibiting elbow flexion, and wearing the splint at night
can prevent inveluntary flexion of the arm during sleep. The
elbow can also simply be weapped loosely in a towel at night
to prevent flexion. Severe cases may require surgical release or
ulnar nerve transposition surgery.

Radial Neuropathy

Muremonic: the radial nerve is the “BEST™ it innervates the
brachioradialis, extensors (all forearm, hand, and finger
extensors), supinator, and teiceps. The hallmark of a radial
newropathy is wrist drop due to weakness of wrist and finger
extension. A key localizing feature is whether or not the triceps
and its reflex are involved because the triceps is innervated
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proximal ta the spiral groove of the humerus, and so it will
only be invelved in lesions proximal to this region (Le. in
the axilla). The radial nerve can be compressed in the axilla by
the use of crutches (iriceps will be affected since the nerve is
affected proximal to the spiral groove), or in the upper arm by
a humerus fracture or falling asleep with the arm in an inop-
portune position (e.g., draped over a chair; called *Saturday night
palsy” since it can occur in the etting of aleohol intoxication).

The radial nerve does not innervate any intrinsic hand

muscles—these are all innervated by the median and ulnar
nerves, However, the examiner can be deceived into think-
ing that intrinsic hand muscles are involved in radial neu-
ropathy if these muscles are not tested properly. Try it: Allow
vour wrist 1o {lex limply forward and then try to abduct or
flex vour fingers. You will see that this is harder to do if the
wrist is flexed compared to if the wrist is level, due to the ten-
sion in the fingers from the extensor tendons when the wrist is
flexed. To test the intrinsic hand muscles in order to evaluate
for additional weakness bevond radial nerve involvementin a
patient with a wrist drop, the hand must be in a neutral posi-
tion such as flat on a 1able,

[agnosis of radial neuropathy is usuallv clinically evi-
dent based on the pattern of weakness, but EMG/nerve con-
duction studies can be performed if the site of compression is
unclear, or for prognosis. Most compressive radial nerve pal-
sies recover within weeks 1o months, and a wrist splint may be
worn during the period of recovery lo maximize funclion of
the infrinsic muscles of the hand,

A small stroke in the hand arez of the motor cortex {pre-
central gyrus) can imitate a radial nerve palsy since upper
Molor neuron pattern upper extremity weakness can dis-
proportionately affect the éxtensors, triceps, and supinator,
which are all radial nerve-innervated muscles. Additionally,
acuie-onsel upper molor peuron lesions I'1:.g.. stroke) gener-
ally cause hyporeflexia and flaccidity in the acute selting, simi-
lar to findings with a peripheral lesion. If a patient awakens
with this pattern of arm weakness, the acuity of onset may be
unclear. When uncertain, brain imaging should be obtained.
especially in pativnts with vascular risk factors.

The radial nerve supplies sensation over the posterior
and lower lateral upper arm and forearm (posterior culane-
ous nerve of arm, lower lateral cutancous nerve of arm),
posterior forearm (posterior cutaneous nerve of forearm),
and the dorsum of the index, middle, and lateral half of the
ring finger up o the ingernail beds and dorsum of the hand
from this region to the wrist (superficial sensory branch).
On the dorsum of the hand, the superficial sensery branch of
the radial nerve mirrors the median nerve's role on the fromt
of the hand (except for the nail beds of the index finger, middle
finger, and lateral half of the ring finger. which are the only

median nerve-innervated sensory regions on the dorsum of
the hand). The ulnar nerve provides sensation to both the
palm and dorsum of the hand on the medial (ulnar) side, the
fifth finger, and the medial half of the fourth finger.

Reviewing the sensory supply of the hand, the sensory
supply to the palm is split between the median and ulnar
nerves, and the dorsum of hand is split between radial and
ulnar nerves except the fingernail beds of the index finger,
middle finger, and lateral half of the ring finger, which are
supplied by the median nerve {Fig, 16-4}, Isolated involve-
ment of the superficial sensory branch of the radial nerve
(Wartenberg’s syndrome) can therefore produce sensory
symptoms over the dorsum of the hand including the thumb,
index finger, middle finger, and lateral half of the ring fin-
ger, but will spare sensation in the nail beds of these fingers
(median nerve-innervated) and in the dorsum of the fifth
finger and the medial half of the ring finger (ulnar nerve-
innervated). Isolated involvement of the superficial sensory
branch of the radial nerve can be cansed by compression
of this nerve by handcufis or an arm cast compressing the
dorsal wrist,

Posterior Interosseous Merve and Posterior
Interosseocus Neuropathy

The posterior interosseous nerve (PIN) is a pure motor
branch of the radial nerve that supplies all radial nerve-
innervated muscles except the triceps, brachioradialis, and
extensor carpi radialis longus. The PIN can rarely be affected
in isolation causing isolated weakness of finger and thumb
extension and radial deviation of the wrist on wrist extension
(due to weakness of extensor carpi ulnaris with preserved
strength in extensor carpi radialis). Common causes of pos-
terior interosseous neuropathy inclede trauma to the elbow
and repetitive arm movements {occupational or hobby). A
common site of entrapement s at the arcade of Frohse, a ten-
dinows arch at the origin of the supinater muscle.

Axillary and Musculocutaneous
Neuropathies

The axillary and musculoculaneous nerves have shorier
courses than the other upper extremity nerves described
thus far since they only innervate muscles in the upper arm.
Although these nerves can rarely be involved in isolation (e.g..
due to shoulderfupper arm trauma or surgical positioning),
this is sufficiently uncommon that weakness in axillary nerve-
innervated muscles {delioid: shoulder abduction) or muscu-
locutancous nerve-innervated muscles (biceps: elbow flexion)
requires a carelul search for ather invelved muscle groups and
consideration of a brachial plexopathy.
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TABLE 16-2 Innervation of the Hand.
Intrinsic Hand Muscles e
_ index, middie, = A
Wrist Flexors Forearm Finger Flexors Thumb and ring fingers Wﬁ“ﬁlﬁé"
Median Flexor carpt Palmaris Flexor Flexor Abductor pal- Flexor pollicls Lumibricals
nerve radialis langus digitorum digiterum licls brewis longus 1and3
superficialis ?mlf';":"" Opponens Flenor pollicis
. Pollicis brevis*
Uinar Fhexor carpi Palmaris Flegor Adducter Flexor pollicis Lumdbiricals Abductor
HErve ulnaris borésvics digitorem pollicis brewis® Jand 4 dliggiti
prafundus minimi
Jand 4 Palmar
and dorsal Opponens
intenassel digiti
minimi
Flemor digiti
mvinami
Wrist Extensors Farearm Finger Extensors Extrinsic Muscles of the Thumb
Radial Extensor carpi radialis Extensor digitorum Abductor pol- Extensor
nirve Extensor carpl uinadis CommUnis lhchs longus 11:;[::::
Extensor Indicis proprius
< Extensor
Extensor digiti minimi pollicis
Thee Bewor pollicis brevis rmuscle recenves dual innensation from the mvedian ard ulnar rerves.
TABLE 16-3 Root and Nerve Supply of the Muscles of the Upper Extremity.”
€5 (o3 c7 8 m Y
Huillary nerve Dedtoid
Tieres minos
Suprazcapular nerve Supraspinatus
Infraspinatus
Long theracic nerve Sematus anterior
Thoracedorsal nerve Latissimus dorsi
Musculocutaneous nerve Blceps
Radial nerve Brachicradializ
Supinater
Extensgor carpd radialis
Triceps
Extensor carpi ulnaris
Extensor pallicis
Extensor indicis proprius
Extensor digitarum commainis
Median nerve Pronator pefes
Flewoar carpi radialis
Flexor digitomum superficlalis
Pronaror quadratus
Flexor digitomm profundus 1 and 2
Lumbricals 1 and 2
Abductor pollics brews
Flexor poflicls brevis
Flexar pollicls longus
Opponens pollicis
Uinar nerve Flexor canpd ulnaris
Flexor digitorum profundus 3 and 4
Pabmar and dorsal Interossel
Lumbricals 3 and 4
Adductor pollicis
Opponens digiti minkmi
Abductor digiti minimi

"Muscles in bakd have asseiated refleses.
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TABLE 16-4 Examination of the Upper Extremities by Action.
TR s Nerve |
Shoulder elevation Trapezius TN 11 (spdnal
Accessary nrve)
Abduction of upper arm (raising arm ke a chicken wing)
First 15-30 degrees Supraspinatus Suprascapular C5-L6
Beyond 15-30 degrees Deftoid Axillary C5-C6
Adduction of upper arm Teres major Levavier subscapular C5-Ci
External rotation of upper arm Infraspingtus Suprascapular C5-L6
Teres minor Axillary C5-C6
Elbow flexion
With forearm supinated Blceps Musculocutaneous C5-Ch
with ferearm half-pronated Brachioradialis Radial C5C6
[bottom of fist on table]
Elbow extension Triceps Radial C7-C8
Wirist flexion Flexor carpt radanlis Median C6-C7
Flexor carp winaris Uirnar 8T
Wrist extension Extensor carpl radialis Radial CH-CF
Extensor carpi ulnaris Radial Lol
Four mavements of the thumb
Abductien (thumd out 90 degrees liam Abductar pallicit brewvis Madian C8-T1
palm’frst inger)
Oppesition {thumb e ifth finger) Oppanens pollicls Median €8T
Adduction (thumb to side of index inger) Adductor pollicls Udniar CBTY
Extension thumis upl Extensar pollicks bongus and brevis ackal Cr-C8
Flexron of the fingers at the PIP joint Flexar digitarum superficialis Median Cr-C8-T1
Flexion af the fingers at the DIP joint
Index and middle finger Flewar digitorum profunduws Median CaT1
1and2
Ring and ffth finger Flexar digitorum profundus Ulnar CE-T1
Zand 4
Al extenzors of fingers and thumb Extensor digiterum commaunis Rasdial C7-CB
Extensor indicis proprius
Extensos digiti manimi
Extensor pollicss longus
Extensor pollicis brevis
Intrinsic non-thumb muscles of the hand (all ulnar except first and second lumbricals)
Adduction of fingers Palmar interossel Unar CB-TH
Abduction of fingers Dorsal interossel Ulnar CET
Flexion at the MCP joint while extending at PIP/DIP joints
Index and middle finger Lumbricals 1 and 2 Median €a-m
Ring and fifth finger Lumbricals 3 and 4 Linar C8-T1

Abbreviaticny DoF: dutal interphalamgeal pon; MCP: metacarpal phalargeal joing: PIP, prommal mlerphaiangeal joent
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TABLE 16-5 Examination of the Upper Extremities by Meryve, . iss
Herve Action
Musgle
Suprascapular nerve Upper arm abduction first 15-30
[raiging arm like chicken wi S Supraspinatis Horve roog,
'WJ -
U arm adducy oy
hii o Infeaspinatues
Long thoracic nerve Examine for scapular winging Senatus antedor Ctes
Axillary nerve Abcuction of upper arm D Cocecr
[raksing arm [fke a chicken wing) Cscs
Musculocutaneous nerve Flexion at ¢lbow of supinated foreanm Bieeps
Radial nerve Flexian at elbow of hall-pranated forearrm Brachioradiali; L5
(At on table) Co.CE
Extension of elbow Tri
b C7-Ch
Extension of wrist in radial direction Extensor carpi radialis o
Pasterior interesscous braneh Supination of forearm Supinater Chcr
of radial nerve
Extemsion of wrist in ulnar dinect:on Extensor carpi ubnasis Cria
Extension of fingers Extenses digiterum commanis 748
Extensor indicis propiius [ 8
Extendar digath ménirmi C1-CB
Extensar pallicis Bongus and brevis) Cre
Median nerve Fareanm pronaticn Proanatod teres o S
Flexion of wrist in radial direction Flexor carpi radialis 60T
Flexion of all fingers at PIP jeint Flexar digitarum supericialis [=:Rpl
Abduction of thumb [perpendicsar o Abductor pellicis brevis caTl
plane of patm)
Thurmis ta fifth finger (thumb movement) Cypponens pallics -2y
Flexion of index and middle fingers at MCP Lusmbricals 1 and 2 a1
while extending at PEIFDIP joints
Anterior interosseous branch OK sign Flewor pollicis longus and flexse e
of median nerve digitarum profundus 1
Flaxion of index and middie fingers at Flexar digitesurn prefundus T and 2 CaTI
DP jaint
Ulnar nerve Flexion of wrist in ulnar direction Flexor carpi ulnaris &M
Flexion of ring and fifth fingers at DIP joint Flesor digitorum profundus 3 and 4 caT
Adduction of thumb te palm Adductor pollicis am
Abduction of fingers Dorsal interossed om
{spreading Aingers apart)
Adducthon of Angers Palrnar intergsse CRTH
(holding fingers together)
Fifth finger to thumb Opponens digiti minimi @&
{fifth finger movement]
Flexion of fifth finger Flexor digiti minimi i
Abduction of Afth finger Abductor digiti minimi R
Flexion of ring and fifth Angers at MCP while  Lumbricals 3 and 4
extending at FIF/OHF joints e

Abireviations: DIF: distal intephalargeal join; MOF: metazaspal-phalangeal joint FIP: prosimal interphatanges joing
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NEURCAMNATOMY OF THE LOWER EXTREMITY
Anatomy of the Nerve Roots of the Lower Extramity

Anatomy of the Lumbosacral Plexus and the Nerves of
the Lower Extremity

LUMBOSACRAL RADICULOPATHY AND LUMBAR CANAL
STENOSIS

Lumbosacral Radiculopathy

Lumbar Canal Stenosis

Cauda Equina and Conus Medullaris Syndromes
LUMBOSACRAL PLEXOPATHY

NEUROANATOMY OF THE LOWER
EXTREMITY

Anatomy of the Nerve Roots of the
Lower Extremity

Al the thoracic, lumbar, and sacral levels, roots are num-
bered by the vertebral level below which they exit: The T1
rool exits below the T1 vertebra (between the T and T2
vertebrae), the L1 root exits below the L1 vertebra (between
the L1 and L2 vertebrae), and the 51 root exits below the 51
veriebra (between the S1 and 52 vertebrae). The spinal cord
ends at the L1-L2 vertebral level and the lumbar and sacral
roots must therefore descend to reach the vertebral levels
at which |h¢].- exit, These descending roots are referred to
as the cauda equina (See Fig. 15-1).

The sensory supply to the anterior thigh is covered by
L1, L2, and L3 in three diagonal stripes running from proxi-
malflateral to distal/medial, L4, L5, and 51 cover the anterior
shin in vertical stripes from medial to lateral: L4 covers the
medial knee, medial shin, and instep; L5 covers the anterior
and lateral shin and dorsum of the foot; and 51 the covers the
distal lateral call and lateral agpeet and plantar surface of the
foot (Fig, 17-1). A mnemonic way to remember the derma-
tomes of the lower extremity is to place your hands on your
hips pointing inwa rd/downward and then pat the thighs three

MONONEUROPATHIES OF THE LOWER EXTREMITY
Femoral Neuropathy
Obturator Neuropathy

Lateral Femoral Cutaneous Meuropathy (Meralgia
Paresthetica)

Sciatic Neuropathy

Peroneal Neuropathy

Tibial Neuropathy
APPROACH TO FOOT DROP

times moving distally toward the knee (L1, L2, L3). From the
knee, point the hands directly downward toward the feet and
pat the shins three times from medial to lateral (L4, L5, 51).
This medial-to-lateral pattern continues on the foot with the
medial foot (instep) supplied by L4, the lateral foot supplied
by 51, and the majority of the dorsum of the foot supplied by
L5 between the medial L4 and lateral $1 dermatomes.

The posterior middle thigh and calf are supplied by 51
(laterally) and 52 (medially}, and the 51 and 52 dermatomes
are bounded by L3-L4 medially and L5 laterally. See also
Fig. 15-2.

To learn the motor actions controlled by each root, prac-
lice moving through the sequence of tested muscle groups
from proximal to distal in front, then from proximal to distal
in back, naming the roots as you move the associated muscles
(Fig. 17-2): L2-L3 (hip flexion), L3-L4 (knee extension), L4-15
(dorsiflexion of the foot), L5-51 (hip extension), L5-81 (knee
flexion), 51-52 {plantarflexion of the foot). All root pairs in the
movement sequence are overlapping and in sequence, but note
that L5-51 is repeated for both hip extension and knee flexion,

Anatomy of the Lumbosacral Plexus and
the Nerves of the Lower Extremity

The lower extremity is supplied by nerve roots L1 through 83,
These nerve roots converge to form the lumbosacral plexus
s,
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The functions of the lumbar plexus include (Table 17-1):
« Motor
« Femoral nerve: iliopsoas (hip flexion) and quadriceps
(knee extension and patellar reflex)
« Obturator nerve: adductor muscles (hip/thigh adduction)
« Sensation
« Anterior thigh: femoral nerve
+ Medial thigh: branches of the femoral and obturator
nerves
« Lateral thigh: lateral femoral cutaneous nerve
« Medial shin and foot: saphenous nerve, a branch of the

femoral nerve {Mnemonic to remember the origin of the
saphenows nenie: saphenous nerve arises from femoral nerve)

The lumbar plexus also supplies the less clinically retevant
ilioinguinal, iliohypogastric, and genitofermoral nerves, which
supply the muscles of the lower abdominal wall and sensation
in the inguinal region,

The L4-54 roots supply the sacral plexus, which inner-
vates all muscles below the knee as well as the muscles of the
lateral and posterior thigh. The sensory supply of the sacral
plexus covers the posterior thigh, and the shin, calf, and foot
except for the medial shin/foot (supplied by the saphenous
nerve from the lumbar plexus). The functions of the sacral
plexus include (Table 17-1):

+ Motor:

« Superior and inferior gluteal nerves: gluteal muscles
(gluteus maximus, minimus, and medius: thigh extension
and abduction)

Schatic nerve: hamstrings (biceps femoris, semitendino-
sus, semimembranosis: knee flexion). The sciatic nerve is
composed of two component nerves that diverge at the
level of the knee:

Peroneal nerve: muscles of the lateral and anterior
compartment of the shinfcalf (tibialis anterior, pero-
news longus and brevis: ankle dorsiflexion and eversion;
extensors of the toes)

+ Tibial nerve: muscles of the medial and posterior
compartment of the shin/calf and intrinsic museles of
the foot (gastrocnemius, soleus, tiblalis posterior: ankle
plantar flexion and inversion; flexors of the toes)

+ Sensation:
+ Posterior thigh and calf: posterior femoral cutaneous nerve
+ Anterior and lateral shin and foot: peroneal nerve
+ Plantar surface of the foot: tibial nerve branches

The overlap of roots and nerves for the main clinically
tested lower extremity muscles is shown in Table 17=2. Mus-
<le names in bold also have associated reflexes, The muscles
are listed across from the nerve that supplies them and under
the mest prominent root supply (most muscles receive root
supply from 1-3 adjacent nerve roots). This chart can aid in
dim!n.'miati:ng between nerve and root lesions boased on the
pattern of weak muscles.

The muscles, nerves, and nerve roots associated with the
commenly tested actions of the lower extremity are listed in
Table 17-3 (categorized by action tested) and Table 17-4
{categorized by nerve tested).

LUMBOSACRAL RADICULOPATHY AND
LUMBAR CANAL STENOSIS

Degenerative disease of the spine can lead to neural foraminal
stenosis and central canal stenosis in the lumbar spine just as
i the cervical spine. Just as in the cervical spine, foraminal
stenosis can lead to radiculopathy, However, although central
canal stenesis at the cervical and thoracic levels can lead to
myelopathy, central canal stenosis in the lumbosacral region
cannet cause myelopathy since the spinal cord ends at the
beginning of the lumbar spine, with only the nerve roots of
the cauda equina below the level of L2, Central canal stenosis
in the lumbosacral lesion can therefore lead to compression of
the nerve roots of the cauda equina (lumbar stenosis).

Lumbosacral Radiculopathy
(Figs. 17-3 and 17-4)

L4-L5 and L5-51 are the most commonly affected levels in
lumbasacral radiculopathy. Due to the configuration of the
descending roots of the cauda equina, the most common
type of lumbosacral dise herniation (posterolateral disc
herniation) affecis the root whose number corresponds to
the vertebral level below the herniated disc (e.g., L4-L5 disc
affects the L5 nerve root). This is “numerically™ the same as
in the cervical spine {disc herniation affects the root whose
number corresponds to the more inferior vertebra of the pair
of vertebrae surrounding the herniated disc), but the ana-
tomic reason is different (see “Anatomy of nerve roots” in
Ch. 15). In the less common far lateral herniation, com-
pression of the root whose number corresponds to the supe-
rior of the two vertebrae may occur (ie., L4-L5 disc affecting
L4 nerve root) (Fig. 17-3).

The predominant symplom in lumbosacral radiculopa-
thy is back pain radiating into the leg in the distribution of
the affected root(s) (see Fig. 17-1). Diminished sensation
in the affected dermatome(s). diminished or absent reflexes
(e.g., ankle jerk for 51), andfor weakness may be present on
examination depending on severity. The straight leg rise
test is performed by lifting the patient’s leg (flexing at the hip
with the knee extended) with the patient in the supine posi-
tion. This may reproduce the patient’s symptoms of radiating
pain in the leg being lifted or in the comtralateral leg {crossed
straight lep raise test) in patients with lumbar radiculopathy
at L5 or 51 levels. The reverse straight leg raise test (extend-
ing the leg at the hip with the patient prone) may reproduce
radiculopathy symptoms in patients with with L3 or L4 radic-
ulopathy. (Mote that many patients report mild discomfort ar
“tightness” in the hamstring with these maneuvers, but a posi-
tive test requires reproduction of the radiating pain character-
istic of radiculopathy.)
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FIGURE 17-1 Schematicshowing dermatomes of the leg
Reproduced with parmission from- Waxman 5: Chinical Neuroonatomy,
27th ed. New York: MoGraw-Hill Education: 2013,

) L2-L3

L5-81

L5-51 \‘_

e

which is divided into the lumbar plexus and the sacral plexus.
Although diagrams of the lumbosacral plexus look equally as
complex as those of the brachial plexus, localization is more
straightforward since the foot is not as intricately controlled
as the hand. Before going into the details, note that in general
the lumbar plexus (L1-L4) only supplics muscles of the hip
and thigh (though not all of them), and the sacral plexus
(L4-54) supplies all muscles distal to the knee (as well as
muscles of the posterior and lateral hip and thigh that are not
supplied by the lumbar plexus).

The LI-L4 roots supply the lumbar plexus, which inner-
vates the muscles of the anterior and medial hip and thigh
and provides sensory innervation to the anterior. medial,
and lateral thigh. as well as the medial foot and shin. The
sensory innervation of the medial foot and shin s supplied
by the saphenous nerve, which is the only below-the-knee
function of the lumbar plexus.

L4-L5

/ L3-L4 fa

L=

FIGURE 17-2 Schematic showing nerve roots supplying actions of the leg and foot.
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The functions of the lumbar plexus include (Table 17-1):

« Motor

= Femoral nerve: iliopsoas (hip flexion) and quadriceps
{knee extension and patellar reflex)
« Obturator nerve: adductor muscles (hip/thigh adduction)
« Sensation
« Anterior thigh: femoral nerve
« Medial thigh: branches of the femoral and obturator
nerves

« Lateral thigh: lateral femoral cutaneous nerve

Medial shin and foot: saphenous nerve, a branch of the
fermoral nerve (Mnemonic to remember the origin of the

sapher rver saphienous nerve arises from femoral nerve)

[he lun fexus also supplies the less clinically relevant

iliginguinal, iliohypogastric, and genitofemoral nerves, which

supply the muscles of the lower abdominal wall and sensation
.:|'.|||.'::..-.:. | reglon

The L4-54 roots supply the sacral plexus, which inner-
vates all musecles below the knee as well as the muscles of the
Interal and posterior thigh. The sensory supply of the sacral
plexus covers the posterior thigh, and the shin, calf, and foot
except for the medial shinffoot (supplied by the sapheénous
nerve from the lumbar plexus). The functions of the sacral
plexus include (Table 17-1):

« Motor;

« Superior and inferior gluteal nerves: gluteal muscles
{gluteus maximus, minimus, and medius: thigh extension
and abduction)

= Sciatic nerve: hamsirings (biceps femoris, semitending-
sus, semimembranosis: knee flexion). The sciatic nerve is
composed of two component nerves that diverge at the
level of the knee:

Peroneal nerve: muscles of the lateral and anterior

compartment of the shinfcalf (tibialis anterior, pero-

neus longus and brevis: ankle dorsiflexion and eversion;
extensors of the toes)

Tibial nerve: muscles of the medial and posterior

compartment of the shinfcalf and intrinsic muscles of

the foot (gastrocnemius, soleus, tibialis posterior: ankle
plantar flexion and inversion; flexors of the toes)

« Sensatton:
« Posterior thigh and calf: posterior femoral cutaneous nerve
« Anterior and lateral shin and foot: peroneal nerve
+ Plantar surface of the foot: tibial nerve branches

The overlap of roots and nerves for the main clinically
tested lower extremity muscles is shown in Table 17=2, Mus-
cle names in bold also have associated reflexes. The muscles
are listed across from the nerve that supplies them and under
the most prominent root supply (most muscles recelve root
supply from [-3 adjacent nerve roots). This chart can aid in
differentiating between nerve and root lesions based on' the
pattern of weak muscles,

The muscles, nerves, and nerve roots associated with the
commonly tested actions of the lower extremity are Listed in
Table 17-3 (categorized by action tested) and Table 17-44
(categorized by nerve tested).

LUMBOSACRAL RADICULOPATHY AND
LUMBAR CANAL STENOSIS

Deegenerative disease of the spine can lead to neural foraminal
stenosis and central canal stenosis in the lumbar spine just as
in the cervical spine. Just as in the cervical spine, foraminal
stenosis can lead to radiculopathy. However, although central
canal stenosis at the cervical and thoracic levels can lead to
myelopathy, central canal stenosis in the lumbosacral region
cannot cause myelopathy since the spinal cord ends at the
beginning of the lumbar spine, with only the nerve roots of
the cauda equina below the fevel of L2, Central canal stenosis
i the lumbosacral lesion can therefore lead to compression of
the nerve roots of the cauda equina (lumbar stenosis).

Lumbosacral Radiculopathy
(Figs. 17-3 and 17-4)

L4-L5 and L5-51 are the most commonly affected levels in
lumbosacral radiculopathy, Due to the configuration of the
descending roots of the cauda equina, the most commaon
type of lumbosacral disc herniation (pesterolateral disc
herniation) affects the root whose number corresponds to
the vertebral level below the herniated dise (e, L4-L5 disc
affects the L5 nerve root). This is “numerically” the same as
in the cervical spine (disc herniation affects the root whose
number corresponds to the more inferior vertebra of the pair
of vertebrae surrounding the herniated disc), but the ana-
tomic reason is different (see “Anatomy of nerve roots” in
Ch. 15). In the less common far lateral herniation, com-
pression of the root whose number corresponds to the supe-
rior of the two vertebrae may occur (ie., L4-L5 disc affecting
L4 nerve root) (Fig. 17-3).

The predominant symptom in lumbosacral radiculopa-
thy is back pain radiating into the leg in the distribution of
the affected root(s) (see Fig. 17-1). Diminished sensation
in the affected dermatome(s). diminished or absent reflexes
(e, ankle jerk for 31}, and/or weakness may be present on
examination depending on severity, The straight leg raise
test is performed by lifting the patient’s leg (flexing at the |'|.{p
with the Knee extended) with the patient in the suping posi-
tion. This may reproduce the patient’s symptoms of radiating
pain in the leg being lifted or in the contralateral leg (crossed
straight leg raise test) in patients with lumbar radiculopathy
at L5 or 51 levels. The reverse straight leg raise test (extend-
ing the leg at the hip with the patient prone) may reproduce
radiculopathy symptoms in patients with with L3 or L4 radic-
ulapathy. (Note that many patients report mild discomtort or
“tightness” inthe hamstring with these maneuvers, but a posi-
tive test requires reproduction of the radiating pain character-
istic of radiculopathy.)
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TAELE 17-2 Root and Nerve Supply of Lower Extremity Muscles.”

L2 L3 L4 Ls 51 52
Femaral nerve lliopsoas
Quadriceps
Obturator nerve Hipfthigh adductars
Superior gluteal nerve Gluteus medius and minimus
Tensor fasclae latae
Inforior gluteal nerve Calarteans manimues
Sciatic nerve Harmstrings
Peroneal norve Tibialis amterion
Extensods of toes
Peroneus lengus/brevis
Tilial mery Tibdalis pasterior
Gastrocnemius/Saleus
Flexors of toes
Intrinsic fook muscles
Sumches witd 1 {henps ade dennted i bold.

Similarto the case for cervical radiculopathy (see Ch. 16),
neuroimaging of the lumbar spine is u|'||j.' indicated if there is
intractable pain or progressive motor deficit, or if there is sus-
picion for malignancy or epidural abscess. Otherwise if there
are no concerning features, a trial of conservative manage-
ment nonsteroidal anti-inflammatery drogs [NSAIDs] and/
OF A€ {1:t:|1||::|:||'r||.|.'|'| and |r|rlc.:f.i.|:iﬂ 1|:m|'ilp'!."} is indicated. Neuro-
imaging of the spine and referral for epidural steroid injection
indfor surgical evaluation iz considered only il symptoms
WOrsen oF are nol responsive Lo conservative measures after
several months, As with surgery for cervical radiculopathy,
WMpLoms may improve more 1';1pir._1|:,' than with conservative
management, but longer term outcomes may be similar,

Lumbar Canal Stenosis

In addition to foraminal stenosts, lumbar canal stenosis can
occur due o degenerative disease of the lumbar spine (e.g..
disc disease, spondylosis, andfor spondylolisthesis [antero-
posterior displacement of one or more vertebrae]). Lumbar
canal stenosis can result in compression of multiple lumba-
sacral roots, which can cause neurogenic claudication: pain,
paresthesias, and/or weakness in the legs brought on by stand-
ing and walking that improves with rest. Vascular claudica-
tion can also lead to pain with exercise, but paresthesias or
weakness would be atypical in vascular claudication. Symp-
toms of neurogenic claudication may be improved by leaning

[AELE 17-2 Examination of the Lower Extremity By Actions.

Action Museli Merve Roots
Hip flexion ligpsoas Fermoral L2-1L3
Hip extension Gluteus maximus Inferior ghuteal L1551
Hip abduction Gluteus medius Superior gluteal L4:LS
Hip adeduction ::r;!mﬂ;r:ﬂ?ngu brevis, minimus, Obturator L2134
Knee extension Quadriceps Femaoral L3-14
Knee flexion Hatiistengs Sciatic L5-51
Dorsiflexion of foot Tibialis antevior Peroneal L41s
Plantarflexion of foot Sastracnemiusisaleus Tikial 5152
Inversion of foot Tiblals pasterior Tibsial 1551
Eversion of foat Peraneus langus and brevis Paraneal 15-51
Extension of toes Extensor alhacls fongus Peroneal L5-51
Extensor digiterum lengus and brevis Barninedl e
L e Flexar hallucis longus and brevis Tibial e
Flexar digitarum langus and brewvis Tibial

— 51-52
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TABLE 17-4 Examination of the Lower Extremity By Nerve.

Merve Action Muscle Nerve Roots
Femoral Hip flexion Hiopsoas L2-L3
Knee extension (including patellar reflex) Quadticeps L3-L4
Obturator Thigh adduction Adductors L2-L314
Superior gluteal Abduction ef thigh/hip Gluteus medius L4-L5
Inferior gluteal Extenshion of thigh'hip Gluteus maximaes L5-51
Sciatic Flenion of knee Hamstrings L5-51
Peroneal iMnemonic: Up and Outl Darsilexion of foat Tikdalis anterios La-LS
Evarsion of foor Peroneus longus and brevis L5-51
Extension of toes Extenior hallucis Inng_a,ls. and brevis LE-51
Extensor digitorum bongus and brevis L5-51
Tibial (Mnemaonic Down and Ind Flantarflexion of foot Gastrocnemdussaleus 51-52
(mcluding ankie réflex)
Imversionof foot Tibialis posterios L5-51
Fiemion of ioes Flexor digitarum longus and Bravis 51-52
Flexor hallucis longus and brevis 51-52

dih Lumbair
Veriebra

——— Gih Lumbar
Variabra

FIGURE 17-3 Schematic of lumbosacral nerve root com-
pression by disc prolapse. The two disc bulges on the left of the
image demonstrate how posterolateral disc protrusion comprosses
the roat that will exit below the next vertebral body, Here, the L4-L5
chisc compresses the LS root and the L5-51 disc comprestes the 51 root,
The disc bulge on the right side of the imege shows hiow a far Lateral
disc herniation can affect the root exiting at the level of the disc,
Here the LA-LS dise compresies the L4 raot. Far laveral lumbar dise
herniatian is much less common than posterolateral disc herniation,
Adapted with permission from Ropper A, Samuels M, Elein b Adams
and Victor's Principles of Neurology, 10th ed. Mew York: MoGraweHill
Education; 2014,

forward (e, resting on the shopping cart while walking) in
addition to rest. Symploms of neurogenic claudication may
be better walking uphill as compared to downhill, because
walking uphill requires leaning forward (relieving some pres-
sure on the compressed roots) and walking downhill requires
leaning backward (aggravating root compression). This is the
opposite of what one would expect with vascular claudication
(uphill requires more exertion, which would aggravate blood
supply/demand mismatch, causing worsening symptoms in
patients with vascular clandication).

In patients with neurogenic claudication. physical
examination may be entirely normal unless the patient is
asked to walk until symptoms emerge and then re-examined, at
which point weakness may then be observed, MRI demon-
strates stenosis of the lumbar canal due to disc disease, spon-
dylosis, and/or spondylolisthesis with compression of nerve
rootz. With chronic stable mild symptoms, management is
conservative, but with progressive or disabling symptoms,
surgery should be considered.

Cauda Equina and Conus Medullaris
Syndromes

When several roots of the cauda equina (lumbar and sacral
nerve roots) are affected simultaneously, patients may develop
sensory changes in the perineal region (saddie anesthesia),
bowel andfor bladder dysfunction, radiating pain in the lower
extremitics, and/or lower extremity weakness. I the conus
medullaris (distal portion of the spinal cord) is affected in iso-
lation, bowel/bladder changes and nun-udi:ulug back pain
may occur in the absence of lower extremity symptoms. Given
the proximity of the conus medullars 1o the roois of the cauda
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Al of lumbosacral dise herniation (T2-weighted). A: Sagittal view demonstrating multilevel lumbar disc protrusions,
most sevene ot L5-51, B: Axial view demonstrating compression of the left 51 nernve root by the L5-51 disc (arrow).

equina, both structures may be affected together. If there is
concern for cauda equina or conus medullaris pathology.
lumbosacral imaging is needed to determine the etiology.
Potenttal pathology in this region includes compression by
tumor or prolapsed disc, infection {e.g.. epidural abscess or
viral polvradiculitis), tumor infiltration (e.g.. neurolym-
phomatosis), and inflammatory diseases such as ankylosing
spondylitis and sarceidosis. Acute compressive cauda equina
a:.'n:lmme 15 a r::.-umsurgi.:n.l CIMENEEncy. AN URCOMINON
tumor with a predilection for this region is the myxopapillary
ependymoma of the conus medullaris.

LUMBOSACRAL PLEXOPATHY

The lumbosacral plexus lies in the retroperitoneum and pel-
vis. Bevond being susceptible to the same categories of pathol-
ogy as the brachial plexus (trauma, neoplastic compression/
invasion, radiation injury. inflammatory conditions), the
lumbosacral plexus can alse be affected by infection (psoas
abscess) and hematoma (retroperitoneal). The lumbosacral
plexus is much less vulnerable to trauma than the brachial
plexus, typically requiring major pelvie injury to be atfected.
Trauma during childbirth can affect the infant's brachial
plexus as described in Ch. 16, but it is the mother’s lumbo-
sacral plexus that is subjeet to injury during labor. Gastroin-
testinal or pelvic cancers and surgery or radiation for them
can affect the lumbosacral plexus. As with brachial plexopa-
thy, malignant infiltration tends to be painful whereas radia-
tion therapy-induced lumbosacral plexopathy docs not, and
myokymic discharges on EMG are suggestive of radiation-
induced plexopathy.

The lower-extremity inflammatory plexopathy analogue
to. Parsonage-Turmer syndrome in the upper extremity (see
“Parsonage-Turner Syndrome” in Ch. 16) is lumbosacral radicu-
loplexus neuropathy, This is most commonly seen in patiznis
with diabetes (also called diabetic amyotrophy or Bruns-
Garland syndrome), but can also be idiopathic. Lumbosacral
radiculoplexus neuropathy begins with pain in the proximal
lower extremity and then progresses 1o weakness of one or both
lower extremities (when both lower extremities are involved,
symptoms are typically asymmetric). When this occurs in dia-
betics, itis often after initiation of insulin and eccurs ata time of
good glycemic control andfor recent weight loss. Sterolds and
other immunomodulatory therapy may be used for treatment
of this condition. Recovery is often incomplete (unlike in
Parsonage-Turner syndrome, which usvally recovers com-
pletely over time).

Additional potential causes of lumbosacral plexopathy
are hip surgery, psoas abscess, and retroperitoneal hematoma.
A retroperitoneal hematoma can ecour spontaneously in
patients on anticoagulation, or due 1o complications of femao-
ral artery catheterization or vascular surgery. A retroperi-
toneal hematoma may affiect the femoral nerve in isolation
(see “Femoral neuropathy™ below) or cause a plexopathy
depending on its extent. Diagnosis is made by pelvic CT.

MONONEUROPATHIES OF THE
LOWER EXTREMITY

The most common compressive neuropathies of the lower
extremity are peroneal neuropathy (compression at the
fibular head) and sciatic neuropathy (compression in the
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buttock). The nerves ofthe lumbar plexus {femoral, obturator,
lateral femoral cutaneous) and the sciatic nerve can be injured
by pelvic or hip trauma or surgery. or compressed by pelvic
malignancy. The peroneal and tibial nerves can be fnjured due
to knee trauma or surgery.

Femoral Neuropathy

The fermeral nerve innervates two muscles associated with
the femur: iliopsoas for hip flexion and quadriceps for knee
extenston (including the patellar reflex). The sensory coverage
of the femoral nerve includes the antenior and medial thigh
{intermediate and medial cotaneous branches) and the medial
leg and foot by way of the saphenous nerve (Mnemonic: the
saphenous nerve arises from the femoral nerve). The femoral
nerve passes through the iiopsoas and then beneath the ingui-
nal ligament and can be injured at either site. Since the femo-
ral nerve innervates the iliopsoas proximal 1o passing beneath
the inguinal ligament, the presence of hip fexion weakness
in addition to knee extension weakness and diminution/loss
of the patellar reflex localizes a femoral neuropathy to the
pélvis or retroperitoneum. whereas isolated knee extension
weakness and loss of the patellar reflex with spared hip flexion
strength supgests 3 more distal localization along the nerve

EAng aspedl of the examination in ;"'.lu!it'llh- with
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Obturator Neuropathy

Izolated oblurator nerve injury is rare, but when it occurs, it
catses weakness in hip adduction: Pelvic or hip trauma or
surgery and childbirth are common etiologics. As described
above. the oblurator nerve shares root supply (L2-14) with
the femoral nerve, so weak hip adduction with sparing of hip
flexion and knee extension suggests oblurator neuropathy,
whereas involvement of all of these actions (hip adduction,
hip fexion, and knee extension) suggest L2-L4 polyradicu-
lopathy or lumbar plexopathy.

FIGURE 175 CT of the abdomen and pelvis demonstrating
right psoas hematoma. This anticoagulated patbent presented with
back and hip pain and inability to walk, and was found 1o have an
isolated femaral neurapathy on examination, The psoas hematoma is
marked by an asterisk ().

Lateral Femoral Cutaneous Neuropathy
(Meralgia Paresthetica)

The lateral femoral cutaneous nerve is a pure sensory nerve
supplying the lateral thigh. Injury to the nerve causes numb-
ness, paresthesios, andfor pain in this region, known as meral-
gia parcsthetica, The nerve’s position in the inguinal region
adjacent to the anterior iliac spine makes it susceptible to
injury from tight belts/pants especially in patients who are
obese, rapidly gain weight (e.g.. pregnancy). or rapidly lose
weight.

Sciatic Neuropathy

The sciatic nerve is really the peroneal nerve and tibial nerve
bundled wogether. It innervates the hamstring muscles (biceps
femoris, semimembranosus, semitendonosus) that flex the
knee, and then divides into the peroncal and tibial nerves in
the popliteal fossa. The peroneal and tibial nerves control all
movements of the foot and Loes.

If there is a conplete sciatic neuropathy, knee flexion and
all movements of the fool will be weak. Howewer, the sciatic
nerve is often only partially aflected, and in these patients,
the peroneal-iner varted mitiscles are offen affected in fsolafion
{or more affected than tibial nerve-innervated muscles). In
sich cases, sciatic neuropathy may be J.'Hnicull}' indistinguish-
able from peroneal neuropathy. Peroneal newropathy is most
commaonly due (o compression al the fibular head (see “Pero-
neal Meuropathy”™ below]). The short head of the biceps femoris
is the only hamsiring muscle innervated by the peroneal divi-
ston of the sciatic nerve {the rest are innervated by the tibial
portion), and so invalvement of this muscle above the knee
localizes the problem o the peroneal division of the sciatic
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nerve (as opposed to the most common site of compression
of the peroneal nerve at the fibular head). However, the short
head of the biceps femoris cannot be isolated clinically, so il a
patient appears to have a peroneal neuropathy, the shiort fread
af the biceps femoris should be examined with clectromyogra-
phy (EMG) to look for denervation changes that would suggest
localization 1o the peroneal division of the sciatic nerve proxi-
mal to the knee (see also " Approach to Footl Drop” below).

The sciatic nerve can be injured by pelvic or hip trauma or
surgery, by an inappropriately placed: gluteal injection, or by
prolonged pressure on the buttock (e.g., supine due to intoxi-
cation or critical illness; pressure from sitting on the toilet seat

or something in the back pants pocket). "Sciatica,” referring
to radiating pain down the back of the leg, is more commonly
catsed by madiculopathy affecting the 51 root rather than

pathology of the sciatic nerve:

Peroneal Neuropathy

Peroneal neuropathy is the most common lower extremity
mononcuropathy because the peroneal nerve is the lower
extremily nerve most prone o compression. The most com-
mon site of compression is the head/neck of the fibula, where
the nerve can be compressed due to frequent leg crossing (the
leg on top is alfected), prolonged beed-hound state, prolonged
kneeling (usually occupational; for example, flooring waork],
Baker's cyst, injury due to knee trauma or surgery, or rapid
weight loss.

The peroneal nerve innervates the musculature of the
anterior and lateral shin and foot: tibialis anterior (dorsiflexes
the feot), peroneus longus and brevis (everts the foot), and the
cxtensors of the toes. Mnemonic: The peroneal nerve brings
the foot wp amd out {(compared to the tibial nerve, which
brings the foot down and in), With respect to motor function
of the foot, the peroneal nerve can be thought of as the lower
extremity analogue of the radial nerve in the upper éxtremity
in that it innervates all foot extensors. The peroneal nerve pro-
vides sensory supply to the lateral shin and dorsum of the foot.

The common peroneal nerve divides inta the superficial
and deep peroneal nerves that perform the individual compao-
nents of the peroneal nerve functions listed above:

« The superficial peroneal nerve innervates the peroneus
muscles (eversion) and provides sensation to the lateral calf
and dorsum of the foot excepr the web space between the
first two loes.

The deep peroneal nerve supplies the tibialis anterior
{dorsiflexion), the 1oe extensors, and sensation over the web
space between the first two toes on the dorsum of the foot
(mnemonic for the motor functions supplied by the deep
peroneal nerve: deep: dorsillexion and extensors),

The superficial and deep peroneal nerves may be atfected
M_-]_mr:.ngly, impairing their individual functions, or tagether,
impairing all peroneal nerve functions (common peroneal
newrapathy). Commaon peroneal neuropathy leads to impaired
dorsiflexion (foot drop) and foot eversion, but with spared

plantarflexion and foot inversion (both tibial nerve fine-
tions). Mumbness in common peroneal neuropathy may be
present over the lateral calf and dorsum of the foot, although
may be more limited in distribution over just the dorsum of
the foot (since the sural nerve, which supplies the lateral calf,
usually receives both peroncal and tibial input).

Tibial Neuropathy

The tibial nerve innervates the muscles of the posterior calf
and plantar foot: gastrocnemiusfsoleus (plantarflexor),
tibialis posterior (foot inversion), and all flexors of the fool.
Mnemonic: The tibial nerve brings the foot down and in
{compared to the peroneal nerve, which brings the foot up
and out), The tibial nerve innervates the functions in the
foot analogous to the combined functions of the median and
ulnar nerves in the hand (flexors and intrinsic muscles of the
hand/foot).

The tibial nerve is less commonly affected than the pera-
neal nerve since is not as exposed as the peroneal nerve, but it
can rarely be injured by knee trauma or 2 Baker's cyst in the
popliteal fossa,

Tarsal Tunnel Syndrome

The most common site of tibial nerve compression (which is
still rare) is at the warsal tannel, where the tibial nerve énters
the foot with the flexor tendons of the toes under the medial
malleolus (tarsal tunnel syndrome). Tarsal tunnel syndrome
occurs most commonly in patients with prior ankle injury or
arthritis of the ankle, but can rarely be caused by a ganglion
cyst in the tarsal tunnel. The syndrome ciuses neuralgic pain
in the plantar foot, which may radiate proximally (just as
patients with carpal tunnel syndrome somelimes report pain/
paresthesias proximal to the site of entrapment). On exami-
nation, sensation may be decreased on the plantar surface of
the foot and there may be a Tinel sign when tapping aver the
posterior medial malleolus (provocation of paresthesias over
the plantar surface of the foot). There is wsually no obvious
weakness since the main toe lexors of the plantar foat (whose
tendons pass through the tarsal tunnel) are innervated proxi-
mal to the tarsal tunnel.

If a patient with tarsal tunnel syndrome does not
respond 1o conservative treatment with MSAIDs, steroid
injections can be considered. Surgery is reserved for intrac-
table cases confirmed by EMGinerve conduction studies
demonstrating slowing across the tarsal tunnel and dener-
vation of tibial nerve—innervaled intrinsic (oot muscles
(e.g.. adductors of toes).

APPROACHTO FOOT DROP

Foot drop refers to dorsiflexion weakness such that the foot
“drops.” This causes a steppage gait in which the patient lifts
the foot very high off the ground to avoid tripping over the
dropped foot and then slaps the foot down, since dorsiflexion
cannot be used to soften the landing onto the heel as occursin
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TABLE 17-5 Patterns of Weakness in Foot Drop Due to Lesions of the Peroneal Nerve, Sciatic Nerve, and

L5 Root.®
Peroneal Nerve-Supplied Actions Tibial Merve-Supplied Actions
ﬁﬂﬂﬂiﬂm Eversion Plantarflexion Inversion
Commeon peroneal neuropathy Wieak Woak Spared Spared
Sciatic neuropathy Waak Wieak Weak Weak
LS radiculopathy Weak Weak Spared Weak

“Hote that @ soiatic newropatin can preferentially affect the peroneal division, mimicking a comman pereneal neunopatby (see ten. Mobe also that the divisions of the pero-
neal perve may be aflecred in halazion: holaced wuperficial peronesl neuropathy causes eversion weakness without doniflesion weakness: nelated deep peranes neuregathy

cauies doriifféxloh weakneis without evernan weakness

normal walking. Foot dorsiflexion (tibialis anterior]) weakness
can be caused by peroneal neurcpathy, sciatic neuropathy,
lumbosacral plexopathy, or L5 radiculopathy. Lumbosacral
plexopathy will often cause more widespread lower éxtrem-
ftv deficits, but foot drop may be the predominant manifes-
tation of lesions at the other three levels. Isolated common
peroneil neuropathy causes foot drop and eversion weakness
(logs of "up and out”). but does not affect plantarflexion or
inversion [(preserved “down and in”) since these are tibial
nerve-innervated functions. Invérsion is a tibial nerve-inner-
vated function supplied by L5, but plantarflexion is a tibfal
rve=innervated function supplied by 51-52. Therefore, a
foot drop with loss of both eversion and inversion but with

5 raq

iculopathy (affecting
nd peroneal nerve-innervated
lexion, plantarflexion, inver-

Table 17=5)

sciatic neuropathy

As described above, sciatic neuropathy may be clinically
indistinguishable from peroneal neuropathy, since the pero-
neal division of the sciatic nerve can be more susceptible to
injury than the tibial division, In such cases, EMG can dis-
tinguish between sciatic and peroneal etiologies by looking
for denervation of the short head of the biceps femoriz, the
only muscle innervated by the peroneal nerve above the fibu-
lar head (and the only hamstring muscle innervated by the
peroneal division of the sciatic nerve). If there are denervation
changes in the short head of the biceps femoris on EMG in a
patient whoappears to have a peroneal neuropathy, this local-
izes to the peroneal division of the sciatic nerve proximal to
the fibular head (the fibular head is the more common site of
peroneal nerve compression).

During the period of recovery from foot drop {or for a
foot drop not expected to recover), an ankle-fool orthosis can
be used that maintains the foot in a more neutral position to
restore the natural position of the foot during walking,
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Seizures are caused by abnarmal electrical discharges in the
brain. Epilepsy is the condition of recurrent unprovoked sei-
zures, The definition of "provoked™ here is more precise than
in common parlance and refers 1o acute, reversible provok-
ing factors causing seizures. For example, acute hypogly-
cemia, alcohol withdrawal, high fever, and medication or
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drug toxicity are all acute reversible factors that can provoke
selzures (Table 18-1). In these scenarios, the brain may be
structurally normal, but exposure to the acute provoking fac-
wor leads to seizures, When the cause i3 treated, the seizures
typically improve and the patient is not necessarily at risk for
future recurrent seixures.

Brain tumors, prior stroke, prior head trauma, prior CHS
infection. and cortical malformations can all cause seizures,
but these entities are neither acute nor reversible, and 50
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TAELE 18-1 Causes of Provoked Seizures and
Epilepsy.

Causes of Acute Provoked Seizures  Causes of Epilepsy

Acute brain pathology: Structural brain lesions:

= Koute stroke or Intracranial = Intracranial tumor o vas-
hemarthage cullar maiformation

= Acule head trauma « Costical malformation

= Acute meningltic'encephalith = Priot stroke o

S e intracranial hemaomrhage

encephalopathy syndrome (FRES) + Priorhead trauma
aamch = Prior meningitis

= Cerebril venous sinud ancephalitis

thrombosisicortical vein
thrombosisfsee Cho 19) * Neurodegeneralive
dizease
Metabolic d
i S Genetic (idiopathic)
g i
epilepsy syndromes

= Hypoglytemia or hyperglycemia [eee Table 18-3)
= Hyponatremaia

« Hypocalcemis

= Hypomagriemia
Maedications, including
+ Buproplon

= Tramasol

« Flagioguinalons

= Caahaplosponrd

« Carbapeaerm

» [sankazid

Drugsidrog withdrawal

« Alzoho

Systemic ilinoss
« Systperig infectbon with fever

+ Henal fwlure

recurrent seizures due Lo any of these causes are considered
unprovoked. A patient with a brain tumor (or any of the
prior CNS insulis listed above) who has a first selzure has
had the underlying potential seizure focus for some time, I
no acute provoking factor is present (e infection, metabalic
derangement ), one may ask why the patient seized on that
particular day and not the day, week, or month before? S¢i-
zures in this context are considered to be mprovoked because
they can occur al any lime withoutl any provoking factor, just
like the unprovoked seizures of idiopathic genetic epilepsy
svndromes. Therelore, patients with recurrent scizures due 1o
brain tumors, prior trauma, prior stroke, prior neurosurgery,
prior CNS infection, or any other irreversible underlying sei-
zure focus (see Table 18-1) are considered to have epilepsy
and should be treated as such.

Some causes of acute symplomatic (provoked) seizures
such as acute siroke or hemorrhage, head trauma, or menin-
gitis can increase the risk for development of epilepsy in the
future since they can lead 1o irreversible brain damage, creat-
ing an epileptogenic focus,

EVALUATION OF PATIENTS WITH
SEIZURES

A patient with seizure(s) will generally present for evaluation
in one of three scenarios:

1. After a first sevzure (or other type of spell)
2. With a history of seizures (or other type of spell)
3. Actively seizing

When a patient presents for evaluation after a seizure in
any scenario, the goals of the clinical encounter are 1o deter-
mine the following:

« Was the event truly a seizure? The differential diagnosis
for a transient alteration in neurologic function includes
migraine, syncope, transient ischemic attack {TLA), cardiac
arrthythmia, and psychogenic nonepileptic spell. A clear
description of the event by witnesses should be obtained,
Ihe clinical features that can be used to aid in distinguish-
ing between these are discussed below.

Were there any clear provoking factors? A detailed
medication and drugfalcohal history should be obtained.
lsboratory tests should evaluate for potential metabolic or
infections etiologies, and neuroimaging should be consid-
ered, 1f the patient has been on an antiepileptic drug for
prior seizures, it should be determined whether the patient
i= taking the medication{s) properly and consistently.
Even patients with known epilepsy should be evaluared
for potential provoking factors that may have caused them
to have a seizure at that particular moment, such asian
infection or a new medication that could lower the seizure
threshold or alter the metabolism of their antigpileptic
medication(s).

« Was this the first event or have there been others? If there
have been other prior events, was the patient ever evaluated
for these? If 5o, was the patient ever on an antiepileptic, and
il =0, did it help?

Are there any known risk factors for seizures? These may
include:

o Prior stroke, head trauma, or CNS infection

« Pediatric febrile seizures

« Other first-degree relative(s) with seizures

+ Abnormal gestation, birth, or cognitive development

Has there been emergence of any neurologic deficit prior
to or since the onsel of seizure(s) to suggest a focal lesion
(e.g., progressive weakness, numbness, visual changes,
personality/cognitive changes)?



CLINICAL FEATURES OF SEIZURES

The clinical manifestations (or semiology) of seizures depend
on the area(z) of the brain from which sefzure activily arises
andfor to which this activity spreads. Seizures are broadly cat-
eporiced as generalized setzures or focal (also called partial)
seizures,

Generalized Seizures

Coeneralized seizures are characterized by impaired con-
| bilateral motor manifestations if motlor mani-
Motor manifestations can be tonic
ed body parts), clonic (rhythmic move-
clonic (mix of tonic and clonic), myaclonic
anic (loss of postural tone causing drop
tenres of frontal origin can produce more
complex motor manifestations (e.g., bicycling, pelvic thrust-
e, longue bite, shoulder dislocation), blad-
inence, and alicred level of consciousness
commonly occur with generalized tonic-clonic seizures.
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A postictal state is common after & generalized seiziire,
and is characterized by altered consclousness, which canrange
trom confusion to coma depending on the s_c;.';:l-'f_t-'g.' and length
of preceding seizure activity. In a patient with altered level of
consciousness following seizure(s), continued nonconvulsive
seizures may be eccurring and must be distinguished from a
postictal state. Subtle signs such as twitching of the eyes or
evelids, gaze deviation, or twitching ol the extremities can be
clues to nonconvulsive seizures, but overt clinical manilesta-
tions may be absent, and only electroencephalography (EEG)
can definitively distinguish between ongoing electrographic
seizure activity and a postictal state. Therefore, it is prudent o
consider EEG monitoring after prolonged seizures with con-
tinued altered state of consciousness.

If a patient is found comatose or confused without clear
cause and recovers without specific intervention, unwitngssed
seizure with a subsequent postictal state should be considered
in the differential diagnosis.

Some generalized seizures produce altered consciousness
without motor features, such as absence seizures: Absence
seizures are characterized by brief periods of altered aware-
ness in which patients are unable to communicate or engage
with the environment. Absence seizures are more cammon in
children.

Focal (Partial) Seizures

Focal seizures can occur with impairment of consciousness
(complex partial seizures) or with consciousness preserved
(simple partial seizures). The clinical manifestations depend
on the origin of seizure activity within the brain and can
include focal motor symptoms {(tonic-clonic movements, pos-
turing, head and/or eye deviation), foeal sensory symploms
{paresthesios that tend to spread over seconds), visual, audi-
tory, or olfactory hatlucinations, andfor psychic phenomena
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stich as défi vu (a sense of already having experienced o new
place or event), jamais vu (a sense of never having been in a
familiar place or sitwation), or @ sense of fear. The aura that
may precede @ seizure arises from a focal origin of seizure
activity before it spreads to involve more of the brain, A sei-
zure may begin with focal manifestations and secondarily
generalize, such that a focal seizure evolves into a generalized
stizure.

Postictal weakness (Tadd's paralysis) may occur in the
limb(s) affected by seizure activity. If a seizure is unwitnessed
and a patient is found with focal postictal weakness, the patient
may be initially thought to have had a stroke. Therefore, sei-
zure with subsequent postictal paralysis should be considered
in the differential diagnosis of acute stroke and transient isch-
emic attack (TIA) and vice versa.

When available, eyewitness accounts of what happened
during a possible seizure can be helpful in distinguishing sei-
#ures from other transient neurologic events. However, in
many instances, the distinction remains challenging based on
historical clues alone.

Distinguishing Seizure From Syncope

In a patient who presents afier an unexplained loss of con-
sciousness, some features of the clinical history may be more
suggestive of selzure as opposed to syncope, Although a few
tonic clonic jerks or brief posturing may be seen in syncope,
sustained tonic clonic activity is suggestive of seizure, Tongue
biting (particularly on the lateral tongue) is more common in
seizure, but can be caused by syncope if the patient hits the
chin/jaw when falling. Urinary andfor fecal incontinence
is more commonly seen with seizures than with syncope,
although in a patient who becames orthostatic en route to the
bathrooni to urinate, the full bladder may empty during syn-
cope. Alter syncope, patients generally return rapidly to con-
sciousness (unless syncope leads to head trauma causing more
sustained loss of consciousness), whereas a more prolonged
state of confusion or altered consciousness is more character-
istic of seizure with a postictal state. Patients who have had a
syncopal episode may recall the feelings of presyncope pre-
ceding the event [e.g.. feeling of “blacking out,” “hecoming
warm all over”), whereas patients with seizures may recall a
preceding aura (e.p., foul odor, sense of déjh vu) or have no
recollection of the event whatsoever. Although some practi-
tioners obtain a serum prolactin level as part of the diagnostic
workup to distinguish seizure from syncope, this test is nei-
ther sensitive nor specific—it can be normal after sefzure and
it can be elevated after syncope, so it does not reliably distin-
guish seizure from syncope.

Distinguishing Seizure From Transient
Ischemic Attack

Seigures generally cause “positive” symptoms (Le., abnor-
mal movements, paresthesias, visual phenomena), whereas
transient ischemic attacks (T1As) generally cause “negative”
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symptoms (e, weakness, loss of sensation, visual fcld defi-
cits). The symptoms of both seizures and TIAs may arise sud-
denly and Improve gradually over minutes to hours. With
recurrent events, seizures are more likely to be stercotyped,
whereas TIAs are more likelv to be varied (unless the TlAs
are all' due to a particular stenotic vessel, in which case TIAs
may also be stereotyped). If a patient has vascular risk factors,
this may lead one ta err on the side of evaluating for causes of
TIA (see “Transient Ischemie Attack™ in Chapter 19) when
the clinical history is ambiguous, but prior stroke can also bea
risk factor for sefzure. Therefore, when in doubu, it is prudent
o consider evaluating for causes of TIA and causes of seizure

in parallel.

Distinguishing Seizure From
Migraine With Aura

Both migmine and seizure can preduce “positive” focal
sympioms (e.g., paresthesias, visual avras), although those of
migraine tend to evolveispread over minutes, whereas those
of seizures generally evolve/spread over seconds. Migraine
does not lead to alterations in level of consciousness, although
it can cause mild confusion in some patients. A headache is
sommon (but not universal) accompaniment to migraine
raura, but a headoache can also be a component ofa sefzure

a

sura or postictal state.

Distinguishing Seizures From Psychogenic
Nonepileptic Spells (Pseudoseizures)

Poroxys 5 y be psychogenic in origin rather than

ean that the patlent s

does not

TICLITaE

deliberately § e spells. Rather, psvchogenic non-
:[!-:Lt!'lljl.‘ spells paetide rures) are generally a
manitestation of an underlving psychiotric condition (e.g.

1 4 -
lisorder), Clinfcal features suggestive of F:\}'Lhu-

spells mather than epileplic selzures include
fovements with preservation of con-

for example, preserved ability to communicate
for respond to external stimuli; generalized bilateral tonic-
clonic seizure activity will be accompanied by altered state of
cansciousness), forced eve closure dl.ll'ing I.'Flj\A_Hj\,"\ I:f}'c'-. are
generaliv open during seizures), episodes provoked by stress or
other emotional circumstances, and continued events in spite
of multiple antiepileptic medications (though this can also
seeur in refraciory epilepsy). However, patients with epilepsy
can have both seizures and nonepileptic spells, and patients
with underlving psychiatric conditions can have seizures. The
only defimitive way to diagnose spells as being nonepileptic is
to obiain prolonged video EEG monitoring that captures spells
and their electrographic correlates to determine if the EEG
demonsatrates seizures or remains normal during spells,

As should be clear from the above discussion, it can be very
challenging to distinguizh between seizures and other types
of paroxsymal spells based on history alone. The diagnosis

of seizures is sometimes even difficult when the clinician is
observing an event or observing abnormal movements in a
patient in coma. The gold standard is continuous EEG to cap-
ture an cvent or during an ongoing or fluctuating state of
altered consciousness to see if there is associated electro-
graphic evidence of seizure activity.

ELECTROENCEPHALOGRAPHY (EEG) IN
THE EVALUATION OF SEIZURES

There is a growing éncyclopedia of EEG findings and asso-
clated acronyms, which can broadly be divided inlo five
categories:

1. Normal variants not associated with epilepsy but of unclear
significance (e.g., small sharp spikes, wicket spikes)

2. Findings associated with focal or global cerebral pathology
but not necessarily with epilepsy (e.g.. focal or generalized
slowing, triphasic waves, fromtal intermittent rhythmic
delta activity [FIRDA])

3, Findings indicating cortical irritability and risk of seizures
{e.g.. spike-wave discharges, periodic lateralized epilepti-
form discharges |PLEDs], generalized periodic discharges
[GPEDs]).

4. Selzures

5. Antifact, which can be due to:

« Patient factors (e.g., blinking, movements)

« Technical factors (e.g., clectrocardiographic [ECG] arti-
fact, interference from electrical hospital equipment,
issues with EEG leads)

EEG is most useful in the following scenarios:

« Determining il a particular type of event is a seizure (e.g8.,
versus 2 nonepileptic spell) by capturing EEG data during a
typical event {usually requires continuous EEG monitoring)

« Determining if a patient with an altered level of conscious-
ness is having nonconvulsive seizures contributing to the
altered state of consciousness (also usually requires con-
tinuous EEG monitoring (o capiure intermitient seizure
activity) (see “Nonconvulsive Status Epilepticus™ below)

« Determining whether a patient with seizures has a particu-
lar clectrographic signature of a certain epilepsy syndrome
50 a5 to guide prognosis and management

« Determining the risk of future seizures in patients after first
seveuire (see “Evaluation and Management of Patients After
a First Seleure” below)

« Precise localization of a seizure focus il patients are being
considered for epilepsy surgery (see “Refractory {Drug-
Resistant) Epilepsy” below)

EEG may be obtained as a routine EEG (generally

20 minutes of recording) or as continuous EEG {hours to days

of monitoring). The rewtine EEG is often oblained to assess

for interictal epileptiform discharges (spikes and sharp waves)
in patients who have had one or more episodes concerning




for seizure. The sensitivity of a single 20-minute routine EE
recording to detect interictal epileptiform discharges is only
arpund 50%, although sensitivity can be increased by per-
forming the EEG in the sleep-deprived state, performing EEG

lin 24 hours of a seizure evenl. or repeating EEG on mul-
liple occasions. Motably, a small proportion of the population
may have EEG abnormalities of no clinical significance, and
h |:|||'.'.:,'u'| [Nl |:|-C'|.i.1-\'.|ll1:-|:'|\ ikl .||5.-."| cause EEG .'||'Int‘iurl't!|'.'||iti<'.:f..
Therefore, the absence of epileptiform discharges does not
exclude '-'i"l'-'l."‘"
sy, Seizu

and their presence does not “confirm” epi-
¢4 and epilepsy are clinical diagnoses and EEG
1 ted in light of the climical |!'|i'i.t1|-r':.' Ifa

roysmal events and there is a strong clini-
1e patient has had seizures, a normal EEG
the clinician from treating
ilarly, if the clinician has a strong suspi-

suade

ArE ot SEIEures |1.‘.1=., Syncope, I!1i__L‘,I'1llJ'I1.‘_||

ding on routine EEG should not necessar
dizssuade the clinician from that impression:

What remai uncertain 15 how much the clinician
:_;_:.I the routine EEG inma patient for whom the his-

vents iz difficult to interpretfclassify. For exam-

il an otherwise healthy patient presents with recurrent,

aiscrele, climically ambig

s episodes (e.g., “feeling fogey”

¢ minubes eve w monthsl, a normal EEG does not
xclude the possibility that these are seizures, and an-abnor-

1l imterictal EEG does not confirm that they are seizures. I
e events are |||_'|,]'||{|:1I 4_':1u|.::._5|:1. the Hﬂhi standard 15 1o cap
ure events during inpatient video EEG monitoring. An inter-
widiate step is at-home ambulatory EEG for 24-48 hours.
However, even when extended EEG monitoring caplures a
spell, deep seizare foci can be missed with surface recordings.

f the events are rare, a few days of inpatient monitoring may
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be hard to justify since the likelihood of ca PLUring an event
may be low, Ultimately, in patients whose events are difficult
to classify, infrequent, and in whom the EEG is normal {or
ambiguous), a decision must be made in collaboration with
the patient as to whether 1o attempt treatmient with an anti-
cpileptic medication asa potential diagnostic and therapeutic
MEANEUVET,

EVALUATION AND MANAGEMENT OF
ETIENTS AFTER A FIRST SEIZURE

Inva patient who presents after a first seizure, an effort should
be made o determine whether the seizure was provoked.
This requires a careful medication and drug history, libora-
tory evaluation (including electrolyvtes and toxicology sereenl,
and neurcimaging (MBL with contrast preferred; arterial and/
or venous imaging may be considered depending on clinfcal
context). Lumbar puncture should be considered if there is

concern for NS infection or inflammatory discase. Epilepsy-
protocal MRT generally includes coronal views of the hippo
campi to leok for asymmetries in size or signal characteristics
on T2Z/FLATR (fluid-attenuated inversion recovery) sequences
that may suggest an underlving focus for temporal lobe epi-
lepsy (mesial temporal sclerosis) (Fig. 18-1) It should be
noted that seizures can produce transient MR abnormali-
ties, most commonly diffusion restriction (on DWHADC
sequences] andfor T2/ELAIR hyperintensity in' the cortex,
splenivm, andfor thalanius (Fig. 18-2). Diffusion restriction
on MRI can also be caused by acute stroke (see “Diffusion
Weighted Imaging and Apparent Diffusion Coefhcient MRI
sequences” in Chaprer 2). The pattern of diffusion restriction
due to seizure can be distinguished from stroke in that it is

FIGURE 18-1 Mesial temporal selerosis demonstrated on MRL A: Caranal Ti-weighted image showing asymmetric hippocampi
(smallor left hippocampus). B: Coronal FLAIR image showing Increased signal in the left hippocampus. Reproduced with permission from
Ropper A, Samuwels M, Kleind: Adams and Victor's Principdes of Meurology, 10th ed. New York: MoGraw-Hill Education: 2014,
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SIGURE 18-2 Diffusion restriction due to status epilepticus. Diffusion-weighted imaging (DW1) (A} and apparent diffusion coefficient
(ADC) (B! MRI sequences demansirating cortical diffusion restriction in the right cccipital and tempeoral lobes as well a in the right thalamus.
The pattern of diffusion restriction Is not confined 10 a single vascular territary (spans middle cerebral artery [MCA] and posterior cerebral arery

[PCAl territories) and involves only the cortex and thalamus.

limited o the cortex and can’ span multiple vascular

Fles

helpiul o since patients are generally not treated
with antiepileptics for acute provoked seizures whether the
EEG is abnormal (which it may be immediately afier a sei-
zure] or not. Ifthere were multiple and/or difficult-to-control
ures due 1o an underiying acute reversible provoking fac-
1 short course of antiepileptics may be maintained and
later tapered. Some clinicians perform an EEG before decid-
Ing to taper an anticpileptic drug in this setting. and so prefer
tor have a baseline EEG to which to compare it

If there b5 a structural lesion identified in a patient with
a first seizure (eg., tumor, vascular malformation, cortical
malformation), long-term antiepileptic treatment is generally
indicated. In such patients, an acute factor that provoked the
seizure at that particular time should be ;nuglu (e.g.. infection.
electrolyte abnormality ), but may be absent. Even if a patient
with a structural lesion is found 10 have a reversible I'Lrn'l.-'[:lung
factor (eg. infection) that nuay have triggered the first seizure,
the structural lesion creates high risk for future recurrence of
seirures, warranting antiepileptic I-|1¢rap}'.

It no acute provoking fctor of a first selzure is evident,
neuroimaging reveals no structural etiology, and there is no
prior history of risk factors for sefzure l¢.g. prior strokel,
an EEG should be oblained 1o evaluate for electrographic

abnormalities that may suggest a seizure focus. Should a
patient with an acute unprovoked seizure with no evident
cause be treated with antiepileptic therapy? The Multicentre
Trial for Early Epilepsy and Single Sefzures (MESS) addressed
this question (Marson et al., 2005). In this study, about 1400
patients who had an unprovoked seizure were randomized
to immediate antiepileptic therapy or deferred antiepileptic
therapy (deferred until deemed appropriate by the treating
physician). Although immediate therapy increased the length
of time to subsequent seizures and decreased the length of
time to achieving a 2-year period of remission compared
to deferred treatment, there were no differences in seizure
freedom at 5 years, quality of life, or severe adverse events
between the groups. There were slightly more minor adverse
drug events in the immediate initiation group.

A follow-up study vsing the MESS data determined
that the patients at lowest risk for recurrent seizure are
those patients who have had only a single seizure, have a
normal neurologic examination and no history of develop-
memtal delay or learning disability, and have a normal EEG
(Kim ct-al., 2006). The S-year seizure risk in these low-risk
patients in this study was about 30%, and did not differ signif-
icantly between immediate and deferred treatment strategies.
However, if any of these factors was present (i.c., there had
been more than one seizure prior W presentation, the neuro-
logic examination was abnormal or there was developmen-
tal delay or learning disability, or the EEG was abnormal),
the risk of delaying antiepileptic drug treatment (on seizure
recurrence and time to remission) was significant,

Medium-risk paticnts were defined as those having only
ane of these factors (Le., two lo three seizures or an abnormal



newrologic examination or history of developmental delay
or learning disability er an abnormal EEG), Medium-risk
patients had a 35% l-vear risk of seizure recurrence (and a
36% risk of seizure recurrence by 5 years) with deferred treat-
ment compared toa 24% risk at 1 year (and 39% risk at 5 years)
with immediate treatment. High-risk patients were defined as
having more than one of the factors listed above or four or
more prior seizunes; they had a 59% seizure recurrence risk at
I veur (and 73% at 5 years) with deferred treatment compared
Lo a 36% selzure recurrence risk at 1 year (and 50% at 5 years)
with immediate treatment (Kim et al,, 2006).
therefore, according to these data, after an’ unprovoked
seizure, medium-risk or high-risk patients should be treated
imimediately with long-term antiepileptic therapy. The only
4 first unprovoked seizure for whom the “to
not o treat immediately” dilemma arises
¢ (defined as patients with a single unpro-
voked seizure, @ normal examination and no prior history
of developmental delay ‘or learning disability, and a normal
EEG)Y, Treatment decisions in such cases must be individual-
ized in collaboration with the patient, presenting the risk of
future events and the risks and benefits of treatment. Some
patients will prefer o initiate a medication immediately due
1o fear of the consequences of a second seizure (risk of inju-
ries, risk of further prolonging the period during which the
patient cannot drive). Some patients will prefer to defer medi-
cation inftiation since even if the patient has a second unpro-
voked seizure in the future after which medication initiation
wouthd then be recommended, the patient will have gained the
maximum medication-free period'in this scenario.

atient g
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Counseling After a First Seizure

Alfter a first unprovoked seizure, whether being treated or not,
patients must be counseled on safety. Patients with active epi-
lepsy or who have just had a first seizure should be counseled
ot to drive, nikrmfc heavy machinery, work at heights or near
fire, bathe/swim alone, or participate in any other activity dur-
ing which a seizure could lead to significant injury or death.
Laws vary from state to state with respect to the seizure-free
period necessary before driving, so local regulations should
be consulted. The recommended seizure-free period for driv-
ing (6=12 months in most U.5. states) can be used as a rough
guide for avoidance of other potentially risky activities.

OUTPATIENT MANAGEMENT OF
EPILEPSY

Determining an Antiepileptic Drug
Regimen for a Patient With Epilepsy

Some cpilepsy syndromes may respond o (or may be wors-
ened by) particular antiepileptic drugs (AEDs). For example,
valproate is first-line therapy for most idiopathic genetic gen-
eralized epilepsy syndromes, with the exception of childhood
absence epilepsy for which ethosuximide is first=line therapy.
Carbamazepine s particulardy effective for partial (focal)
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seizures, but may waorsen idiopathic genetic generalized epi-
lepsy syndromes such as childhood absence epilepsy, Some
AEDs may be contraindicated in particular patient papula-
tions. For example, valproate should be avoided in women of
child-bearing age due to teratogenicity. Valproate should also
be avaided in children under 2 years old due to increased risk
of hepatotoxicily.

Beyond these scenarios, the treatment of epilepsy is
largely empiric; The clinician seeks the ideal AED or combi-
nation of AEDs that controls the patient’s seizures with no (or
minimal) side effects. Aninitial AED choice for an adult with
cpilepsy is often chosen based on potential drug interactions,
side effect profile; and whether or not there is a need for rapid
titration and/or IV administration (Table 15-2).

Antiepileptics and Drug-Drug Interactions

The obder AEDs phenobarbital, phenytoin, carbamazepine, and
valproate have the most drug-dmug interactions. Phenobarbital,
phenytoin, and carbamazepine are enzyme inducers, lowering
the levels of other medications. Valproate is an enzyme- inhibitor,
increasing the levels of other medications. Therefore, these drugs
would be suboptimal for patients on multiple medications, espe-
cially if a patient is being treated with warfarin or chemotherapy.
The inducers phenobarbital, phenytoin, and carbamazepine can
also decrease the effectiveness of oral contraceptives. Oral contra-
ceplives can decrease laimotrigine levels.

Side Effects and Toxicities of Antiepileptics

Mearly all AEDs can cause dizziness, double vision, sedation,
and/or behavioral changes, although these svmptoms are gen-
erally more pronounced with the older agents (phenobarbital,
phenytoin, carbamazepine, and valproate) and are less com-
mon with newer agents. These side effects may be dose limit-
ing but are generally not dangerous to the patient.

Life-threatening toxicities that can occur with most of
the AEDs include hepatic toxicity, hematologic abnormali-
ties (agranulocytosis, aplastic anemia), and Stevens-Johnson
syndrome (a severe drug-induced cutaneous and mucosal
reaction that can be fatal), Therefore, initiation of most AEDs
requires evaluation with baseline complete blood count (CBC)
and hepatic and renal function tesis. For most AEDS, these
laboratory tests are generally followed serially after initiation
to evaluate for any signs of loxicity or changes in hepatic or
renal function that could require 2 change in dosage.

The highest risks of Stevens-Johnson syndrome are with
phenytoin, phenobarbital, carbamazepine, and lamotrigine.
‘The risk of Stephens-fohnson syndrome with carbamazepine
is higher in Asians with a particular HLA type (FHILA-B1502),
s this should be screened for before starting carbamazepine
in Asian patients. Although the risk of Stevens-lohnson syn-
drome is commonly believed to be highest with lamotrigine,
the current practice of initiating the medication with a slow
uptitration has decreased this risk, and the risk is in fact pres-
ent with all AEDs. Any patient started on an AED should
be instructed to stop the medication immediately and seek
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TAELE 18-2 characteristics of Commonly Used Antiepileptic Drugs (AEDs).

Most Common Unbgque Adverse Drug-Drug IV Fermulation
Indication, If Specific Effocts® Interactions Avallable Other
Carbamazepine (CBZ) Focal seizures Hyponatramia Inducer (decreases Used for trigeminal
lewels of other neuralgia
miedications)
Ethosuximide [E5X) Absence seizures
Gabapentin (GBP) Used Tor neuropathic
pain
Lacosamide (LCA) Cardiac Yes
Lamatrigine (LTG] LTG lewels Wsed &t mood
decreased by oral stabilzer
SR Safestin prégnancy
Levetiracotam [LEV) Poychianc Yy
Oxcarbazepine (OXC) Focal sElFures iy panaliena
Phenabarbital (PB) Hapatic Inducer {decreases Yes
bewats of other
medicationi)
Phenytoin (PHT) Inclucer {decreates Yes
levels of other
medicalionsh
Topiramate (TPM) Wephrofithisiis Ul for milgraine
Welght loss
Valproate (VPA] Idiopathic genatic Weight gain Inhibitor (increases os Used for migraine and
eplepsy syndromies R Lewels of other mood stabilization
SREmoy medicatians)

Most teratogenic

Zonisamide (TNG] Mephrolithkasis

did

h develop, Explaining to par-
ents of children initiating an AED to report the development
rash is particularly important since children frequently
develop rashes of various sorts, The rash of Stevens-Johnson

can be

n quite inngcuously and might not raise concern
parents are instriscted to watch for it

Carbamazepine and oxcarbazepine can cause hypona-
tremia, so serum sodivm should be followed in patients on
these AEDs, Lacosamide can cause PR imerval prolongation,
and =0 a baseline ECG should be obtained before initiating the
medicationand another ECG should be obtained in follow up
to evaluate for any change in the PR interval. Topiramate and
gonisamide can increase the risk of nephrolithtiasis, Valproate
has the ]1.|gin:.-l associated risk of felal malformations when
taken by pregnant women, and topiramate and phenobarbi-
tol also carry high risks of teratogenicity, so these three AEDs
should be avoided in women of child-bearing age. Lamotrig-
ine appears 1o have the lowest risk of fetal malformations
when used in pregnant women (see “Epilepsy and Pregnancy”
below). Many AEDs require dose modification for paticnts
during pregnancy and the postparum period, as well as in
patients with renal and/or hepatic dysfunction,

unless

¥ Deone marro forloty, teratogenacity, and Stevend-lohnson yyndrome can ogourwith neagly all AEDS, a3 can bess serious stheersd

I addition 1o potential toxicities, some AEDs have addi-
tional properties that may influence their use. Valproate and
topiramate are effective for migraine prophylaxis, and could be
considered in patients with both migraine and epilepsy. Val-
proate can cause weight gain and topiramate can cause weight
loss, so the latier might be preferred in an obese patient. Val-
proate has the highest rate of fetal malformations and should
be avoided in women of child-bearing age. Valproate and
lamotriging both have mood-stabilizing propertics, whereas
levetiracetam can cause irvitability and depression, so the for-
mer two may be preferred in patients with psychiatric comaor-
bidities while the latter should generally beavaided. Lacosamide
may be suboptimal in patients with cardiac conduction system
disease dise 1o the risk of PR interval prolangation.

Phenobarbital, phenytoin, valproate, lacosamide, and
levetiracetam can all be administered intravenously if a patient
cannot take oral medications;

Whichever medication is chosen, it should generally be
initiated at the lowest dose and slowly uptitrated with the goal
of seizure control and tolerability.

Drug levels are most commaonly followed lor phe-
nytoin and valproate, although they may be used for other



medications to assess for adherence or to establish a baseline
level to follow during pregnancy or when anether medication
will be initiated that may interact with the original medication.
Phenytoin levels need to be corrected for low albumin levels.

Antiepileptic Drug Titration and
Combination

At each follow-up visit, a patient on AEDs should be assessed
for whether seizure frequency has improved and whether there
are side eifects of the AED(s). IT there is neither improvement
nor side effects, one should alse determine ifthe patient is tak-
ing the medication properly. If there is uncertainty about this,
d eviels can be obtained. After iniliation of AED therapy,
ane of four scenar generally ocours:

. Al a certain dose of an AED, seizures are well: controlled
L significant side effects: The patient’s epilepsy is

\l.“\.-\.l.'.\:ll.'.lli'n -\.lllllll'\l!lL'l\.I.
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2 The maximal dose of an AED is reached, but seizure fre-
quency is unchanged or not sufficiently diminished. A dif-
ferent AED should be initinted and uptitrated. The first AED
should be off-titrated if it was ineffective, and this should be
done gradually to avoid rebound/withidrawal sefzures.

. The maximal dose of an AED is reached with partial but

incomplete control of seizures. A second medication should

b imitiated and uptitrated. If the combination of medications

is highly effective, it may be unclear whether the advantage

wits achieved by the new AED or the combination of AEDs.

I seizures are well controlled, slow down-litration or off-
titration of the original medication can be consideree under
close observation since monotherapy is ideal when possible.

. A submaximal dose of an AED leads 1o improved but
incomplete seizure control but with intalerable side effects.
Dose reduction to the previously tolerated dose is neces-
sary with addition of a second AED and uptitration of this
second agent. Depending on the success of introduction of
the second AED, the first may be slowly off-titrated, as in
the prior two scenarios.

One particular situation of which to be aware in AED
titration is that of carbamazepine autoinduction: carbamaze-
pine induces its own metabolism, and so as a result, the initial
effectiveness may decrease around & weeks 1o 2 months after
initiating the medication, requiring a dose increase,

Refractory (Drug-Resistant) Epilepsy

In one study, about half of patients with epilepsy were able
o be controlled with the first attempted AED, but of those
who were not, only about a gquarter responded to the second
atternpred AED, and returns only diminished further when
attempling treatnment witha third AED or polytherapy (Kwan
and Brodie, 2000). While some patients may be controlled
with complex regimens of more than two AEDs, ila patient 15
not controlled after adequate trials of two well-tolerated AEDs
tindividually or together), the patient is considered to have
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refractory (drug-resistant] epilepsy. Such patients should be
considered for vagal nerve stimulator, epilepsy surgery, and/
or the ketogenic diet. If surgical resection of the epileptic focus
is under consideration and MRI or nuclear medicine study
(ictal single photon emission computed tomography [SPECT]
or interictal positron emission tomography [PET]) does not
revieal the causative lesion (and/or if the focus i adjacent to
language or motor regions). intracranial EEG (also called
electrocorticography) using subdural grids of electrodes
andfor depth electrodes can be used to more precisely local-
ize the epileptogentc lesion. Intracranial EEG can be used to
map ¢pileptic foci and functional regions of normal cortex so
that surgery can be safely performed without causing defi-
cits in important neurologic functions (e.g., language, motor
function).

Tapering Off Antileptic Drugs in
Seizure-Free Patients

In patients who have been seizure free for 2 years, the question
often enterges as to whether AEDs can be titrated off. A grad-
ual taper can be attempled, explaining to the patient that there
is about a 40% risk of seizure recurrence, and that that risk is
greatest during the period of off-titration, Therefore, during
this period, the patient should not drive, should not swin or
bathe unaccompanied, and should not work at heights. [fa
patient has a seizure during the aper, lifelong AED therapy
is generally warranted. Some practitioners perform an EEG
before considering tapering off AEDS to' compare 1o prioe
EEGs in order to guide this decision,

SPECIAL SCENARIOS IN THE
MANAGEMENT OF SEIZURES AND
EPILEPSY

Childhood-Onset Seizures

A number of epilepsy syndromes arise in infancy or child-
hood that have particular clinical and electrographic fe-
tures, =some of which respond to specific treatments ( Table
18-3). Other causes of seizures in infants include:

« In utero or periparium stroke, hemorrhage, or infection
« Inbom errors of metabolizm
» Brain malformations

Pediatric Febrile Seizures

1f a child presents with seizures and fever, this should lead to
consideration of meningitis. encephalitis, or cerebral malaria
(i endemic regions). However, in children up to about 5 years
af age, seizures may occur in the setting of fever without CNS
infection. Pediatric febrile seizures in this context are referred
1o as simple or comples. A pediatric febrile seizure is classified
as a simple febrile seizure if it is generalized, lasis less than
15 minutes, and ocours less thanonce in 24 hours. With sim-
ple febrile seizures, the risk of future development of epilepsy
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TAELE 18-2 Pediatric Epilepsy Syndromes.

Age of Onset  Selzure Type Other Clinkcal Features EEG Features Treatment
‘Dhtahara 0-3 manths Tonks spasms Often fatal before age 1 Baarst suppression Often refractory to AEDS
drame
S Vamous
Dravet syndrome -1 yeass Vanous, often Developmental May be normal Katogenic diet
(Severe prolonged regreEssion initinlly; later
S : slowing & Often refractory to AEDS
of infancy] 5{!\._13. mutation piloptifam
[sodium channel] discharges
‘West syndrome 0-1 years Infantie spasms Developmenial Hypsarthythmia ACTH
delaymental ; -
retardation Vigabatrin
Qften secondary 1o
wnderhying cause
Doose syndrome 1-5 years Myoclonic-astatic Mental development May be narmal AEDS
[Myoclonic astatic {drop attacks) may be normal or bnitialky; later
epilepsy] _ impaired spakeSwave & Ketogenic dist
i il slavaing
Lennox-Gastaut 3-10yeas GTC Mental refardation Slow spikefwave Valproke ackd
syndrome [Peak . : I (2.0=-2.5 Hz)
I-5years) Alonic {drop ATTACK
Arypical absence
Landau-Kleffner 2-10 years Any type {some Pure word deafness Temparald AEDs
syndrome Peak: patiénts do not have with preserved hearing; temporoparietal -
S 7 oAy LEizLrEs) olher progritsive ipiked percichs
anguage deficits Selldve Surgery
during slecp
Resmussen 15 yeasy 2 motoriepilép- Progrossive unilatenal Focal rp&]l:gli.‘l'nq'm hfumunmnodulamry
sncephalitis artialis continua nemisphena atrophy discharges therapy
with contralateral o
hemiparesis Hemisphereciomy
Associnted with
antibody to GluR3 (glu-
tamati recepion
Fanaylotopoalos 1=15ygary Haormal dewslopment; Occipital spikes AEDs
nidrem " rally remits
= " e Lsually remits after
TECnIGE Years
Benign Rolandic I=13yeas Nocturnal facal Liscally spontaneously Centraternporal Spontaneously remits
epilepsy iBenign molor weizures of AmiTs spikes {although can be treated
epllapsy with mouth with with AEDS until then)
centrotemporal drogling, aphasia
spikes [BECTS])
Childhood absence 3-10years Erief absence May be triggered by 3 Hz spikeforane Ethosuximide
B ing sedrures
epilepry Selzures hyperventilation dusing Valprote acid
[Note: carbarnazepine
may warsen absence
epilepsy)
Juvenile myoclonic 12-1E years GTc Myochonkc jerks in Al 4-6 Hz spikedeave Valproic acid
epilopsy (IME)
Absence
Myoclonic

Abbreviatoms: ACTH: adrenoconat o hoamane, AED4 antiepidepeic drugn: BEG: clectroencephalggeapham; GTC: geneakied 1oric-clonic weipure.



is mot felt 1o be significantly elevated and so such patients
generally do not require further evaluation with respect to the
seizures (Le., EEG is generally not necessary), and AED trear-
ment is not generally indicated.

However, ifany of the above criteria for simple febrile sci-
#ure are not met (i.e., pediatric febrile seizures that are focal,
last more than 15 minutes, and/or occur more than once in
24 heurs), these are considered to be complex febrile seizures.
Complex febrile sebzures are associated with an increased risk
of Tuture febrile seizures and development of epilepsy. EEG
may be conzidered in cases of complex febrile seizures to
evaluate for an underlying epileptic focus or a signature of an
syndrome. Prophylactic AED treatment
imay be caonsidercd in some patients with complex febrile sei-
pures if EEG s sugeestive of an underlying epilepsy syndrome.
v efther simple or complex febrile sei-
il be provided with rectal diazepam to be
ubsequent febrile seizure occurs and lasts

inger than 5 minute

lI|uI|.':.1_\.||!:' |,'!1:_!\'5'--._
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Seizures in Patients With HIV

When seizures occur in an HIV-paositive patient, CN5 oppor-
wnistic infection should be considered (see "Opportunistic
Infections of the Nervous System in HIV/AIDS™ in Chapter 20).
Limited data exist on interactions between AEDs and antiret-
rovirals; the data that exist are summarized ina 2012 American
Yeademy of Meurology puideline statement {Birbeck et al.,
2002). In general, this guideline recommends that engyme-
inducing AEDs be avoided in patients on antiretrovirals when
possible, Particular interactions highlighted in the guideline
include the following:

« Phenytoin appears to decrease lopinavir and ritonavir levels
and may require dose augmentation of these antiretrovirals.

Valproate may increase zidovadine levels and may require
a dose reduction of zidovudine.

Atazanavir/ritonavir appears (o decrease lamotrigine levels
and may require a dose increase of lamotrigine.

Epilepsy and Pregnancy
One of the most feared adverse effects of AEDs is teratoge-
nicity. The background risk of major congenital mallorma-
tions in the general population is about 1%=3%. The AED that
augments this risk the most is valproate, with a rate of major
congenital malformations of 109%-20%. Topiramate and
phenobarbitel also carry relatively high risks of teratogenic-
ity compared to other AEDs, Lamotrigine and leveliracetam
appear to be the safest AEDs in pregnancy, and the risks asso-
ciated with other AEDs [all in between. AEDS also increase the
risk of neurodevelopmental disorders, with the highest risk
again coming from valproate. Higher AED doses and AED
polytherapy increase the risk of both congenital malforma-
tions and neurodevelopmental disorders.

If a woman with epilepsy plans ta become pregnant, the
ideal scemario would be if her AED(s) could be tapered off, If
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the paticnt has been selzure free for 2 years or maore, tapering
off of AEDs can be considered to see if she can tolerate being
off AEDs for several months before conception. However, this
is rarely feasible in practice, and the majority of patients will
require AED therapy through pregnancy. Every effort should
ke made 1o limit the number of AEDs and the dosage of AEDs
in pregnant women, trying to ind the minimal effective regi-
men before conception. IFa patient’s seizures have been con-
trolled on a highly teratogenic AED (valproate, topiramate, o
phenobarbital), a cross-titration to a lower risk AED should
be considered before conception:

If a patient becomes pregnant while already on AEDs
(including valproate or topiramate), titration to a diifer-
ent medication regimen should not be attempted for several
reasons: seizures during this period could be harmiful to the
fetus (as well as the mother), the period of neurulation duering
which teratogenic risk may be highest has often already passed
by the time the pregnancy is apparent, and cross-titration of
AEDs will lead to greater exposure to multiple AEDs during
the period of cross-titration,

All women of child-bearing age on AEDs should be given
folic acid to lower the risk of teratogenicity (especially neu-
ral tube defects) should they become pregnant. If a woman
on AEDs becomes pregnant and was not on folic acid, this
should be initiated immediately, since folic acid reduces the
risk of neurodevelopmental disorders and major congenital
malformations.

AED levels should be obtained before pregnancy and fol-
lowed closely since changes in metabohsm and volume of distri-
bution may require dose readjustment to maintain the desired
therapeutic AED levels during pregnancy. After delivery, dose
adjustment of AEDs is often necessary again since metabolism
and volume of distribution retum to pre-pregnancy states.

Some practitioners advocate for the use of daily vitamin K
beginning | month before delivery in pregnant women on
AEDs to prevent hemorrhagic disease of the newborn since
vitamin K levels in the fetus may be reduced by enzyme-
inducing AEDs, although this practice is debated.

Breastfeeding while on AEDs is not felt to be harmful to
the newborn and should be encouraged.

Antiepileptic Drug Prophylaxis for At-Risk

Patients Who Have Not Had Seizures

There are anly a few scenarios in which a brief course of pro-

phylactic antiepileptic therapy is utilized in a patient who has

not vet had a seizure:

» For 7 days after severe head trauma to reduce the risk of
early seizures (although this has no effect on whether the
patient will develop epilepsy later)

= For 7 days after a craniotomy (although this practice is
debated)

After aneurysmal subarachnoid hemorrhage until the anea-
Pysit is secured, since the patient is at risk for seizures and
sefzures could increase the risk of rebleeding (although this
practice is debated),
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For most other scenarios in which one might consider
seizure “prophylaxis,” there are no data o support the prac-
tice. AEDs are generally mot givén to patients with a brain
temor, stroke, hemorrhage, or meningitis unless they have a
seizure, since the risks of AED woxicities and interactions with
other medications mav outweigh the benefits.

STATUS EPILEPTICUS

Status epilepticus is dehined as 5 or more minutes of continu-
OUS seizures, or repeated ssizures without retum o Conscions-
ness between them.

Three aspects of management for status epileplicus must
be pursued in parallel:

1. Management of the *ABCs” (airway, breathing, circula-
tion). Ongoing seizures are a medical emergency in addi-
tion to-a neurologic emergency. Both seizures and sedative
medications used 10 treat them can fead 10 respiratory
compromise and cardiovascular instability. Continuous
oxvgen saturation monitoring and cardicvascniar moni-
toring are essential and intubation/mechanical ventilation

iy bé necessary.

[&]

. Treatment of seizures in status epilepticus. The usual

algorithm for the treatment of statusepilepticus is as follows:

« Serial doses of benzodiarepines (eg., lorazepam) are

administered (glucose and thiamine are generally given
as well at this stages see below),

« Ifseizures are still not brought under control, a phenytoin

e (some practitioners use valproate, phenobar-

bital, or leveliracetam instead of phenytoin at this step).
= [P seizures are still not brought under control, some prac-
s give an additional partial load of the antiepileptic
oaded in the prior step, although others proceed directly
to the next step

joney

= If setzures are =till not brought under controd, the patient
bated and coma is induced with pentobarbited, mid-
arolam, or propofol. Note that this step is generally only
taken for generalized convulsive seizures but not for focal
motor status epilepticus; use of these measures in nomcon-
vulsive status epilepticus is debated (see “"Nonconvulsive
Status: Epilepticus” below): Continuous EEG monitor-

15 intu

ing b generally initiated at this point o guide success of

therapy. A daily maintenance AEDY is also initiated.

If coma is induced, it is gencrally maintained for
approximately 24 hours. Sedatives are then slowly weaned
under continuous EEG monitoring to determine whether
status epilepticus has resolved or whether further therapy
is necessary, If seizures remain refractory 1o all of these
treatments, additional AEDs andfor sedative agems can
be added. IF these treatments remain inetfective, extreme
measures miay include ketamine, hypothermia, ketogenic
diet, immunotherapy (i there is concern for an autoim-
mune etiology), electroconvulsive therapy, and/or surgi-
cal inkervention (if a seizure focus can be identified),

3. Search for an underlying canse. Evaluation for hypoglyce-
mia, electrolyte abnormalities, drug intoxication or with=
drawal, structural lesion, or an infectious or inflammataory
etiology of status epilepticus should proceed in parallel
with treatment of status epilepticus. Glucose and thiamine
are generally given immediately to patients in status epi-
lepticus: If hypoglycemia is present. it must be reversed
rapidly; if there is no hypoglveemia, there is little harm in
empirically treating for this possibility. Thiamine is given
with glucose so as to prevent development of Wernicke's
encephalopathy in potentially at-risk patients (See “Wer-
nicke’s Encephalopathy™ in Chapter 22}

Nonconvulsive Status Epilepticus

Monconvulsive status epilepticus (NCSE) refers (o seizure
activity without frank convulsions. Subtle motor signs (e.8.,
eve deviation or nystagmus, evelid or facial twitching, extrem-
ity twitchingd may be present, but some patients may only
have alterations in level of conscicusness ranging from con-
fusion to coma. The diagnosis is made definitively by noting
electrographic seizure activity on EEG. Continuous EEG for
at least 24 hours is generally required to evaluate for NCSE,
since seizures may be intermittent. If the EEG is ambiguous
{i.e., epileptiform discharges but without clear evidence of sei-
#ure), a benzodiazepine trial can be undertaken to see if there
is both electrographic and clinical improvement in response
1o benzodiazepine administration,

MCSE should be considered in patients who fail to recover
consciousness after one or more seizures, NCSE should also be
considered in the differential diagnosis of altered mental status
and coma since up to 20% of comatose patients in intensive
care unils may have evidence of NCSE when monitored with
continuous EEG. 1t remains unclear whether poor outcomes
in critically ill patients with NCSE are significantly ameliorated
by treating NCSE aggressively, since poor outcomes may be
more A reflection of the underlying couse of MCSE rather than
NCSE itself. Therefore, although attempts should be made to
control NCSE with antiepileptics while treating the underlying
cause, anesthetic agents are less commonly used for WCSE as
compared 1o their regular use for convulsive status epilepticus.
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Vascular Diseases of the

Brain and Spinal Cord

Transient lschemic Attack

Etiology of lschemic Strole

Inftial Evaluation of a Patient With Acute Ischemic Stroke
Initial Treatment of Acute Ischemic Stroke

Evaluation for Etiology of Ischemic Stroke

Secondary Prevention of Ischemic Stroke

Rarer Causes of Ischemic Strake: Vasculopathies,
Vasculitis, and Genetic Disorders

Long-term Sequelae of Ischemic Stroke: Recrudes-
cence, Seizures, and Cognitive Impairment

INTRACEREBRAL HEMORRHAGE
Acute Management of Intracerebral Hemorrhage
Etiologies of Intracerebral Hemorrhage

Resuming Anticoagulation After Anticoagulation-
Associated Intracerebral Hemorrhage

The brain and spinal cord can be affected by a variety of condi-
tions related to the vascular systen:

« Ischemic stroke: lack of blood flow to a portion of the brain
{(or more rarely the spinal cord)
« Intracranial or spinal hemorrhage at five possible sites:
« Epidural hematoma: between the skull or spine and dura
« Subdural hematoma: between the dura and arachnoid
« Subarachnoid hemorrhage: between the arachnold and
brain or spinal cord
. Inu-.qp;m_-nr;Iwmn.t fintracerchral]) hemorrhage: in the
brain itself (or less commonly hemaorrhage into the spinal
cord (hematomyelia)]
« Intraventricular hemorrhage (within the ventricular sys-
tem of the brain}
« Cerehral venous sinus thrombosis
« Vascular malformations
« Vasculopathies. including vasculitis amd reversible cerebral
vasoconstriction syndrome (RCVS)

CENTRAL NERVOUS SYSTEM VASCULAR MALFORMATIONS
SUBARACHMNOID HEMORRHAGE
Aneurysmal Subarachneid Hemorrhage
Perimesencephalic Subarachnoid Hemorrhage
Unruptured Intracranial Aneurysms
INTRAVENTRICULAR HEMORRHAGE
SUBDURAL HEMATOMA
EPIDURAL HEMATOMA
CEREERAL VENOUS SINUS THROMBOSIS AND CORTICAL
VEIN THROMBOSIS
OTHER CEREBROVASCULAR DISORDERS
Posterior Reversible Encephalopathy Syndrome [PRES)
Reversible Cerebral Vasoconstriction Syndrome [RCVS]
Superficial Siderosis
VASCULAR DISEASE OF THE SPINAL CORD
Ischemic Stroke of the Spinal Cord
Spinal Hemorrhage
Spinal Dural Arteriovenous Fistula

OVERVIEW OF ISCHEMIC STROKE
AND INTRACEREBRAL
HEMORRHAGE

The term stroke refers to the clinical scenario in which a
patient is “struck™ by a sudden-onset neurologic deficit
localizable to the brain (or more rarely the spinal cord;
see “Vascular Diseases of the Spinal Cord™). The vascu-
lar conditions that are collectively referred to as stroke
(or cerebrovascular accident) include ischemic stroke and
intracerebral hemorrhage. Intracerebral hemorrhage is
sometimes referred toas “hemorrhagie stroke.™ Although
subarachnoid ln:tnnrrh:ig.: iz sometimes included as a canse
of stroke, its clinical presentation and management are dis-
tinct from ischemic stroke and intracerebral hemorrhage.
Although both ischemic stroke and intracerebral hemor-
rhige can present similarly, their management differs,

179
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Although the potential etiologies of ischemic stroke and
intracerebral hemorrhage overlap, there are unique causes
of each that must be considered.

lschemic stroke and intracerebral hemorrhage both
present with sudden-onset focal neurclogic deficits, b
intracerebral hemorrhage is more commonly accompanied
by headache, nauscavomiting: and depressed level of con-
sclousness at ‘'onsel due to increased intracranial pressure
and brain displacement from mass effect of the hematoma.
However, ischemic stroke may also present with headache,
nausealvomiting. andfor depressed level of consciousness
depending on the size and location of the area of ischemia,
so distinction between ischemic stroke and intracerebral
hemorrhage often cannot be made on clinical grounds alone.
Therefore, a CT scan iz necessary for diagnosis as soon as
stroke i suspedted.

Acute management of ischemic stroke and acute man-
agement of intracerebral hemorrhage share many aspects
of supportive care but ditfer with respéct to two param-
eters: coagulation and bloed pressure (Table 19-1). In
acute ischemic stroke, the goals are to decrease thrombo-
sis- (thrombolysis, antiplatelet agents, or in some instances
anticoagulation}and allow autoregulation of blood pressure
{to restore/maintain tissue perfizsion). In acute intracere-
bral hemorrhage, the goals are to stop bleeding (reversal
of anticoagulation, administration of clotting factors) and
reduce blood pressure {to decrease the likelihood of hema-
toma expansion).

Aside from these two parameters, the majority of acure
supportive managerment and subsequent supportive care is
shared between ischemic stroke and intracerebral hemorrhage:

« Electocardiogram (ECG) and cardiac monitoring (1o evalu-
ate for myocardial infarction or arrhythmia, which can
cause or be caused by stroke).

Evaluation of swallowing and prevention of aspiration.

Control of blood glucose to avoid hypoglycemia or

hyperglvcemi,

Maintenance of euthermia (by treating fever and underly-
ing infection if it occurs).

Treatment of seizures if they occur (more common with
imtracerebral hemorrhage as compared to ischemic siroke).

Evaluation for and management of elevated intracranial
pressure.

-

Early mobilization.

Déep venous thrombosis (DVT) prophylaxis. Pharmacologic
DV prophylaxis can be started immediately afier ischemic
stroke unless tissue plasminogen activator (1PA) is adminis-
tered {in which case it is delaved 24 hours). However, phar-
macologic DVT prophylaxis is generally not started uniil
24-48 hours afier intracerebral hemorrhage. Mechanical
prophyvlaxis can begin immediately after either type of stroke.
Physical therapy, speech therapy, andior occupational
therapy.

TABLE 12-1 Comparison of Acute Management of
Ischemic Stroke Versus Intracerebral Hemorrhage.

Coagulation Blood Pressure
Ischemic Reduce Permissive
stroke {thrombolysis, antiplatelets) hypertension

[autaregulation)

intracerebral  Increase Decrease
hemarrthage  (reversal of coagulopathy,

administration of clofting factors)

ISCHEMIC STROKE

The types of neurologic deficits seen with ischemic stroke
depend on the size and location of the infarct. A small infarct
My cause symptoms so mild that the patient does not pres-
ent for medical attention. This is borne out by the (requency
with which evidence of a prier infarct s noted on a CT scan
performied for other reasons in a patient with no known prior
clinical history of stroke. However, a small infarct in the
imterial capsule or anterior pons could lead to contralateral
hemiplegia. The stroke syndromes caused by infarction in the
varkous vascular territories are discussed in Chapter 7 {see
“Clinical Syndromes Associated with Cerebral Vascular Ter-
ritories” in Chapter 7).

Transient Ischemic Attack
A transient fschemic attack (TIA) was initially defined as
symplom of a stroke that last for less than 24 hours. However.
the increased sensitivity of MRI with diffusion-weighted imag-
ing (W) has demonstrated that many patients with transient
stroke symptoms have actually had small strokes. Therefore,
TIA is now defined as transient stroke symptoms that resolve
completely without evidence of infarction on MREL Most TIAs
fast for minutes o about an hour, and those that last longer
often have evidence of infarction on DWI even if symptoms
resolve completely. The risk of subsequent stroke after TIA can
be estimated by the ABCD2 score {Johnston et al., 2007):
« Age 1 point if 260
« Blood pressure: 1 point if =140/90 mm Hg at time of

presentation
« Clinical symptoms of T1A

« 2 points for unilateral weakness or

« | point for speech disturbance without weakness or

« 0 points for any other symploms without weakness or

speech disturbance

« Diabeies: 1 point il present
« Duration of TIA: 2 points for 260 minutes, | point for

10-59 minutes. 0 points if <10 minutes

A score of 1-3 yields a 2-day and 7-day stroke risk of

approximately 1%, a score of 4-5 yields a 2-day stroke risk of
approximately 4% and a 7-day stroke risk of approximately
ﬁ{'u. and a score ol 6=7 }'i#lds ik z-ll::}" siroke risk of ummrgxl.
mately 5% and a 7-day stroke risk of approximately 11%
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{lohnston et al., 2007). Some praclitioners use this score to
determine whether evaluation for etiology of TLA should pro-
ceed as an inpatient or can be performed in rapid outpatient
follow up. Evaluation for etiology and stroke prevention after
TIA Is discussed with secondary prevention of stroke below.

Etiology of Ischemic Stroke (Table 19-2)

Understanding the potential etiologics of ischemic stroke
allws for an understanding of the acute management, evalua-
tion for etiology, and secondary prevention ofischemic stroke,
Any pathophysiclogic process that disrupts blood supply to
onie or more regions of the brain can cause ischemic stroke.

atomicall blood supply to the brain begins in the left
itricle of the heart, travels through the aorta to the cervical
vessels (carotid ries and vertebral arteries), and ultimately

- cerebral arterial system. Pathology at any
cad o ischemic stroke, as can diseases of
‘refore, the initial evaluation for stroke eti-

oy (discussed in more detail below) must evaluate:

he blood itsel

The arteries;

« Ultrasound, C1 angiogram (CTA), MR angiogram
(MEA), or digital subtraction angiography

« Evaluation for risk factors for arterial disease: blood pres-
sure, blood sugar, lipids, smoking status

[he heart: cardiac monitoring and echocardiogram

11 climically indicated, the blood; e.g., for hypercoagulability

or sickle cell disease

TAELE 12-2 Etiologies of Ischemic Stroke.

Vascular Causes Cardiac Causes Hematolagic
of Stroke of Stroke Causes of Stroke
Arterial disease Cardiac sources + Hypercoagulable
. of embolitm state
= AlhrgsclErodis
. + Atrial fibetlation + Sickle cell
= Cervical artery anamla
dissection « Left ventricular
failure = Hyperviscosity
= Vasculopathy
4 + Myocardial + Intravascular
= Radiation-induced Enfheetion lymphoma
+Inherited + Endocarditis
(g, CADASIL)
. i
T Infectious
: + Inflammatory
+ Primary ChHS
vascubitls + Thrombatic
[e.g. due to
. Slnmnlfi_ary ENS mialignancy)
vasculitis
(g, infectious) + Cardiac tumes
= Vasospasm Other cardiac
causes of stroke
Venous disease

= Cardiac armest
= Venous sinus

thrambasls « Patent faramen
: - avale (due 1o
= Cortical wfm paradosical
thrombasis embalism}

Arterial Disease as a Cause of Ischemic Stroke
Diseases of the cerebral vasculature that can lead to ischemic
stroke include:

Atherosclerosis and thromboembolic disease of the anteries
Lipohyalinosis of small penetrating arteries (small vessel
disease)

Carotid or vertebral artery dissection

Cerebral vasospasm (e.g., reversible cerebral vasoconstric-
tion syndrome [RCVS] or secondary to subarachnoid
hemaorrhage)

Vascular compression by an external mass (eg. a neck
tumor compressing one of the carotids)

Vasculopathy, including vasculitis, radiation-induced vas.
culopathy, moyamoya

Atherosclerosis and thromboembaolic disease as a cause
of ischemic stroke

‘Thrombosis refers to local formation of a clot in the lumen of
a blood vessel. Embalism refers to passage of material from
a more proximal source to a more distal location. In the case
of the cerebral arteries, embolism may arise from the heart,
the aortic arch, the cervical vessels (the carotid arteries or
vertebral arteries), or from the venous circulation if there is
a patent foramen ovale (see "Secondary Stroke Prevention in
Patients With Patent Foramen Ovale™ below), Atheroscle-
rosiz is the main cause of thrombotic disease of the cervical
and cerebral blood vessels, Risk factors for atherosclerosis
include hypertension, diabetes, hyperlipidemia, and smoking.
Embaolism from the carotid arteries or vertebral arteries 1o a
more distal cerebral vessel is referred to as artery-to-artery
embaolism (e.g., from the internal carotid artery to the middle
cerebral artery). Stroke can also be caused by embolism of
thrombotic material from the heart (o cerebral blood vessels
{See “Cardiac Causes of Ischemic Stroke” below). If a patient
has a patent foramen ovale, embolism from the venous circu-
lation can cause stroke (paradoxical embolism). Rare canses
of cerebral embolism not due to thromboembolism include
air embaolism, fat embolism, and amniotic fuid embolism.

Lipohyalinosis of small penetrating arteries as a cause of
ischemic stroke—Chronkc hypertension can lead to thicken-
ing of the walls of the small penctrating arteries (small vessel
disease). which can predispose to lacunar infarcts in the deep
subcortical regions (internal capsule or thalamus) or the ante-

rior pons (see “Lacunar Strokes™ in Chapter 7).

Cervical artery dissection as a cause of ischemic stroke—
Cervical artery dissection is & tear between the iu}'t'n: of the wall
of the cervical vessels (e, carotids or vertebral arteries). It is a
common canse of stroke in the yvoung and can be cansed by head
or neck trauma (which may be major or so minor that it cannot
be recalled); chiropractic manipulation. and collagen disorders
(e, Ehlers-Danlos, fibromuseular dysplasia). Cervical artery
dissection can present as TIA or stroke, or may present with local
symiptoms such as neck pain, headache, and in the case of carotid



182 PART 11 Discases of the Nervous System

FIGURE 19-7 Internal carotid artery dissection. A: CT angiogram of the neck in sagittal view demonstrating “flame-shaped” appearance
of internal carotid artery dissection (arrow]. B: Ti-weighted axial MRI with fat saturation demonstrating “crescent” appearance of intramural

rematama in left invernal carotid AFEny CISSECion (arnowl,

frasection, lower cranfal nerve palsies (cranfal nerves 2-12)

and'er Homer's syndrome {in the case of internal carotid dissec-
wis and miosis will be seen, but no anhidrosis because

| with the external carotid; see “Impaired
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19-18]}. Secondary stroke prevention in
stroke due 1o cervical artery dissection is
e “secondary Stroke Prevention in Patients

T8

| Artery Dissection” ).

Vasospasm as a cause of ischemic stroke—Vasospasm can

e Cansed by

Local frritation of the blood vessels by subarachnoid hem-
o

hare or meningitis

Failure of cerebral awtoregulation, which can be seén In
pasterior reversible encephalopathy syndrome { PRES: see
Posterior Reversible Encephalopathy Syndrome™ below)
and eclampsia/postpartum angiopathy

Drugs such as cocaine and marijuana, and medicstions
such as selective serotonin reuplake inhibitors (S5R1s) and
sympathomimetic-containing cold medications can cause
reversible cerebral vasoconstriction svndrome (RCVS: see
“Reversible Cerebral Vasoconstriction Syndrome” below)

Vasculopathy and vasculitis as a cause of ischemic stroke—

Bevond atherosclerosis, there are a number of other causes of

vasculopathy that can cause ischemic stroke, including:

» Radiation-induced vasculopathy (see “Neurotoxiciiy of
Radiation Therapy™ in Chapler 24) '

Reversible cercbhral vasoconstriction syndrome (RCVS),
which can cause stroke or hemorrhage (most commonly
subarachnoid hemorrhage when hemorrhage occurs)

Moyamoya (which can be primary or secondary)

Cerebral autosomal dominant arteriopathy with subecortical
infarcts and leukoencephalopathy (CADASIL) and cerebral
autosomal recessive anteriopathy with subcortical infarcts
and leukoencephalopathy (CARASIL)

Vasculitis: blood vessel inflammation that may be primary
or secondary (¢.g., secondary to infection or to a systemic
vasculitic syndromie)

These and other vasculopathies are discussed below (see
“Rarer Causes of Ischemic Stroke: Vasculopathies, Vasculitis,
and Genetic Disorders™)

Cardiac Causes of Ischemic Stroke
Cardiac causes of stroke inclade:
« Atrial fibrillation: clot formation due to stasis in the left

atrium {especially the lefi atrial appendage) leads to cerebral
embolism

Cardiac valvular disease (and mechanical cardiac valves)

Left ventricular failure with dilated left ventricle: clot forma-
tiomn due o stasis in the left ventricle leads 1o cerebral embolism

Myocardial infarction: due to development of left ventricu-
lar thrombus {mural thrombus)

Infective endocarditis with sepiic embolization

Monbacterial thrombaotic endocarditis {(marantic endocar-

ditis) with embaolization, which can be caused by:

« Inflammatory endocarditis in rhemmatologic disease (e.g.,
Libman-Sacks endocarditis in lupus)

« Malignancy causing thombus formiation en cardiac valves
(most common with mucin-secreting adenocarcnions)
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i‘,'e::rmnmg}ng in hypnxic-i:chnmil; injury caused by cardiac arrest. A Axial CT chemonsirating diffuse sulcal effacement

fiac tumors on which thrombus may form (e.g.. fibro-
lastoma, atrial myxoma, metastasis)

Patent foramen ovale, which can serve as a conduil for
thrombus formed in the venous circulation to find its way
to the arterial system and cause stroke.

Cardiac arrest with hypoxic-ischemic injury. The gray mat-
ter is most sensitive to hypoxia, so I1§.'pnxic-i:ic|1|:111in.' injury
can cause diffuse infarction of the cortex and/or basal gan-
glia (Fig. 19-2).

Hematologic Causes of Acute Ischemic Stroke

Prablems with the blood iself can also lead to stroke:

« Hypercoagulable states, which may be inherited (g, factor
V Leiden mutation, prothrombin gene mutation, protein C
deficiency, protein 5 deficiency, antithrombin 11 deficiency)
or acquired (e.g., antiphospholipid antibodies, hypercoagula-
bility of malignancy, disseminated intravascular coagulation)

sickle cell anemia

= Hyperviscosity, which can be caused by polycythemia vera
and Waldenstrém's macroglobulinemia

Intravascular lymphoma

Initial Evaluation of a Patient With Acute
Ischemic Stroke

The goal of the initial evaluation ofa patient with a suedden-
onset neurologic deficit is to establish whether the diagnosis
is stroke and exclude potential "mimics” such as seizure/post

ictal state, migraine, unwitnessed head trauma, hypoglyeemia
or other acute metabolic abnormality, or intoxication. I a
seizure iz unwitnessed, the postictal confusion and/or Todd's
paralysis can mimic stroke. A migraine aura oceurring for

of the basal ganglia. B: Axial DWI MBI demonstrating diffuse cortical and bilateral basal ganglia diffusion restriction.

the first time may mimic stroke, especially before the classic
headache emerges. Although acute metabolic derangements
often present with global neurologic deficits rather than focal
anes, [ocal findings can occur in the setting of hyperglycemia.
Trauma and intoxications are generally apparent from the
history and examination, but may require collateral informa-
tion and toxicology screening (especially if a patient is sim-
ply “found down”). If a patient presents with acute left arm
and face tingling, evaluation for myocardial infarction should
be undertaken; since chest pain may not be a prominent fea-
ture of cardiac ischemin in elderly patients or patients with
impaired pain perception due to diabetic neuropathy.

For any acute-onset neurologic deficit, monitoring of all
vital signs is essential, and ECG, blood sugar, basic chemis-
tries, complete blood count, and coagulation profile should be
obtained while clinical evaluation is undertaken.

In practice, when acute stroke is suspected, history and
examination are often performed en route to a CT scan
since the use of thrombolytic treatment for acute ischemic
stroke (IV tPA) requires rapid confirmation of the diagnosis
and exclugion of alternative diagnoses within a very narrow
time window (upper time limit of 3 hours or in sonie cases
4.5 hours from symplom onset, but the best outcomes are with
earliest treatment). If CT reveals an alternative diagnosis—e.g.,
intracrantal hemorrhage or tumor—the diagnostic and treat-
ment approach shift accordingly.

Other important tests o obtain in addition to CT when
considering thrombolytic therapy are serum platelets, plasma
thromboplastin (P17, and partial thromboplastin time (PTT)
to evaluate tor a coagulopathy that would be a contraindica-
tionto such treatnent, 1FCTA is 1o be performed, serum cre-
atinime should also be measured to determine whether it is
safe to administer intravenous contrast.
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E 19-3 Early signs of ischemia on noncontrast CT
imaging I: hyperdense vessel and sulczl effacement. Axial non-

..... ¥ E T dAmrre

hcal effacement with loss of gray-white differentiathon n the left

ating hyperdense left MCA (armow) and diffuse

Meuroimaging Findings in Acute Ischemic Stroke
The CT scan may show no abnormalities in the acute setting
of acute ischemie stroke since the CT hypodensity caused by
ischemic stroke can take up to 12 hours o emerge. In some
cases, however, subtle findings related to vessel occlusion
or ¢arly tschemia may be seen on noncontrast CT in the
acute setting: a hyperdense vessel (a sign of ¢lot and/or slow
flow in the vessel) (Fig. 19-3), blurring of the gray-white
junction/sulcal effacement (Fig. 19-3), and, in middle cere-
bral artey (MCA) stroke, hypodensity of the insular ribbon
(Fig. 19-4A). Early parenchymal hypodensity may be more
easily visible when changing the window setting 1o 30-30
(Fig. 19-4B}. [T the clinical impression is that the patient i hav-
ing an ischemic stroke, the CT scan does not reveal an alterna-
tive explanation for the patient's symptoms, and the time of
onset of symptoms is well established with the patient having
presented within the 3-hour (or in some cases 4.5-hour) win-
dow, the patient can be considered for thrombolytic therapy
if there are not contrindications (see “Thrombaolysis in the
Treatment of Acute Ischemic Stroke™ below).

MR with diffusion weighted il““g.l"}: {2WI) and appar-
ent diffusion coefficient (ADC) sequences can: demonstrate
ischemic stroke within an hour after onset, and so MRI ismuch
more sensitive than CT in the acute setting. Acute ischemic
strokes appear-bright on DWI and dark on ADC (Fig: 19-5).
CTA can be performed to look for arterial occlusion that may
be apparent before signs of tissue ischemia are visible on CT
(Fig. 19-6). However, these studies take longer and may not
be accessible acutely, and neither is required for the adminis-
tration of IV tPA in the appropriate clinical setting. CTA and
MREI may be performed acutely to determine whether a patient
is a candidate for intra-arterial intervention (see “Thramboly-
sis in the Treatment of Acute Ischemie Stroke™).

FIGURE 19-4 Early signs of ischemta on noncontrast CTimaging I1: loss of the insular ribben. Az Axial nencontrast CT demonstrating
hypodensity of the dght insular cortex (arrow; compare 1o the left insular cortes), B: The same shice as in (A}, windawed 1o 30-30, more chearly

demonstrating hypodensity in the region of the right insula.
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Diffusion welghted imaging (DWI) and apparent diffusion coefficient [ADC) MBI in acute ischemic stroke. Axial DWI
A) and ADC (B) demonstrate diffusion restrictson i the termtony of the laft MCA

strokes do not become visible on fluid-
lenuated inversion inversion recovery (FLAIR) imaging
ntil about & hours from onset, 0 a siroke visible on diffu-

Izchemic

sion sequences that is not vet visible on FLAIR is generally less

FIGURE 19-6 cTangiography [CTA]In acute ischemic
stroke. Axiol CTA demaonstrating cut-off of the left MCA with distal
reconstitution,

than 6 hours from onsct. ADC darkness is generally present
for several days before normalizing, although DWI brightness
may persist for approximately 7- 10 days,

Although DWIADC sequences are believed 1o be the
gold standard in stroke diagnosis, it should be noted that false
negatives do occur in the first 24 hours, especially with strokes
that are very small and/or in the posterior fossa.

Subacute strokes (about 1 week to 1 month old} can dem-
onstrate enhancement on postcontrast CT or MEI (Fig. 19-7).
This radiographic appearance may be mistaken for tumor if
there is no clear clinical history of stroke, but subacute stroke
can be radiologically distinguished from tumor in several
ways: subacute strokes typically conform to a vascular terri-
tory, and usually demonstrate no or minimal surrounding
edema or mass effect on surrounding structures as would be
scen with tumors. In ambiguous cases, serial imaging should
be performed to see if the lesion expands as would be expected
with tumor, or develops volume loss (encephalomalacia) as
wonld be expected with infarction.

Initial Treatment of Acute Ischemic Stroke
Since ischemic stroke is due o decreased blood supply 1o a
region of the brain, the goal of therapy is restoration of brain
perfusion. The two ways in which this is achieved are throm-
bolysis (it the patient meets criteria) and permissive hyperten-
ston (also called blood pressure autoregulation) or, in some
cazes, induced hypertension.

Thrembelysis in the Treatment of Acute Ischemic
Stroke

Thrombaolysis restores perfusion by aiding in the dissolu-
tion of ocelusive thrombus, Thromboylsis may be achieved by
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FIGURE 19-7 Contrast enhancement in subacute stroke,
Axlal postcontrast T1-weighted MRI demanstrating wedge-shaped
enhancement in the left MCA-PCA berderzone, consisient with sub-
agute Bchemic stroke;

ninistration of I'V tPA andfor by catheter-based techniques
(PA or clot retrieval) if patients present early
stroke: up 1o 3-4.5 hours from the time of symptom
IV A up o 6 hours for c..lll'll;tl.‘r-!"-.l.'--;.l I..-'-,"|1|1i;_!||g'x' in
circulation (longer durations from Lhe time of symip-
may: be considered in the posterior circulation). The

adn

fithin 3 hours. (The risk of hemorrhage (s much lower
st fraated tarith I'I‘_tul-\. ...i'-\.. .|..-|'...,d I..,
RS DREatad WLn [FA Wito Ene 1][|||1||.rL|:| ot fonnd o have
an ischemic stroke; 2., when migraine mimics stroke. )

Bevond presenting outside the time window, the main
contraindications to IV tPA administration for ischemic

stroke are those that would increase the risk of bleeding:
u-.tl.';ﬁxlj'l.:!!ﬂ.‘ [intrinsic or due to t|1..u'..'||_!|c|.:|1:.. ,'j:ﬂlfl_'l.J‘l_":!]J-
tion ), intracranial vascular malformation, prior intracerebral
hemorrhage, recent major surgery or trauna (within 14 days),
recent systemic (eg., gastrointestinal) hemorrhage (within
21 daws), recent stroke or head trauma (within 3 months),
and blood pressure >185/110 mm Hg (although 1PA can be
administered if blood pressure can be brought 1o and sus-
tained below this level with antihypertensive treatment).
Patients may be treated with IN 1PA beyond 3 hours up
10 4.5 hours after ischemic stroke onset unfess they are older
than 80 years old, have a prior history of stroke and diabe-
tes, are on an anticoagulant (even if INR [international nor-
malized ratio] is subtherapeutic), or if they have a very large
stroke (National Institutes of Health [NIH ]| stroke scale score
=25). Again, these are all factors that could increase the risk of
bleeding complications in the setting of tPA administration,

If a patient presents within & hours of sympiom onset in
the setting of ischemic stroke in the anterior circulation and has
evidence of a catheter-accessible vessel occlusion (e.g.. distal
internal carotid or proximal MCA), catheter-based therapies
may be considerad (intra-arterial tPA andfor clot retrieval)
even if 1V 1PA has already been given. The time window for
the posterior circulation is less well established: catheter-based
therapies may be considered up ta 12-24 hours alter onset of
stroke in the posterior circulation.

After recelving thrombalysis, patients must be monitored
closely for 24 hours for symptoms/signs of intracerchral hem-
orrhage. In patients with no such signs, a CT scan is generally
obtained 24 hours after IV tPA administration 1o evaluate for
any asymptomatic hemorrhage. No antiplatelet agents or anti-
coagulants are administered during the 24-hour period after
tPA administration, but may be administered after 24 hours il
there is no clinical or radielogic evidence of intracranial hem-
orrhage. Blood pressure is kept below 180/105 mm Hg alter
tPA administration Lo reduce risk of intracranial hemorrhage.

FPermissive Hypertension (BElood Pressure
Autoregulation) and Induced Hypertension in the
Treatment of Acute Ischemic Stroke

Patients with acute ischemic stroke are often hypertensive at
presentation, which may be a physiologic response 1o attempt to
restore/maintain perfusion of ischemic brain tissue through col-
faterals, For the first 24 hours after ischemic stroke, it is recom-
mended that the blood pressure be allowed 1o autoregulate for
this reason (permissive hypertension). Guidelines suggest allow-
ing autoregulation up to 220/ 120 mm Hg if thrombolytic therapy
is nol given, or up o 180105 mm Hg il thrombolysis is given, i
systemically tolerated. Therefore, ifa patient is taking oral antihy-
pertensive agents at the time of acute ischemic stroke, these are
generally withheld for the first 24 hours after stroke. After
24 hours, blood pressure is generally gradually lowered unless
there is evidence of clinieal worsening.

In some cases of large vessel occlusion (e, internal
carotid or proximal MCA), patients may be noted 1o have
worsening of their neurologic deficits at lower blood pres-
sures, and improvement at higher blood pressures. This may
accur with spontaneous fluctuation of blood pressure or with
a trial of raising the blood pressure with a bolus of IV fuids
when the blood pressure is lower than on initial presentation.
In such blood pressure-dependent patients, maintaining the
paticnt’s blood pressure above the threshold at which symp-
toms improve {e.g., with phenylephrine) may be beneficial
{Rordorf et al., 2001; Hillis et al., 2003).

Antiplatelets and Anticoagulants in the Treatment
of Acute Ischemic Stroke

All parients with acute ischemic stroke who do not receive 1PA
should receive aspirin within 48 hours. In paticnts who receive
tBA, aspirin is generally initiated 24 hours after this if there has
been no 1IPA-related hemorchage, The ST and CAST trials
demonstrated that aspirin administration within the first
48 hours after acute ischemic stroke reduced the risk of 2 second
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in-hospital stroke and increased survival 1o hospital discharge in
spite of a small increased risk of intracerebral hemorrhage (15T
trial, 1997; CAST trial, 1997; Chen et al,, 2000). Aspirin is also
an effective long-term secondary prevention medication (see
“Antiplatelet Agents for Secondary Stroke Prevention”™).
Although it was previously common practice to treal
acute ischemic stroke patients with intravenous heparin,
the IST trial suggested that risks of this treatment outweigh
the benefits. The only situation in which acute anticoagula-
tion is supported by data and guidelines at time of stroke is
when stroke is due 1o venous sinus thrombosis (see "Cere-
bral Venous Sinus Thrombosis and Cortical Vein Thrombo-
ios in which practitioners may treat acute

ischemic stroke with anticoagulation are listed below, but it
should be noted that many of these uses of anticoagulation for
acite stroke are debated by practitioners and in'the literature:
Acute basilar artery thrombosis
Artery-to-artery embolism from carotid stenosis while

awaiting carotid endarterectomy (there are some data 1o
support this from a subgroup analysis from the TOAST trial
[Adams et al., 1999])

Acute cervical artery dissection (carotid or vertebral); how-
ever, & large meta-analysis (Kennedy et al., 2012} and a sin-
ole small randomized controlled trial (CADISS trial, 2015)
suggest that there is no difference in outcome between
patients treated with antiplatelets vs anticoagulation (see
‘Secondary Stroke Prevention in Patients With Cervical
Artery Dissection” below),

Cardicembaolism fron atrial fibrillation, especially if the
stroke occurs in a patiemt with known atrial fibrillation
who has been off anticoagulation (e.g.. for a minor surgical
procedure) or s subtherapeutically anticoagulated. Flow-
ever, the risks and benefits of anticoagulation in the acute
setling remain unelear. A delay in initiating (or resuming)
anticoagulation is often considered if the stroke is moderate
in size or larger, given that the daily risk of ischemic stroke
from atrial Abrillation is felt to be less than the daily risk of
hemorrhagic conversion of the stroke (The daily stroke risk
in a patient with atrial fibrillation is roughly equivalent to the
yearly stroke risk associated with the patient’s CHADS2 score
divided by 365). Mote that guidelines for anticoagulation for
fong-term secondary stroke prevention in atrial fibrillation
are clear (see “Anticoagulation for Secondary Stroke Preven-
tion” below).

Surgical Interventions in the Treatment of Acute
Ischemic Stroke

In patients with large strokes of the cerebellum or large MCA
strokes, stroke-related cerebral edema can raise intracranial
pressire, which puts the patient at risk for herniation, Tn addi-
tion to hyperosmolar therapy (see “Hyperosmolar Therapy
in the Treatment of Acutely Elevated Intracranial Pressure”
in Chapter 25}, surgery to decompress the edematous brain
miay be considered. For patients with large cerebellar strokes.
suboccipital craniectomy is often performed and can lead 10

dramatic improvement, For patients with large MCA strokes,
decompressive hemicraniectomy (removal of a skall flap on
the side of the stroke o accommodate the swollen hemisphere)
within 48 hours after stroke onset can be lifesaving and may
improve outcomes (DECIMAL trial, 2007; DESTINY trial
2007 HAMLET rrial, 2009; DESTINY [I, 2014). However,
many patients will have their lives saved only to survive with
significant dizability (sce Ropper, 2004 for a cleverly titled edi-
torial on the subject, “Hemicraniectomy: To Halve or Halve
Mot”). Therefore, decisions about whether to pursue this mea-
sure in patients with large MCA strokes must be individualized.

Supportive management measures for patients with
ischemic stroke are discussed at the beginning of the chap-
ter (see "Overview of [schemic Stroke and Intracerebral
Hemorrhage™ above).

Evaluation for Etiology of Ischemic Stroke

Since the etiology of stroke most commaonly involves either
the intracranial vasculature, cervical vasculature, heart, and/
or the effects of common atherosclerotic risk factors on these
structures, the initial evaluation for stroke etiology assesses
each of these:

+ The patient should be screened for modifiable risk factors:
hypertension, diabetes (by serum glucose or hemoglobin
Ale), hyperlipidemia (by serum lipids), smoking, and/or
excessive aleohol use.

« The intracranial and cervical vasculature can be assessed
by MRA, CTA, or digital subtraction angiography. Time of
flight MEA (which uses a measure of blood flow rather than
contrast) may exaggerate the degree of stenosis compared
to CTA or carotid ultrasound (since decreased flow may
give the impression of decreased lumen caliber). IF MRA
and CTA are not available (or contraindicated), the carotid
arteries can be assessed with Doppler ultrazsound to look for
stenosis or dissection.

The heart should be evaluated by transthoracic echocardio-
gram o evaluate for thrombus, left atrial dilstation (which
may be associated with atrial fibrillation), and valvular
vegetation (although transesophageal echocardiogram is
more sensitive o assess for vegetation). Cardiac monitor-
ing should also be performed o look for atrial fibrillation.
If atrial Aibrillation is not ebserved with in-hospital moni-
toring and there is not another clear etiology of stroke, pro-
longed cardiae monitoring (30 days) should be performed.

If the etiology of the stroke remains unclear after the
above evaluation (cryptogenic stroke} or stroke occurs ina
young patient. an expanded stroke evaluation is often under-
taken, This may inclide:

* Bepeal prolonged cardiac monitoring to look for paroxys-
mal atrial Abeillation.

= Agitated saline (bubble) study during the echocardiogram
to look for patent foramen ovale (PEQ). If a PFO is found,
a search for tli.*.cp venous thrombosis is undertaken with
Doppler ulirasound of the lower extremities and MR
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venography (MRV) of the pelvis to evaluate for thrombaosis
of the pelvic veins {which may be caused by May-Thurner
syndrome: [liac vein thrombosis due to compression of the
left common flfac vein by the right common iliac artery).
Evaluation for a hypercoagulable state: antiphospholipid
antibodies (anti-cardiolipin antibodies. lupus anticoagu-
lant, beta-2 glvcoprotein antibody) and genetic mutations
{protein C or 5 deficiency, antithrombin [T deficiency,
factor V Leiden. prothrombin gene mutation). OF these,
only the antiphospholipid antibodies are associated with
both arterial and venous thromboembolism. The others are
primarily associated with venous thromboembaolism, and so0
could only potentially cause a stroke if a PFO or other shunt
between the venous and arterial circulations is present.
Screen for malignancy by positron emission tomography
(PET} scan or CT chestiabdomenfpelvis since malignancy
can lead 1o a hypercoagulable state.
Eumbar puncture to look for signs of an inflammatory or
infectiows etiology if vasculopathy is'suggesied on vascular
imaging (e.g., primary central nervous system [CNS] vascu-
litis, secondary vasculitis due to infection such as varicella
Zoster Virus).
» Transesophagesl echocardiogram to look for Infectious,
inflammatery, or neoplastic vabvular lesions, atrial clot, or

aortic atherosclerosis,

Y

Blood cultures it there is concemn for infectious endocarditis.

*

In-spite of the many potentially exotic causes of stroke
in the young, the most common causes remain the mundane

ones: vascular risk factors, archvihmia, and cervical artery

(e (LT

Secondary Prevention of Ischemic Stroke

Primary stroke prevention refers to modification of risk fac-

lors

L8]

prevent a first stroke. Secomdary stroke prevention

factors after sirake or TIA o reduce
Stroke secondany prevention

s A0 "|'|;_:-.|:!:. ing r.'_-\.i

risk of a subsequent stroke.

mieasures include the followi

» Hyperlipidemia should be controlled by diet. exercise, and

statin therapy.

Hyperiension should be contralled by diet, exercise, and if
necessary, antihvpertensive medications.

Blood sugar in diabetics should be controlled by diet. exer-
cise and if necessary, medications.

Patients should be alded in quitting smoking and reducing
excessive alcohol intake.

Patients should be on an aptiplateler agent (unless they
require anticoagulation; sce “Antiplatelet Agents for Sec-
ondary Stroke Prevention” and “Anticoagulation for Sec-
undar-:r Stroke Prevention™ below).

Patients with atrial fibrillation should be anticoagulated with
warfarin or a novel oral anticoagulant (apixaban, rivaroxaban,
dabigatran) unless there i a contraindication 1o anticoagula-
tion, in which case an antiplateler agent may be used.

L]

« Patienis with symplomatic moderate or severe caroftid ste-
nosis should be conzidered for intervention with carotid
endarterectomy or carolid artery stenting (se¢ "Second-
ary Stroke Prevention in Patfents With Carotid Artery
Stenosis” below].
Patients. with

anticoagulation.

hvpercoagulable states may require

Antiplatelet Agents for Secondary Stroke
Prevention

An antiplatelet agent is indicated for secondary ischemic stroke
prevention in all patients who have had a TIA or ischemic
stroke unless they are already receiving antithrombaotic ther-
apy with anticoagulation. The cholces are aspirin, clopidogrel,
and dipyridamole. Whether or not the dose of aspirin matters
s debated; some practilioners believe that some patients may
require higher doses ofaspirin than other patients for adequate
platelet inhibition. A number of studies have comparcd anti-
platelet agents alone and in combination. The combination of
dipyridamole and aspirin may be more effective for second-
ary stroke prevention than aspirin alone (EFSP2 trial, 1996
ESPRIT trial, 2006), but the side effect of headache, expense
compared 1o aspirin, and twice daily dosing have led to dipyri-
damole/aspirin being less commonly used than aspirin alone.

Aspirin and clopidogrel together are not more effective
thaneitheralone inlong-term secondary stroke prevention, and
bleeding risk is increased compared to cither alone (MATCH
trial, 2004; CHARISMA trial, 2006; 3P53 trial, 2012). However,
use of aspirin and clopidogrel together may have some benefit
when used in the short term for the first 3 weeks following TIA
or small ischemic stroke (CHANCE trial, 2013), although the
study population in the CHANCE irial was exclusively Asian,
so generalizability to non-Asian populations remains wncer-
tain and is under investigation. The other scenario in which
some practitioners utilize dual antiplatelet therapy for second-
ary stroke prevention i in symptomalic intracranial stenosis
based on results from the medical management group in the
SAMMPRIS trial (2014) (see “Secondary Stroke Prevention in
Patients With Intracramial Arterial Stenosis™ below).

In patients who have a TIA or stroke while already onan
antiplatelet agent, some practitioners change from one anti-
platelet 1o another or change the antiplatelet dose, although
there are no data to guide such decisions,

One review of the complex array of data on antiplatelet
agents for secondary stroke prevention sums up the topic
with ‘a tongue-in-cheek haiku expressing that being on an
antiplatelet agent is most important, but that it may matler
less which ane(s): "For stroke prevention, | use an antiplatelet
drug. / Treat hypertension” (Kent and Thaler, 2008),

Anticoagulation for Secondary Stroke Prevention

It arrial fibrillation is diagnosed, anticoagulation with warfarin
OF A t.ll:l'i'l.'l oral :Inli.n;q,mgul:““ :il|1|:"-i'||."€li'l. rivaroxaban, 11:13}11;.1-
tran) is indicated for secondary stroke prevention unless there is
a strong contraindication: in such patients an antiplatelet agent
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is used. Although anticoagulation for long-term secondary pre-
vention has been studied in a variety of other scenarios such as
noncardioembolic stroke (WARSS trial, 2000) and intracranial
arterial stenosis (WASID trial, 2005), no benefit has been seen
andd increased risk of hemarrhage has been observed. Other sce-
narios aside from atrial fibrillation in which anticoagualation for
secondary ischemic stroke prevention is often utilized include:

« Hypercoagulable states, whether genetic (e.g., protein C ar
5 deficiency, antithrombin 111 deficiency, factor V Leiden,
prothrombin s mutation) or acquired (e.g. antiphos-
pholipid antibodies, hypercoagulability of malignancy)

Low cardiac cjection fraction due to cardiomyopathy.
Although the WARCEF trial did not iind beneht of antico-

igulation fo nury stroke prevention in patients with low

¢jection [raction (WARCEF trial, 2012), anlticoagulation
be used ccondary stroke prevéntion after a siroke
s ina patient with a low ejection fraction.

Left ventricular thrombus,

Stroke due 1o venous sinus thrombosis (see “Cerebral Venous

Sinus Thrombosiz and Cortical Vein Thrombosis™ below).

Many praclitioners advocate waiting 2—4 weeks from the
time of an ischemic stroke before initialing anticoagulation if
the size of the stroke is moderate or large to decrease the risk
of hemorrhagic conversion of the ischemic stroke.

Secondary Stroke Prevention in Patients With
Carotid Artery Stenosis

Carotid stenosis may be treated by carotid endarterectomy or
carotid artery stenting to prevent further stroke in certain cir-
cumstances. Carotid stenosis is considered to be symiptomatic
if the stenosis is found ipsilateral to a stroke or a TIA in the
anterior cerebral artery (ACA) territory or middle cerebral
artery (MCA) territory (or posterior cerebralartery [PCA] ter-
ritory if there is a fetal PCA; see “Arterial Supply of the Cere-
bral Hemispheres™ in Chapter 7). If carotid stenosis is severe
(70%-99%) and symptomatic, carotid intervention reduces
the risk of subsequent stroke sufficiently to warrant the risks
of intervention. With moderate (50%-69%) symptomalic ste-
nosis, the initial trials showed a benefit of carotid intervention
in men but not women, although the benefit was less than for
severe stenosis. However, given advances in risk factor maodi-
fication since these trials were performed, managenent of
symptomatic moderate carotid stenosis is now debated. Mild
symptomatic stenosis (=50%) and carotid occlusion are not
considered indications for intervention (WASCET trial, 1991;
VACS trial, 1991; ECST trial, 1998; Rothwell et al., 2003).

If carotid stenosis is discovered incidentally with no prior
stroke or TIA referable to that carotid, it is considered to be
asymptomatic. Intervention is not recommended for mild
or moderate asymptomatic stenosis. Although there may be
beneiit to intervening in asymptomatic severe stenosis for pri-
mary stroke prevention, clinical trials addressing this (VACS
trial, 1993; ACAS trial 1995; ACST trial, 2004) were performed
before the advent of modern medical management {includ-
ing statins), so the benefit of intervention in this scenario is

now debated. Some practitioners recommend intervention
for asymptomatic carotid stenosis =800, but evaluate patients
with asymptomatic stenosis <80% with serial ultrasounds and
recommend intervention only if there is progression of ste-
nosis or the patient has a stroke or TIA (making the carotid
symptomatic). Another scenario inwhich an asvmptomatic
severe carotid stenosis may be intervened upon is in a patient
undergoing cardiac surgery to reduce the risk of perioperative
stroke, although this is also debated.

The choice between carotid endarterectomy and stenting
depends on patient-specific characteristics: endarterectomy
may be preferred for older patients, and stenting for younger
patients (CREST wrial, 2010). In patients in whom surgical risk
is high (e.g., severe cardiac dizease). stenting is often preferred.

Secondary Stroke Prevention in Patients With
Symptomatic Intracranial Arterial Stenosis
Although procedural intervention can be effective in patients
with symptomatic extracranial arterial disease, severe symp-
tomatic intracramial arterial stenosizs does not appear to
improve with procedural intervention. The SAMMPRIS trial
demonstrated that aggressive medical management (includ-
ing statins and dual antiplatelet therapy with aspirin and
clopidogrel) was superior 1o MCA stenting for secondary
stroke prevention in patients with symptomatic MCA stenosis
(SAMMPIRIS trial, 2014). Therefore, some practitioners utilize
dual antiplatelet therapy in patients with stroke or TIA due ta
intracranial arterial stenosis based on the results in the medi-
cal management group in this study.

The WASID trial demonstrated that there was no benefit—
and increased risk—of anticoagulation for intracranial stenosis
as compared to antiplatelet therapy (WASID trial, 2005),

Secondary Stroke Prevention in Patients With
Patent Foramen Ovale
In about 25% of the population, the foramen ovale that con-
nects the right and lefi atria in the fetal circulation fails to close
after birth. leaving a patent foramen ovale (PFO). Through this
conduit from the venous circulation to the arterial circulation, a
vemous clot can pass to the left heart and cause cerebral embolism
(paradoxical embaolus). A classic elinieal history for paradoxical
embolism is a stroke that occurs after the Valsalva maneuver
(e, straining during a bowel movement), since the Valsalva
nutnewver inereases right to left cardiae fow ifa PEO is present.
I patients with stroke of unknown etiology (crypto-
genic stroke), there is a higher prevalence of PEOQ. Therefore,
in patients with cryptogenic stroke, evaluation for a PFO with
agitated saline (bubble) study during the echocardisgram
should be considered. If a PFO is found, the patient should
be evaluated for a source of paradoxical embolism., The main
sites to evaluate for deep venaus thrombosis are the legs (with
Doppler ultrasound) and the pelvis (with MRV). If a venous
clotis discovered, anticoagulation is utilized and o search for
a cause of hypercoagulability is pursued, If no clot is discov-
ered ina patient with PEO and stroke, an antiplatelet agent is
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generally used for secondary stroke prevention. The question
of whether a PFO should be percutancously closed in patients
with stroke remains unresolved after three clinical trials
(CLOSURE | trial, 2012; Kitislos et al., 2013: PC trial. 2013;
RESPECT trial, 201 3} and is the subject of ongoing debate,

Secondary Stroke Prevention in Patients With
Cervical Artery Dissection

For secondary stroke prevention in patients with stroke or
TIA due to cervical artery dissection, antiplatelet agents and
anticoagulation appear to be equivalent in large meta-analyses
(Kennedy et al., 2002) and one small clinical trial (CADISS
trial, 20015} although appropriate therapy has been debated.
Stroke recurrence risk after dissection-related stroke is low
(19:=2% over the first 3-6 months), making it challenging to
perform an adequately powered trial. Most retrospective data
are for carotid dissection with very limited data for vertebral
artery dissection. Some practitioners avold anticoagulation if
a dissection extends intracranially due to risk of subarachnoid
hemorrhage if an intracranial dissection were to rupture, Oth-
ers-arpue that if there is no subarachnoid hemorrhage at the
time of diagnosis of dissection, it is unlikely to occur and so
anticoagulation may be sate (Metso et al, 2007). Treatment is
ed for 3-6 months with follow-up imaging
ation or persistent occlusion of the ves-

sel. Patbents who are anticoagulated are generally switched (o

ik )
penerallv maind
E

assess far s

ik

ter an initial period of anticoagulation;

uide appropriate prima

dat

¥ preven-
cal artery
neck pain;

palsies}, but have nol
d a stroke or TIA. Some studiss suggest that the risk

pement of patients who

dissection and present with local symptoms (e.g.

elop cerv

srndrome, cranial nerve 9-12

cse patientz'in the acute setting is quite high
1995); leading some praciitloners to use anti-
coagulation as primary prevéntion in the acute period if a
agnosed 1noa patient with local
promsanly (Le., nostroke or TIA ), although others utilize

cervical artery dissection is di
o
antiplalelet agents

A dissecting aneurysm (pseudoaneurysm) may develop
in & dissected vessel over time. but this inding generally does
not have any clinical significance with respect to outcome.

Rarer Causes of Ischemic Stroke:
Vasculopathies, Vasculitis, and Genetic
Disorders

Moyamoya

Moyamoya is the Japanese term for “puff of smoke,” which
refers to the angiographic appearance of a “cloud” of colla-
eral vessels that develop in response to stenosis of the distal
internal carotid artery, proximal MCA, and/or proximal ACA
unilaterally or bilaterally. Movamoya disease refers toan idio-
pathic (presumed genetic) etiology that usually presents in
childhood, whereas movamoya syndrome denotes that moy-
amoya physiology has developed in response to another cause
of vessel occlusion (e, prior radiation treatment, infectious

or inflammatory vasculitis, sickle cell disease, atherosclerosis)
or an associated underlying condition {e.g.. Down's syndrome
or a neurocutaneous syndrome such as neurofibromatosis).
Patients can present with T1A, ischemic stroke, or hemor-
rhage. TIA may be provoked by exertion or hyperventilation,
possibly due to a “steal” phienomenon from the stenosed ves-
sel and its collateral network. Diagnosis is made by angiogra-
phy (CTA, MRA, or digital subtraction m:g:iogr.-lph}r:l, which
demonstrates characteristic vessel occlusion and the “puff of
smoke” of the collateral network:.

Treatment of moyamoya can include surgical procedures
that directly or indirectly link the extracranial and intracranial
circulations to bypass the stenotic vessel in order to increase
blood flow to the affected hemisphere(s). Direct linkage of
the extracranial and intracranial circulations can be achieved
through extracranial-intracrantal (EC-1C) bypass: the super-
ficial temporal artery (a branch of the external carotid artery)
is connected to the MCA. Indirect linkage of the extracranial
and intracranial circulations can be achieved by placing the
superficial temporal artery in contact with the dura mater 1o
promote neovascularization (synangiosis).

Cerebral Vasculitis

CMS vasculitis can be primary (primary vasculitisfangiitis of
the central nervous system) or secondary. Secondary CH5
vasculllis cin be due 1o infection (eg.. varicella zoster virus,
Aspergillus, meningovascular syphilis, bacterial meningitis)
or due to systemic vasculitis (e.g., granulomaltosis with poly-
angiitis (formerly called Wegener's granulomatosis), Churg-
Strauss syndrome (also known as eosinophilic granulomatosis
with polyangiitis)). Glant cell arteritis (also known as temporal
arteritis), which classically presents with headache, visual loss,
scalp pain, and jaw claudication, can rarely present with vas-
culitis of the vertebral arteries leading to posterior circulation
\.I:I'nke.".

Primary CW5 vasculitis can only be diagnosed definitively
by brain biopsy. The symptoms and laboratory features of pri-
mary CNS vasculitis are all nonspecific: headache, subacute
cognitive decline, strokes, inflammatory cerebrospinal fluid
{C5F), andfor any of a number of diverse (and also nonspe-
cific) MRI findings (strokes, mass lesions, white matter hyper-
intensities, vessel irregularities, andfor contrast enhancing
lesion[s]). Headache and inflammatory CSF are so common
in the disorder that the diagnosis is unlikely i they are not
present, but both findings of course have broad differential
diagnoses.

Clinicians may latch onto a diagnosis of CNS vasculitis
when vascular irregularities are observed on MRA, CTA, or
conventional angiogram, but these radiologic abnormalities
only indicate the presence of a vasculopathy, which has a dif-
ferential diagnosis far broader than vasculitis (e.g., atheroscle-
rosis, reversible cerebral vasoconstriction syndrome (RCVS).
Since treaiment of primary CN5 vasculitis requires cyclo-
phus:l;lhi].n'bidl:, il this diﬂgnmis i% h:‘i:ﬂg ':U'I'I-ﬁid#."l’ﬂ:l, hin-psf
confirmation is essentinl 1o avoid unnecessary risks of this
medication without a definitive diagnosis.
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Susac Syndrome
susac syndrome 15 an autoimmune vasculopathy character-

ized by the triad of encephalopathy, branch retinal artery
acclusion, and semsorineural hearing loss. Lesions in the
central corpus callosum are characteristic, but additional
nonspecific white matter lesions are also common and may
lead to misdiagnosis of multiple sclerosis. CSF is typically
Patients may not present with all three ele
nts of the triad, but will most often develop them within

n patients in whom the diagnosis is sus
t all aspects of the triad are clinically present,
I, Nuorescein angiogram, audi-

subclinical evidence of other elements

itibodies have been described in
. Treatment is with immunomed-

CARC may e '.1||'-:'|-:|||||:|:~|-;_' OF rl;lilph:ll'lg.

ymphoma
imens of small and medium blood ves
1 disorder, but the presenting features
ue to strokes caused by lymphomatous

ravascular large B-cell E'.|:'||!|1.|,|||;._'| 15 a rare lymphoma that

velop

ls. It is a

ay be meurol

clusion af cer woid vessels, These are most commonly

nall vessel subcor

il strokes, Strokes may be clinically
pparent as acute-onset deficits, or the accumulation of small

ubclinical subcortical strokes may lead (o a'presentation with

ibacute cognitive decline. Any level of the nervous system
nay be involved, including myelopathy and neuropathy con
nt with or independent of brain involvement. Diagno-

i5 often requires biopsy of affected nervous system tissue,

U

although biopsy of skin lesions (if there is skin involvement)

ar random

Kin |'.-||'|:_1 2% My be di.‘l!.!_ul.l.\'l ic in some cases,
Ireatment is with combination chemotherapy including anti-

B-cell therapy with rituximab

Cerebral Autosomal Dominant Arteriopathy With
Subcortical Infarcts and Leukoencephalopathy
(CADASIL) and Cerebral Autosomal Recessive
Arteriopathy With Subcortical Infarcts and
Leukoencephalopathy (CARASIL)

Cerebral autosomal dominant arteriopathy with subcortical
infarcts and leukoencephalopathy (CADASIL) is an inherited
CMS vasculopathy that causes migraines, strokes, and pro-
gressive neuropsychintric dysfunction leading to. dementia,
MRI in CADASIL demonstrates a subcortical leukoenceph-
alopathy (confluent T2/FLAIR hyperintensity in the white
matter) with characteristic extension into the white matter of
the anterior temporal lobes (Fig. 19-8) (this region can also
be similarly affected in myotonic dvstrophy; see “Myotonic
Dystrophy” in Chapter 30). Diagnosis of CADSIL is made by
genetic testing (mutation of the NOTCHZ gene on chromo-
some 19) or skin blopsy to evaluate blood vessels in the skin.
There is no definitively proven stroke-prevention strategy,
.1]1"2'."1:!:'5 any coexisting vascular risk factors for stroke should
be well controlled, and many patients are given aspirin.

A recessive and much less common form of the disor-
der (CARASIL) is caused by mutation in the HTRAI gene on
chromosome 10, It is similar in clinical and radiologic: pre-
sentation o CADASIL, but affected patients additionally have
premature alopecia and lumbar spondylosis.

Mitochondrial Encephalopathy With Lactic
Acidosis and Strokelike Episodes (MELAS)

fatients with mitochondrial encephalopathy with lactic acido-
sis and stroke-like episodes (MELAS) may present with tran-
S1enk :'IIE'I_IrI.:IiL!IE!ii.' SI:’-:l'r.'l.,:-”kr L";'li\I.JLE\,'}, |_,:-L;|'|1,'r:kt|.'_.' lh:t.l.'u{' e 4L,
On nearoimaging, the stroke-like episodes in MELAS cause
signal changes that are typically isolated to the cortex and
do not conform o individual vascular territories. Accumula-
tion of cerebral damage due to stroke-like episodes leads to

FIGURE 19-8 MRIin CADASIL. Axial FLAIR MRl demonstrating diffuse, confluent subcortical TZ/FLAIR hyperintensity (A extending into

the anterior tempoaral lobes (B).
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encephalopathy. Migraines and seizures are common, Patients
repically have other featiires of mitochondrial discase including
short stature, deafness, myopathy., and lactic acidosis.
MELAS iz assoctated with mitochondrial mutation A3

Agute strokelike episodes may resolve with administration of

AL

Fin

L-arginine, and prophvlactic administration may reduce the fre

i, 204005

guency of stroke-like episodes (Koga
Long-term Sequelae of Ischemic Stroke:
Recrudescence, Seizures, and Cognitive
Impairment

Recrudescence

I

Rence of resolved deficits or worse

et
i SENOkE

ientzwhe

have hadaj v presentwith reemer

of baseline dencils in

the setting of infection or other svstemic illness, a' phen

&

non known as recrudescence. Any patient with a prior stroke
it Tis I i stroke is
Hieranta However
al uniikely 1o Vi in the exacl Lame

thrombosis or cortical vein thrombosis), but are more ¢om-
mion in the setting of acute intracerebral hemorrhage.

Post-stroke Cognitive Impairment

Cerebrovascular disease can affect \,'-:I!_:Hirii,'ﬂ: due b0 stroke{s)
in regions such as the hippocampus, thalamus, or frontal
lobefs), and/or can cause progressive l\:l.'lé::'litl'l'L' :i|11|'-.1irm1:rtl:
due to accumulation of chronic subcortical ischemic disease

{see “Vascular Dementia” in Chapter 23).

INTRACEREBRAL HEMORRHA

Intracerebral hemaorrk
¢ deficits, as does acute ischemic stroke. Com-
VSO

= (ICH) presents wilh st den-ansel

al newrol

red to ischemic stroke, however ICH is more ofi

panied by one or more of the following clinic
) £

{Runchey and McGee, 2010)

» Headache
. MNausea '.'|‘-.".'||IIII:__:
+ Depressed level of consciousness at onset (due o displace-

ment of brain tissue by the hematoma andfor intraventricu

lar extension of hemorrhage)
« Extreme hypertension {diastolic pressure >110 mm Hg)
o SEIEUTES al prescntation

Any of these hindings can also occur in the setting of

15 and so definitive diagnosis requires CT. On
L8] | o is hiyperdense and visible at presentation
(F

19-9% this is in contrast o acute ischemic stroke, in

may be normal at presentation (see "Neuro-
ging im Acute lschemic Stroke” above). Vascular imaging
JETA or MEA) should be performed to assess for a vas-

ar malformation that may :'1.‘I.Il.1i='l." F.!H'gi.L'.'lI intervention,

FIGURE 19-9 Intracerebral hemorrhage. Axial noncontrast CT images f"j'"'—""‘ strating thalamic hemorrhage consistent with hyportensiva
hemorehage (AL and occipital lobar hémorthage consistent with cerebral amyloid angiopathy-refated hemorhage (),



CHAPTER 19 Vascular Discases of the Brain and Spinal Cord 193

RE 19=1 Spot sign in intracerebral hemorrhage. Axial

pasteontrast CT demonstrali ng puncia te focus of enhancement
within an intraparenchymal hemarrhage.

I one or maore spots of contrast is seen in the hematoma
spotsign),

this is associated with a higher risk of hematoma
expansion (Goldsteiniet al., 2007) (Fig, 19-10).

Acute Management of Intracerebral
Hemorrhage

ICH expansion occurs most commonly in the first 24 hours,
and within that period, most commonly within the first
6 hours. Acute management of ICH @5 geared toward preven-
tion of hematoma expansion by lowering the blood pressure
and reversing any coagulopathy if present -[‘"'. warlarin
should be reversed with vitamin K and administration of
fresh frozen plasma or prothrombin complex concentrate;
heparin should be reversed with protamine). The degree (o
which blood pressure should be lowered remains unclear: it
appears to be safe to lower systolic blood pressure as low as
140 mm Hg (INTERACT2 trial, 20103), but it remains uncer-
tain whether lowering bleod pressure that much improves
outcomes as opposed to only lowering systolic blood pres-
sure to less than 180 mm Hg. Intravenous antihypertensive
infusion (typically with nicardiping) guided by intra-arterial
blood pressure monitoring is ofien necessary.

Patients with acute ICH must be monitored closely in an
intensive care unit setting with CT scan repeated forany change
in peurologic examination. CT scans are 1}';"i-;.'-.'|||':.' repeated
6 lours after the initial scan and then at 24 howrs w ook for any
evolution in the [CH. Electoencephalography (EEG) should be

considered to evaluate for noncenvulsive sefzures in patients
whose examination appears to be worse than would be expected
for the location andfor extent of hemorrhage, although tha.
lamic and intraventricular hemorrhages can lead to fuctua-
tions in level of consciousness without causing seizures,

In patients with large cerebellar ICH (>3 cm), surgi-
cal evacuation of the hematoma can be lifesaving. Although
supratentorial hematoma evacuation does not appear o
improve overall outcomes, it may be considercd in paticnts
with ICH dose to the cortical surface (STICH trial, 2005;
STICH 2 trial, 2013) or ICH that expands with mapid clinical
detertoration in patients with a reasonable chance of recovery.

General supportive measures for ICH are discussed in the
beginning of the chapter (see "Overview of Izchemic Stroke and
Intracerchral Hemorrhage™ above), and are similar to those for
ischemic stroke, except that pharmacologic DV'T prophylaxis is
generally not initiated until 24-48 hours after ICH (pneumatic
compression stockings should be utilized until that point).

Etiologies of Intracerebral Hemorrhage

The causes of ICH include:

« Chronic hypertension. Hypertensive hemorrhage has a
predilection for the deep brain structures (basal ganglia,
thalamus, and deep subcortical white matter), the anterior
pons, and the cerebellum. These are sites of perforating
visssels that appear particularly susceptible to damage due
to chronic hypertension. Lobar hemorrhage may also be
caused by hypertension.

Cerebral amyloid angiopathy (CAA): CAA-related hemor-
thages are most commonly lobar (see “Cerebral Amyloid
Angiopathy” below]).

Head trauma.

[

Coagulopathy (inherited, acquired, or due to anticoagulant
use) or thrombocytopenia (e.g., disseminated intravascular
coagulation |DIC]. thrombaotic thromboeytapenia purpura
[TTE], acute leukemia).

Rupture of a vascular malformation (e.g.. aneurysm; arte-
riovenous malformation, cavernous malformation).

Hemorrhage into an'ischemic stroke (hemorrhagic conver-
sion), which iz more common with embolic strokes, septic
embaoli in endocarditis, and stroke in the FCA territory.

Cerebral venous sinus thrombosis (gee "Cerebral Venous
Sinus Thrombosis and Cortical ¥Vein Thrombosis™ below).

Cocaine (due to acute hypertension).

Hemorrhagic cerebral metastases. The metastatic tumors
reported o be most susceptible to hemorthage are mela-
noma, renal cell carcinoma, thyroid cancer, and chorio-
carcinoma. However, since lung metastases are far more
common than any of these, the most commaon henmrrhasic
brain metastases are due to lung cancer. Since acute blood
muy ke the radiologic detection of an underlying mass
alifhicult, contrast-enhanced CT or MBI may be repeated
several months after ICH if there is suspicion for an under-
lying mass,
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Cerebral Amyloid Angiopathy
The same amylold protein that accumulates in the brain in
Alrheimer’s disease can accumulate in cerebral blood vessels, a
condition known as cerebral amyloid angiopathy (CAAL CAA
may coexist with Alzheimer’s disease, but the two can ocour
independently. Like Alzheimer's, CAA is predominantly a dis-
ease of the elderly. Amyloid deposition in blood vessels leads to
increased risk of intracerebral hemorrhage, CAA-related ICH is
miost commonly jusscortical lobar hemorrhage (as compared
to the deep hemorrhages that occur with hypertension). In
CAA-related ICH, additional asymptomatic lobar microhemior-
rhages are often noted on gradient echo (GRE) and susceptibil-
ity-weighted [SWI) MRI sequences with a predilection for the
grav-white junction of the oecipital lobes (Fig. 19-11). Convexal
subarachnoid hemorrhage (i, in the sulci) can also ocour, lead-
ing to superficial siderosis (see “Superficial Siderosis™ below).
Risk of CAA-related hemorrhage is increased in' patients with

the e and £2 alleles of the APOE gene.
Although the diagnosis of CAA is often made when
elderly patients have a lobar ICH, some patients may pres-
ent with amvloid spells. These zpells are transient episodes

of focal sensory or motor deficits believed to be related 1o

the differential lJiul.:__ll'l.'.':"i.'\- for TIA and seizure in older patients,

especially il the MREF d

emonsirates :|:1‘.rnh-.':11:-:'!h.|__|.1._'a SR

1 be considered in patients
another clear cause of

4 and is especially likely in

possible CAA

ICH (considered f

FIGURE 79-117 MRiin cerabral amyloid angiopathy. Axial
GRE MRI demonstrating multiple microhemorthages at the gray-
white junction, predominantly in the occipital lobes,

that setting if there are additional lobar microhemorrhages
limited 1o the cortexfjuxtacortical regions on GRESWI
sequences (considered “probable CAA”"; definite diagnosis
requires histologic diagnosis) (Knudsen et al., 2001). Patients
with ICH dite to CAA are at high risk for recurrent 1CH.
Some practitioners recommend avoidance of anticoagulation
in such patients (though a patient with CAA-related 1CH and
a mechanical valve may be an exception to this recommen-
dation}, and recommend using antiplatelets only if there isa
strong indication (Eckman et al., 2003)

A rare variant of CAA is CAA-related inflammation.
In this condition, patients present with subacute cognis
tive decline andior seizure, and imaging reveals asymmetric
inflammatory lesions (T2/FLAIR hyperintensities) and mul-
tiple microhemorrhages (Fig. 19-12). Cerebrospinal fluid
may be inflammatory and marked elinical improvement with
steroids may be observed. The clinical course may be mono-
phasic. relapsing, or progressive,

Resuming Anticoagulation After
Anticoagulation-Associated Intracerebral
Hemorrhage

In patients with anticoagulant-associmted hemorrhage, the
quiestion often arises as to ifand when o reinitiate anticoagula-
tion. This is a scenario for which there are no randomized con-
trofled trial data, and requires a careful balance of the perceived
benefit of anticoagulation weighed against the perceived risk of
anticoagulation. The highest risk scenario for being off of anti-
coagulation is in patlents with a mechanical prosthetic cardiac
valve in the mitral position, and so anticoagulation is often rein-
itiated within days after ICH in patients with mechanical valves.

Management of pulmonary embolism and other systemic
thrombosis (e.g. DVT, limb ischemia) in patients with recent
ICH depends on how long it has been since the ICH, the risk
i the other organs of not anticoagulating (e.g.. has pulmo-
nary embolism led to right heart strain?), and whether other
potential interventions for thrombosis aside from systemic
anticoagulation could be performed (e.g., can inferior vena
citval filter be placed in the case of DVT? Can a local procedure
such as thrombectomy or local anticoagulant infusion be per-
formed for limb ischemia?)

Although atrial ibrillation substantially elevates the risk
for ischemic stroke, it has a relatively low daily risk of isch-
emic stroke (the percentage siroke risk per year associated
with the patient’s CHADS2 score divided by 365). Therefore.
alter an 1CH in a patient with atrial fibrillation, anticoagula-
tion is often held for several weeks, With respect to the risks
of anticoagulation from the ICH perspective, one decision
analysis suggests that the risk of ICH recurrence after lobar
CAA-related hemorrhage with anticoagulation outweighs the
benefits of stroke prevention in the selling of atrial fibrillation,
whereas the risk of 1CH recurrence afier deep/hypertensive
hemorrhage may be outweighed by the benefit of anticoagula-
tion in patients with a high risk of recurrent ischemic stroke
(i.e., high CHADS2 score) (Eckman et al., 2003),
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MRl in cerebral am‘rlo id a.ng.lo palhy-relatnd imflammation. A: FLAIR MRl demonstrating asymmaetnc subcortical

THFLAIR hyperintensit

All such decisions must take each individual patient's clinical
scenarto into account from both the ICH E"'L‘fh-l‘i.'c'll\'t' (Le., lobar
w deep, time since [CH) and the thrombosis perspective (i.e,,

differing risks of nof anticoagulating in the setting of mechanical

T, pulmonary embolism, atrial fibrillation).

‘ENTRAL NERVOUS SYSTEM VASCULAR

CMS vascular malformations are abnormal collections of blood
vessels that can present with hemorrhage, seizure, and/or focal
defigits, or may be discovered incidentally if neuroimaging is
abtained foranotherindication. Diagnosis ofthe type of vascular

B: GRE MRI demonstrating diffuse lobar microhemorrhages

malformation can often be made by radiologic charactensics
(Table 19-3, Figs, 19-13, 19-14, 19-15). In patients with ICH
without a clear etiology (i.c., not clearly due to hypertension,
anticoagulant use, probable CAA) and no clear vascular lesion
on CTA or MRA, digital subtraction angiography should be
performed to evaluate for a vascular malformation.

Arteriovenous malformations (AN Ms) are the vascular
malformations most likely to cause ICH and are the best stud-
ied with respect to the risk of ICH. Risk factors for hemor-
rhage due to an AVM include prior ICH, deep location, and
deep venous drainage. Treatment can include surgical exci-
sion or radiation therapy when sympromatic or thought to be
at high risk for hemaorrhage,

TAEBLE 19=2 Features of Central Nervous System Vascular Malformations.

Developmental Venous

Anomaly (DVA} Cavernous Malformation Arterlovenois Malformation (AVM]
Vaseular struetures Veins Capillaries Arteriovenous (no capllianies)
Intervening brain tissue Yes, nommal Na Yes, abnoimal
Hemarrhage risk Less tham 13/ yvear 106-Faulyvear Abatit 3vear, but depends on

Clinical Usuably Benign incidental Anding

Identified on post-contrast
imadges o in venous phase of
anglography

Imaging

Can b incicdental but may couse
hemanthage, seizure, focal deficits

“Popcomn” appearance on T2 ME]

wanious factors (see text)

Risk of hemorrhage, selzure, focal
deficits

“Tangle® of vessels on anglography

Usually not visualized on

angiography

Abdioviation: MEL MEGHOLIC fe1onande iImaging
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f 19=13 Davelopmental venoui anomaly. Coranal
postcontrast MRI demonstrating developmental venous anomaly of
the infetior i left ellum [arrow). Reproduced with permis-
L Rligin J: Adams and Vicior s Principles

k: MoGraw-Hill Education: 2014

FIGURE 19-14 cCaverncus malformation. Axial T2-weighted
MRI demansirating “popcom” appearance of a right temporal cavém-
o malformation.

FIGURE 12-15 Arteriovenous malformation. Corenal CT
angiogram demonstrating arteriovenous malformation asising fram
the vertebrobasilar system.

SUBARACHNOID HEMORRHAGE

Subarachnoid hemorrhage (SAH) can be caused by:

« Aneurysm rupture or bleeding from other types of vascular
malformations

» Head trauma

« Venous sinus thrombosis or cortical vein thrombuosis

« Reversible cerebral vasoconstriction syndrome (RCVS)
« Cerebral amyloid angiopathy (CAA)

SAH inone or a few adjacent sulci (convexal SAH) is sug-
gestive of trauma, cortical vein thrombosis, reversible cerebral
vasoconstriction syndrome (RCVS), or CAA as an etiology
(Fig. 19-16A).

SAH in the basal cisterns and/or more widely distributed
is concerning for ancurysm rupture unless there iz a clear his-
tory of trauma (Fig, 19-168).

Aneurysmal Subarachnoid Hemorrhage

SAH due to rupture of an intracranial aneurysm leads to death
in about hall of patients, with a significant percentage dying
before they reach the emergency room. Patients present with
an acute-onsel headache that is maximal at anset (thunderclap
headache). classically thie "worst of their life.” Headache can
be isolated or may be accompanied by meningismus, nauseal
vomiting, cranial nerve palsies, altered consciousness (from
confusion 1o comal, and/or seizurcs. Some patients report a
prior severe "sentined headache” in the preceding weeks.
Dingnosis is generally made by noncontrast CT' sean,
which is extremely sensitive within the first day after symp-
tom onsel, bt sensitivity decreases with time from the initial
hemorrhage and with: smaller hemorrhage volumes. IF CT is
negative and suspicion is high, lambar puncture should be
performied to evaluate for blood products. SAH must be dif-
ferentiated from blood in the CSF due 1o traumatic lumbar
punctune, CsF ﬁl.‘lding.s suggestive of SAH are the persistence
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Subarachnoid h'mnnhage. Axial noncontrast CT images demonstrating: A: Convexal (sulcal) subarachnokd bemor

he right frontal lo

tient with a ruptured

ankal aneurysm

o o similar quantity of red blood cells over several tubes and
santhochromia. Xanthochromia refers to a change in C5F

dlor (most sensitively detected by spect mpEu'rlu:uu-.ﬂ:‘g.'} Sigeii-
blood breakdown in the CSF, demaonstrating that blood
as been in the CSF for longer than the time of lumbar g
ure, If suspicion for SAH remains high despite normal CT

vl mormal or equivecal lumbar puncture results, angiogra-
phy should be performed. If there is CT or lumbar puncture
evidence of SAH but angiography is unrevealing, angiography
is generally repeated after 1-2 weeks. Although the sensitivity
of CTA continues to improve, digital subtraction angiogra-
phy remains the gold standard for diagnosis of intracranial
ANEUTYSmS,

Prevention and Management of Neurologic
Complications of Subarachnoid Hemorrhage
{Table 19-4)
Patients with aneurysmal SAH should be monitored in an
ICL setting for complications of SAH due ta ruptured aneu-
rysim. Mewrologic complications include rebleeding, seizures,
|1f.'|.i|i|{1,'ph;,'|||_|5 {due 1o E1]|;1|;_"|.;,;|Ec of C5F low E:l'!,' subarachnoid
bload), vasospasm (due to irritation of the blood vessels by
subarachnoid blood), and delayed cerebral ischemia.
Definitive treatment of a bleeding aneurysm to prevent
reblecding is with surgical clipping or endovascular therapy.
If surgical intervention must be delayed for more than 2-3
days, aminocaproic ackd may be administered in this period
to reduce the risk of rebleeding, If the patient is on an anti-
plateler or anticoagulant, this showld be held and AN LoagE
lants shouwld be reversed as in patients with ICH. Until’ the

» ina patient with reversible cerebral vasoconstriction syndrome. B: Diffuse cisternal subarachnoid hemotrhage in a

aneurysm is secured, blood pressure should: be controlled to
reduce rebleeding risk, but the precise blood pressure goal has
not been clearly established. Afier an aneurysm s secured.
blood pressure is generally allowed to autoregulate to prevent
hypoperiusion and/or vasospasm

If seizures occur in the setting of SAH, they should of
course be treated. Some practitioners administer prophylactic

TABLE 19-4 Prevention and Management
of Neurclogic Complications of Subarachnoid
Hemorrhage.

Complication Prevention Treatment
Rebleeding Surgicalfendevascular
intervention
Aminocaproic acid if
ANELUrYRM cannat be
secured immediately
Blood pressure control
Hydrocephalus Extraventricular
deain
Vasospasm Nimedipine Augmentation of
Bload valumes
pressune
Intra-artertal
therapies
Selrures Antiepileptic druig Antiepileptic diug
prophylawis can be i seimures ocour

consichered {chebated)
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antiepileptics 1o prevent seizures, although this practice is
debated in |,'|.!liu‘:l:":‘.r- who have not had seizures.

If hvdrocephalus is present, an external ventricular drain
{EVI) s ||‘-'.J.'.|.|.'!. placed

Vazospasm ustially occurs beétween 3 days and 1 week
after SAH. Nimodipine (2 calcium channel blocker) is admin
istered to prevent vasospasm. Vasospasm may manifestas new
focal deficits, and can be screened for by transcranial Doppler
ultrasound (TCDY TCD mav reveal decreased llow velocily
due to vasospastic arterial narrowing before clinical signs of
ischemia appear. Vasospasm can be treated by increased intra
vascular volume repletion and vasopressors. If these measures
are inadequate, catheter-based therapies (balloon angioplasty

ors) may be indicated.

or intra-arterial vasodil
NON-NEUnRHogic compiications of SAH include hy po-
natremia (due

] w!.'f'll:_'i|l'\-.:'!'!-.' (1§ :|I.iF'|_:'||il|>r.'.:|\' secrelion ol

aretic hormone [SIADH] and/or cerebral salt wasting),

anfid

cardigcarrnvihmias. heart failure, and neurogenic pulmonary

al1ons- al 2

edema. € are likely
due to the ¢ induced by cerebral injury. Sup
yriive m ce of euglveemin, euther

T vention of VT, For PV
; e} £ 1% penerally utihized until

—— 2 !
L L 2dll 1 Wl ' ||= iy
:'\.'-.

{ TELLT 1

Unruptured Intracranial Aneurysms

Screening  for  intracranial aneurysms in asymptomatic
patients is generally only undertaken in patients with: two
O MOre I:i.::il-dual,rw relatives with ANEUrysms, but is some-
times also considered in patients with a penetic predisposition
to aneurysms (e.g., polyoystic kidney discase, Ehlers-Danlos
syndrome). Such patients are generally screened every 5 years
with MRA or CTA.

With increasing use of MEL/MEA, incidental aneurysms
are identified with increazing frequency. Risk of rupture is
lowest with aneurysms <7 mm, and treatment of aneurysm
carries substantial perioperative risk, so small incidental ancu-

rysms are generally followed with serial ima & months

and then yearly to evaluate for any growth, If growth is seen,
intervention may be considered. Smoking, hypertension, and
use of cocaine can all increase risk of rupture, so these modifi-
able risk factors must be addressed if present.

In patients with unruptured aneurysms, the question

aften arises as to whether antiplatelets and anticoagulants are
safe. Although these medications are unlikely to increase the
risk of rupture, if rupture were o occur, resulting SAH could
be worsened. In general, aspirin is considered safe. but antico-
agulation requires a careful assessment of the risks and ben-
efits of use in cach individual patient. For example, accepting
the risk of the use of anticoagulants may be unavoidable with a
mechanical heart valve or large pulmonary embolism, but risk
stratification by CHADS2 score in patients with atrial fibrilla-
tion may lead (o a more complex analysis of risk and bencht

depending on the size and location of the aneurysm.

INTRAVENTRICULAR HEMORRHAGE

Intraventricular hemorrhage (IVH) can occur as a complica-
tion of ICH or SAH, or it can occur in isolation {Flg. |';.i'—]ﬂ-}.
[he differential diagnosis for the etiology of 1V H is similar to

EIGURE 19-17 Perimesencephalic subarachnoid hemorrhage. Axial [A) and sagittal (B) noncontrast CTimages demanstrating sub-

arachnoid hemorrhage isclated 1o the region anterior to the Brainstem.
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ventricular hemorrhage. Coronal nan-
al hemar

emispheric intraparenchyr

left lateral ventricle and third ventricle

Hand 5AH: coagulopathy, trauma; |‘=||.'L'|.i|i|1:._'.:ll'l:'l]11 A vascu
mallormation or ancurysm, and extension (rom [CH. Due

' blockage of CSF flow, IVH typically presents with symp
loms of ¢levated intracranial pressure: headache, mauseaf
niting, and altered level of consciousness. Blood pressure
ould be controlled and coagulopathy reversed if pres-
nt, just a5 in ICH. Placement of an extraventricular drain
Y[3) is often necessary due to development of hydrocepha-
Some patients may ultimately need ventriculoperitoneal

shunting for persistent impaired C5F resorption due to
blood in the ventricular syslem. The use of intraventricular
administration of tPA {o lyse intraventricular clot is under
imvestigation.

SUBDURAL HEMATOMA

Subdural hematoma (SDH) occurs due to tearing of bridging
veins that run between the brain and the dura. Head trawma

iz the most common cause of acute SDDH. In older adults with
brain atrophy (leading to greater tension on the bridging
veins) orin patients on :'||'||.I|.'1r.l:._'_lI|.l|.i11II. the trauma NeCessary
to cause SDH may be so minoer that it cannot be recalled by
the patient

Unlike mosi cerebrovascular conditions that develop

suddenly, SDH may also develop more insidiously (chronic
SDH) after minor trauma (e.g., in patients whao are elderly
andlor on ;|.||l:n_'-e|.|.a._'.|.:|'|.|.!u|||:l or in the ‘-I.'[I.ill": of iniracranial
hypotension (see “Decreased Intracranial Pressure (Intra-
cranial Hypotension)™ in Chapter 25), Chronic SDH can
present with subacute headache, alterations in conscious-
ness, fiocal deficits, and/for seizures. Some patients have fluc-
tuating symptoms found ultimately to be due to seizures by
EEG monitoring, but in some patients, these fluctuations
have no electrographic correlate and may be doeto fluctua-
tions in mass effect from the SDH.

Acute SDH APPEeArs 2% a crescent -shia pl.-l,l .||E|'pl."'l'\,|'|.'ll..‘ii|.'!.' 1]
CT (blood filling the space between the dura and the brain)
(Fig. 19=19A). With chronic SDH, there may be ditferent
radiographic densities in the subdural space due to blood
:u'a’uhlq.'[.ﬁ ﬂf L !.'1|:5_; '.'l!_'.::s L-.-|'|rl_1'.'|||_ HUE! Ll d\_"\"ﬂ.“lil"‘ into a

FIGURE 19-19 subdural and epidural hematema. Axial noncontrast CT images demenstrating: A: Right-sided subdural hermatama

[*erescent” shaped). B: Right-sided epidural hematoma [Mlens” shaped).
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hygroma, a fluid collection without obvious blood products
in the subdiral space
The decision of whether to surgically drain an acute trau-
matic SDH depends on the size of the 5DH and the degree of
resultant midline shifi. as well as the clinical state of the patient
(Glasgow Coma Scale [GCS) and pupil symmetry). Pupillary
asymmetry or a decline in GCS by 2 or more points from the
time of trauma to the tinme of evaluation ina patient with SDH
are generally indications for surgery no matter what the size
of the SDH. An acute SDH of 10 mm or more or with 5 mm
ar more of SDH-induced midline shift is generally considered
an indication for surgical drainage irrespective of newrologic
examination findings. Size of SDH and clinical state are also
used to determine candidates for surgical drainage in patients
with chronic SDH.

EPIDURAL HEMATOMA

Epidural hematoma (EDH] is almost alwavs caused by head
trauma. Normally, the dura is fixed to the skull with no true
epidural “space.” This iz in contrast (o the subdural space,
which is a trie space between the brain and the dura. Head
trauma leading to damage to the middle meningeal artery is
the most common etiology of EDH. As arterial blood accu-
nies, it "dissects” the dura away from the skull, lead

1 4 lens-shaped collection of blood on neurcimaging
=-198). It 1
Slucid interval

consciousness that occurs In some-patients with EDH:

1av be this pathophysiology that accounts

between head trauma and decline

1in volume/pressure 1o
o the skull, and when
mi rapidly expands, raising intracranial

this luchd interva
h EIdYH

Similar to S, sizeof the EDH and clinical state deter-

is pot alwave prescnt

mine which pat
min (B

Surgical evacuation i generally necessary for EDH =30 mL
regardless of climical state, or EDH swith coma (GCS <9) or

wents require urgent operative dr.uui::._;q_-_

peapul ESVITHNCLTY,

CEREBRAL VENOUS SINUS
THROMEBOSIS AND CORTICAL VEIN
THROMBOSIS

Venous sinus thrombosis (VST) should be considered in
paticnts with unexplained progressive headache, especially if
SYMPLOMS Or Signs of elevated intracranial pressure are pres-
ent (&g, natsea, voniting. headache worse when supine, pap-
illedema, sixth nerve palsy/palsies [see "Symptoms and Signs
of Increased Intracranial Pressure” in Chapter 25]), although
patients may present with isolated headache. Patients may
also present with seizures, ischemic stroke, ICH, or SAH.
Diagnosis of V5T is made definitively by demonstrat-
ing venous occlusion on dedicated venous imaging (MRV or

CTV: Fig. 19-20), but should be suspected on nonvascular
noncontrast CT or MR in the following scenarios:

« Diffuse cerebral edema without trauma

« ICH that is parasagittal (caused by thrombosis of the supe-
rior sagittal sinus), bithalamic {caused by thrombosis of
the internal cerebral veins), temporo-occipital (caused by
transverse sinus thrombosis), or juxtacortical (caused by
cortical vein thrombosis)

ICH with edema out of proportion to the size of the
hemorrhage

Convexal SAH (i.e., in the cerebral convexities; also called
sulcal SAH)

Thrombosed cortical vein (hyperdensity on CT or clot seen
on GRESWI MRI sequences)

Hyperdensity over one of the sinuses on noncontrast €T
{cord sign)

Lack of flow in the posterior superior sagittal sinus on
contrasi-enhanced CT {empty delta sign)

L]

MRV and CTV can reveal thrombosed venous sinuses,
but irregularity of the sinuses due to normal structures can be
misleading (e.g.. arachnoid granulations, asymmetries due o
unilateral transverse sinus hypoplasia). When in doult, con-
trast-enhanced MRI can be used 1o look for filling defects in
the venous sinuses,

VST can be caused by CNS or sinus infection, or any eli-
ology of a hypercoagulable state including:

« Oral contraceptive use
« Pregnancyfperipartum period

Svstemic malignancy

Svatemic inflammatory disease (e.g., inflammatory bowel
discase, lupus)

Genetic hypercoagulable state (factor V' Leiden, prothrom-
bin gene mutation, protein C deficiency, protein S defi-
ciency, antithrombin 11 deficiency)

Antiphospholipid amibody syndrome

Nephrotic syndrome

Dehydration

L]

Treatment is with anticoagulation. Anticoagulation is
thought to be safe and effective even if there is ICH second-
ary to V5T, If patients worsen in spite of anticoagulation,
endovascular interventions can be considered. although data
are limited. In cases of extensive thrombosis with elevated
intracranial pressure, management of intracranial pressure
is required (see “Treatment of Acutely Elevated Intracranial
Pressure” in Chapter 25).

An evaluation for a hypercoagulable state should be
undertaken in all patients with VST unless there is another
clear ongoing underlying trigger (e.g., mal ignancy) that would
warrant life-long anticoagulation whether a specific hyper-
coagulable abnormality is found or not. It should be noted
that some of the components of the hypercoagulable evalu-
ation can be abnormal in the setting of anticoagulation and/
or thrombosis, L'\Cllﬂlul.lﬁ.ilil'l.g nle rpretation when evaluated in
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FIGURE 19-20 venoussinus thrombosis. A: Axlal noncontrast CT image demonstrating cord sign in the reglon of the left trans-
vierse sinus (arrow). B: Coronal T1-weighted postcantrast MRI demonstrating Lack of Alling of the superior sagittal sinus (arrew). C: Sagittal
T1-weighted postcontrast MRI demonstrating lack of filling of the superior sagittal sinus. D: Sagittal MEV, demonstrating lack of illing of the
superior sagittal sinus,

the acute seiting. For example, protein C© and protein S are
lowered by warfarin antithrombin 111 is lowered by heparin.

If an ongoing irreversible hypercoagulable state is
discovered during evaluation, life-long anticoagulation may
be necessary (e.g., active malignancy, clotting disorder). This
is generally not necessary for provoked VST (e.g,. peripartum,
dehydration, trawma, CNS/sinus infection), for which antico
agulation is wsually maintained for 3-6 months,

OTHER CEREBROVASCULAR
DISORDERS

Posterior Reversible Encephalopathy
Syndrome

Posterior reversible L'I'I-C'.']‘l'!'-'llill".“h‘_l' 3:}'[“[[:“111.‘ {PRES) is a
condition named for the most commoen and most prominent




202 PART 11 Diseases of the Nervous System

FIGURE 15—

8]

7 (posterior), wsual clinical

pihic

& (reversible), and one of the component clinical fea-

radiographic changes

may extend beyond the posterior of the brain; the syndrome

dache, andfor visual changes with or

and in rare cases the disorder

£-in irrevers
ihfe disabiiity, The classic syndrome is one in which a patient
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itories” in Chapter 7) that
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emergency

« Eclampsia
« mmunosuppressive agents {e.g., tacrolimus, cyclosporine)
« Chemotherapeutic agents (e.g. borteromib)

There is a broad spectrum of neuroimaging changes in
this condition bevond the classic appeéarance described above,
indluding contrast enhancement, vascular narrowing on
MBA or CTA, cerebral ischemiahemorrhage, andfor signal
changes in the anterior circulation (3 common pattern is in
the MCA-ACA watershedfborderzone territories: see " Water
shed (Borderzone) Territories” in Chapter 7}, brainstem, cer-
ebetlum, andlor gray matter {cortex and/or deep grav).

Treatment is of the underlying cavse: lowering blood
pressure in hypertensive emergency: magnesium, lowering
blood pressure, and delivery of the baby in eclampsia; and
removal of the offending agent in medication-induced PRES.
If seizures are present and persistent, these should be treated

Posterior reversible encephalopathy syndrome (PRES). Axial FLAIR MR demonstrating subcortical T2/FLAIR hyperin-
e matter of the MCA-PCA boderzones (Al and the MCA-ACA borderzones (B).

with antiepileptic medications, but if the cause is identified
and treated, prolonged antiepileptic therapy is gcm:n‘l'”!.' ol
necessary bevond a short course while the underlying cause
is treated.

Reversible Cerabral Vasoconstriction
Syndrome (RCVYS)

Reversible cerebral vasoconstriction syndrome (RCWVS)
(also called Call-Fleming syndrome) is a condition of reversible
vasospasm of the intracranial arteries, as the name suggests.
Patients most commonly present with isolated thunderclap
headache (sudden-onset, maximal-at-onset), although focal
features andfor seizures may be seen if the condition causes
ischemic stroke or hemorrhage. When intracranial hemorrhage
pecurs, il is most commonly convexal SAF (see Fig. 19-16A).
Vasospasm is apparent on vascular imaging, which has the
appearance of alternating constriction and dilation of vessels
ina "Munﬂgr-link“— like {or “beaded”) appearance (Fig. 19-22).
The most common causes of RCVS include:

« Drugs: marijuana, cocaine, amphetamines

« Medications: selective serotonin reuptake inhibitors (35R1s)
and over-the-counter cold medicines with sympathomi-
metics (e.g., pseudocphedrine)

« Postpartum period (postpartum angiopathy), which can
aecur with or without preeclampsialeclampsia

« PRES: the two conditions may co-occur

Treatment involves discontinuation of the underlying
drug or medication trigger il one is identified. Some practi-
tioners treat ROVS with nimodipine, verapamil, andéor mag-
nesium. Most patients recover completely both clinically and
radiologically within days Lo weeks aller symptom onset.
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E=Ts

J Reversible cerebral vasoconstriction syn-
drome [RCVS). Saginal CT angiogram, demonstrating diffuse irregu-

larity (“baeading”) of the anterior cerebral arteries.

Superficial Siderosis

Superficial siderosis refers to chronic subarachnoid bleeding
leading to deposition of blood products around the brain-
dem, cranial nerves, and cerebellum. The classic symptoms
are insidious development of hearing loss (due to involve-
ment of cranial nerve 8), ataxia (due to cerebellar involve-
ment), and motor dyvsfunction with upper motor neuron
sligns (due to invalvement of the descending corticospinal
tracts), MRI reveals low T2 signal surrounding the circum-
feremce of the brainstem and cerebellum with evidence of
blood surrounding these structures on SWIGRE sequences.
Causes include prior head or spine frawma, arteriovenous
malformation, and CNS tlumors, although, in many cases, no
clear cause is determined. Although CAA can cause sidero-
sis, it does not typically cause the classic clinical features of
superficial siderosis. Although some practitioners consider
treatment of superficial siderosis with iron chelators, this is
often ineffective.

VASCULAR DISEASE OF THE SPINAL
CORD

Many of the same types of vascular pathology that occur in
the brain can also oceur in the spinal cord, although much
less commonly. This includes ischemic stroke, epidural hemia-
toma, spinal cord hemorrhage, and vascular malformations.

Ischemic Stroke of the Spinal Cord

Ischemic stroke of the spinal cord presents with sudden-
onset myelopathy. The main differential diagnosis is acute
spinal cord compression, and urgent imaging is needed to
evaluate for the latter since surgical intervention is often
necessary in acute cord compression. Spinal cord Infarc-
tion most commeonly occurs in the setting of aortic disease

{rupture of abdominal aortic aneurysm or complication of
surgical repair of abdominal aortic aneurysm), A rarer ctiol-
ogy of spinal cord infarction is fibrocartilaginous embolism,
in which disc fragments are thought to embolize to the spi.
nal vasculature after trauma or exertion, Fibrocartilaginous
embolism typically presents with acute back pain in addition
o myelopathy.

The spinal cord is supplicd by the anterior spinal artery
and paired posterior spinal arteries (all of which originate
from the vertebral arteries). The anterior spinal artery is fed
by radicular arteries that branch from the aorta along the
length of the spinal cord, The largest radicular branch and
one of the most vulnerable 10 damage in abdominal aortic
surgery is the artery of Adamkiewicz, normally found at the
level of the lower thoracic spine (at about T10). The ante-
rior spinal circulation is vulnerable to disruption, which most
commonly accurs due to aortic pathology or aortic surgery.
Anterior spinal artery territory infarction typically presents
as bilateral lower extremity weakness and loss of pain and
temperature: sensation with preserved proprioception and
vibration sense (see “Anterior Cord Syndrome” in Chapter 5).
There is also a watershed territory between the anterior and
posterior circulations in the central cord, and central cord
infarction can occur with global hypopertusion.

MRI with diffusion-weighted imaging (DW 1} sequences
may demonstrate spinal cord infarction, but DWI is not as
sensitive in the spinal cord as it is for cerebral infarction.
Given the rarity of spinal cord infarction, appropriate treat-
ment is not well established. Based on the pathophysiology,
perfusion should be maintained by avoiding hypotension, and
some practitioners utilize lumbar C5F drainage to enhance
spinal cord perfusion,

Spinal Hemorrhage

Hemorrhage into the spinal cord (hematomyelia) or its sur-
roundings (epidural, subdural, subarachnoid) can be caused
by spinal trauma, anticoagulation, or bleeding from a spinal
vascular malformation. The most common compartment for
spinal hemorrhage is the epidural space. A spinal epidural
hematoma can result from trauma or as a complication of spi-
nal surgery or epidural administration of anesthesia. Epidural
hematoma is generally easily identified on CT as a hyperden-
sity inthe spinal canal. Treatment is surgical evacuation.

Spinal Dural Arteriovenous Fistula

The most commuon arteriovenous (AN} malformation of the
spine is the spinal dural AV fistula (AVE}) which typically
presents with a progressive myelopathy that may fluctuate
over time spontancously and/or with exertion. Spinal dural
AVE most commonly occurs in older men. MR typically
reveals: diffuse spinal cord edema and prominent posterior
How voids (Fig. 19-23), and the malformation: itself may
sometimes be visualized with MRA. The myelopathy may
worsen if steroids are administered, which may oceur if the
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FIGURE 19-23 Spinal dural arteric-venous fistula. Sagittal

#ighted MRl of the spine demonstrating cord edema (T2 hyper-

Intansity) and multiple fiow voids (hypointense “spars’) In the C5F

pace postenior 1o the spinal cord. Reproduced with permission from

Adams and Victor's Principles of Neurology,
Il Education; 2014,

e e

forke McGraw-H

I impression is that cord ‘edema seen on MRI
serse myvelitis rather than venous congestion
an AVFE. Definitive diagnosis requires spinal angiogram,
reatment may be surgical 'or catheter baged. Spinal dural

nportant underrecognized and treatable cause of

clopathy,
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Infectious Diseases of S

1

the Nervous System

Fungal Meningitis
Tuberculous Meningitis
Lyme Meningitis
Syphilitic Meningitis
VIRAL ENCEPHALITIS
Herpes Simplex Virus (HSV) Encephalitis
Arboviral Encephalitis
Rabies
Cytamegalovirus (CMV), Human Herpes Virus-6
[HHV-&), and Varicella Zoster Virus (VZV)
Encephalitides
FOCAL INFECTIOUS BRAIN LESIONS
Bacterial Focal Brain Lesions
Viral Focal Brain Lesions
Fungal Facal Brain Lesions
Tuberculous Focal Brain Lesions

Parasitic Focal Brain Lesions

Neurologic infections can be classified by clinical syndrome/
localization (e.g.. meningitis vs encephalitis vs miyelitis vs radic-
ulitis) and by the type of infection (e.g., viral, bacterial, tuber-
culous, fungal, parasitac). This chapter is organized by elinical
syndrome, with each section organized into subsections by the
type of infection. At the end of the chapter, the neurologic man-
ifestations of HIV/AIDS are discussed. Table 20-1 pth.E'.-s i
summary of the most common types of clinical syndromes
caused by each pathogen or group of pathogens.

MENINGITIS

Meningitis (inflammation of the meninges) can be caused by:

« Infection: most commonly bacterial, wviral, fungal, or
tuberculous

PETH B R
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Infectious Cranial Neuropathies
INFECTIONS OF THE SPINE
Spinal Epidural Abscess

Infectious CHS Vasculitis

Spinal Meningitis
Infectious Myalitis
Tuberculosis of the Spine

Infections of the Spinal Cord Gray Matter: Acute
Flaccid Paralysis and Tetanus

Other Infectious Conditions of the Spine
INFECTIONS OF NERVE ROOTS
INFECTIOUS PERIPHERAL NEUROPATHIES
Leprosy
INFECTION AT THE NEUROMUSCULAR JUNCTION:
BOTULISM
INFECTIOUS MYOQSITIS
MEUROLOGIC MANIFESTATIONS OF HIV
Diract Effects of HIV on the Nervous System

Opportunistic Infections of the Nervous System In
HIV/AIDS

Antiretroviral Treatment-HRelated Complications

« Systemic inflammatory disease: eig., sarcoidosizs, inflanma-
tory bowel disease. rheumatoid arthritis, granulomatosis
with polyangiitis (formerly called Wegener's granulomatosis),
lgGa-related discase

« Medications (chemical meningitis): nonsteroidal anti-
inflammatory drugs (NSAIDs), intravenous immunoglobu-
lin {IV1g). trimethoprim-sulfimethoxazole

« Malignancy: leptomeningeal metastases (also called carci-
NOATOUS Teningitis)

Most  infectious nw:u'mge-.ﬂ Processes pr:.'thiminmuly
affect the leptomeninges (arachnoid and pia), whereas most
inflammatory processes predominantly affect the pachyme-
ninges (dura mater), although there can be simulianeous
involvement of both the pachymeninges and Iep:umm\inges
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in both types of processes (see Figure 2- 10 and accompanying
discussion "Contrast-enhanced Neuroimaging” in Chapter 2),
Carcinomatous meningitis typically refers to leptomeningeal
metastases (see "!.uptnmening-mt Metastases” in Chapter 24).
Dural metastases also occur (most commaonly with prostate
and breast cancer).

Bacterial meningitis and viral meningitis tend to be acute
in onset and evolution, whereas fungal meningitis, tubercu-
lous meningitis, inflammatory meningitis, and carcinomatous
meningitis are more commonly subacute or chronic in onset
and evolution.

Viral meningitis and chemical meningitis are sometimes
referred to-as aseptic meningitis.

Bacterial Meningitis

Bacteria can infect the meninges by spreading from sinus
ear infegtions, spreading hematogenously
from remole sites of infection, or infecting the meninges
directly in the setting of open head trauma or neurosurgery.

The most common causes of bacterial meningitisvarywith
age and immunocompetence. In infants less than 1 month of
age, Listeria, E. coli, and Streprococcus agalactine (group By are
most common (mnemonic: less than 1 month of age: Listeria,
E. coli, Strep. agalactiae). In children and adulis, Streptococcus
praeumoniae and Neidsseria meningitidis are most common.
Listerie should be considered in patients who are older than
age 50 or immunocompromised (e.g.. HIV, immunosuppres-
sive therapy). In addition to meningitis, Lisferia may cause
involvensent of the brainstem (rhombencephalitis), produc-
ing cranial nerve and cerebellar deficits. Hm‘nwphﬂhs infleeenzae
should be considered in children, although this is now rare due
1o widespread vaccination in childhood. In the setting of open
head trauma or neurosurgery, Staphyloceccus aurens and
gram-negative bacteria should be considered.

Head trauma does not need o be open to create a pas-
sage for entry of bacieria from outside: Basilar skull fracture
can create a communication between the meninges and the
outzide world. A skull defect should be considered as a cause
of bacterial meningitis if a patient with prior neurosurgery
or head trawma presents with cerebrospinal fluid (C5F) leak
(clear fluid from the nose or ears) and/or recurrent meningi-
tis. CSF can be distinguished from nasal secretions by testing
fluid for beta-2-transferrin (present in C5F but not mucus)
or for glucose (present in CSEF bt not mucus, although CSF
glucose may be extremely low in bacterial meningitis, limiting
utility of this test).

infeciions or imne

Clinical Features of Bacterial Meningitis

Bacterial meningitis can be rapidly fatal, 50 prompt diagnosis
and treatment are crucial, The classic features are fever, neck
stiffmess, headache, and altered mental status, although a sys-
tematic review found that fewer than half of patients have all of
these symploms at presentation (Attia et al, 1999, Additional
symptoms can include photophobia and nausea/vomiting,
Purpuric rash may be seen with Nefsseria meningitiz.
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Meningitis should be considered as a possibility in any
patient with fever and headache, although many systemic ill-
nesses that cause fever may also cause some degree of headache,
A particularly high index of suspicion for meningitis must be
maintained in the elderly, who may have minimal or no fever,
and whose neck stiffness may be attributed to osteoarthritis
lerroncously or appropriately, but misleadingly in either case
if the patient has meningitis). Additionally, careful consider-
ation' of meningitis is important in febrile infants, in whom
mental status may be difficult to assess,

The classic signs of Kernig and Brudzinski are highly spe-
cific when present, but unfortunately quite insensitive {Attia
etal., 1999). Both signs demonstrate meningismus by causing
traction on the inflamed meninges. The Kernig sign is per-
formed by flexing the hip and then extending the knee with
the patient in the supine position. If pain prohibits exten-
sion of the knee, this is a positive sign (mnemonic: to look for
Kernig's sign: extend the knee), The Brudzinski sign is per-
formed by flexing the patient's head: If the patient flexes at the
hips and knees, this is a positive sign,

Treatment of Bacterial Meningitis

In most medical texts (including this one), diagnosis of a disease
is generally discussed before teeatment. In contrast, when dis-
cussing bacterial meningitis, treafrent is discussed first because
il bacterial meningitis is being considered, treatment should be
rapidly initiated beforefwhile pursuing diagnostic evaluation
since defaved initiation of antibiotic treatment—even by hours—
leads to poorer outcomes. Therefore, antibiotics should not be
delayed while awaiting lumbar puncture, CSF cullures remain
positive up to hours after initiation of antibiotics, and protein,
glucose, and cell count abnormalities persist up to several days
following initiation of antibiotics. The theoretical concern that
antibiotics should be delayed 50 as not to alter the CSF resulis is
unfounded, and so antibiotic treatment should be given as soon
as possible if bacterfal meningitis is in the differential disgnosis.
Blood cultures are positive in a large proportion of patients with
acute bacterial meningitis and can be drawn at the time of antibi-
otic administration.

Empiric treatment while awaiting CSF culture for adults
with presumed community-acquired bacterial meningitis is
ceftriaxone (covers N. meningitidis and Strepfococcus) and van-
comycin (1o cover potentially resistant strains of Streplococcns).
Ampicillin should be added to cover lor Listerfa if the patient is
younger than 1 month old, older than 50 yvears old, or immun-
compromised. Some practitioners recommend initiating ampi-
cillin in all patients since a patient’s immune status may not be
known at the time of presentation. If there has been prior neu-
TOSUEZETY OF penelrating traun, of in immunocompromised
patients, cefepime or ceftazidine should be used in place of
ceftriaxone to expand gram-negative coverage to include Pseu-
dorerns. In patients with penicillin/beta-lactam u'llerg}r, rc-si-
mens may inelude Hucroquinolones, chloramphenical, and/
or trimethoprim-sulfamethoxazole. Antibiotic treatment can
be mosdified once the eulture and sensitivity data from the CSF
become available. If there is concern for encephalitis in addition
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1o meningitis based on the clinical picture, acvclovir should be
added empircally 1o treat possible herpes: simplex virus (HSV)
encephalitis (see “Herpes Simplex Virus Encephalitis™ below)
while awaiting CSF resulis and neuroimaging.

Steroids (dexamethasone) are penerally also” admin-
istered in parallel with antibiotics for bacterial meningi-
tis, bepinning before or with the first dose of antibiotics
(de Gans et al., 2002). This intervention appears to have the
most effect on oulcomes in patients with meningitis due to
5, prepmoniar, and some practitioners discontinue steroids
if CSF culture reveals an alternative pathogen. In resource-
limited/low-income settings with high HIV prevalence,
steroids may not necessarily be as benehcial as they are in
high-resource/high-income settings (Nguyen et al., 2007;
Scarborough et al, 2007} This may be becanse patients
included in studies in low-income settings may nol all ulti-
mately have had bacterial meningitiz (limited diagnostics),
may not have presented early enough in the disease (limited
access 1o health facilities), and may not have had access to
adequate resources for supportive care of critical illness,

Lumbar Puncture in Bacterial Meningitis
As discuszed above, antibiotics should be administered imme-

Head CT should be considered before LP If the diagnosis
of meningitistencephalitis itself 12 in question or if the patient
iz felt clinically 1o be at risk for a mass lesion (ahsoess) or dif-

fuse cerebral edema that could mise the risk of herniation with

proms/signs that indicate that CT should be considered

ledema, depressed

ore LP include focal deficit. seizure, paj
mientul status, immunocompromise, known intracranial mass
lesion, or age greater than 60 ( Hasbun et al., 2001 ).

The classic C5F findings in bacterial meningitis are ele-

vated opening pressure, extremely elevated protein (generally

1M cellsfmm ), extremely elevated white Blood cell (WRBC)
L0 cellsfmm, but often in the 10005} with neutro-
phil predominance, and decreased glucose (less than $0% ol

serum glucose, but often much lower) (Table 20-2), CSF cul-
ure is used to diagnose the particular bacterial organism-and
determine antibiotic sensitivity.,

Complications of Bacterial Meningitis
The differential diagnosis for an acute neurologic change in'a
patient with bacterial meningitis includes:

« Selzures, including nonconvulsive seizures, for which
continuous EEG may be necessary to make a diagnosis
{see "Nonconvulsive status epilepticus”™ Ch, 18)

+ Acute ischemic siroke due to infectiouns vasculilis
{see "Infectious CWS Vasculitis™ below)

« Venous sinus thrombosis (see “Cerebral Venous Sinus
Thrombasis and Cortical Vein Thrombosis™ in Chapier 19}

« Cerebral edema (management of elevated intracranial pres-
sure is discussed in Chapter 25)

« Abscess formation (intracerebral or subdural empyemal,
which may require surgical dminage {see “Bacterial Focal
Brain Lesions™ below)

Chronic complications in patients with bacterial meningitis
can include:

« Hearing loss

« Epilepsy

= Cognitive impairment
« Hydrocephalus

Isolation of Patients With Bacterial Meningitis and
Prophylaxis of Contacts

While awaiting microbiologic diagnosis, patients should be
placed on droplet precautions (mask and face protection for
providers), bul only patients with N. meningitidis meningitis
require isolation and droplet precautions and prophylaxis of
close comtacts: W AN, memingitidis is found 1o be the eliulng}'.
close contacts should receive a single dose of intramuscular
ceftriaxone or 2 davs of rifampin.

TABLE 20-2 Cerebrospinal Fluid Findings in Central Nervous System Infections.

Protein imgidl)  Glucese (mg/dL) WBCs [cellz/pL) Qther
Bacterial 100~ 10005 < d0f% serum glucode 1 O~ 10,0508 Gram staln and culture
[often much lower) {Heutrophilic predominance early,
lymiphocitic Lter)
Viral 50-100 MNormal 1005~ 1000 Viral PCRS [except for VIV for which lgG
. : Is move sensitive, and arbovinuses for
[Typically rmphocytic predominance) which Igh Is mare sensithig)
REVCS may b present in HSW
Fungal 100500 Low 1005~ 1000 Cryplococcal anigen most semgitive for
eryplococcus
(Typically lymphocytic predoeminance)
Tuberculosis  100-1000 Low 100%-500 Culture, DHA tests

[Typically lymphocytic predominance)

Abberwiations: HEW: herpes smples virug; PCRy: polymicrase chain reactions: RECT red bood ool VIV, vancella zoster virus, WHEs white blocd cells,



Viral Meningitis

A large number of viruses can cause viral meningitis il‘lcluding
herpes simplex viruses (H5V) 1 and 2, enteroviruses, arbovi-
ruses, HIV, varicella zoster virus (VZV), and I}rm];.hﬂ,;}.ﬁ,;
choriomeningitis virus (LCMV). Viral meningitis presents
similarly to bacterial meningitis with headache, fever, neck
stiffness, and photophobia, but is typically less severe thap
bacterial meningitis and does not usually cause alterations
in consciousness (unless there is an associated encephalitis).
Viral meningitis is one type of asepiic meningitis, a term
used to describe meningitis with no growth on CSF bacterial
cultre,

In viral meningitis, CSF protein and WBC count are gener-

ally elevated (but not to the degree seen in bacterial meningitis),

and glucose is usnally normal {see Table 20=2). The C5F WBCs
re classically predominantly ymphocytes, although neutro-
phils may be present early in viral meningitis. Precise diagnosis

of the viral pathogen is made by C3F polymerase chain reaction
(PCR). Care is supportive with the exception of HSY and VZV
encephalitis, which are treated with IV acyclovir,

Aseplic meningitis may occur at the time of HIV serocon-
version, so patients with viral meningitis should be screened
for HIV risk factors (see "HIV Seroconversion Syndromes
Involving the Mervous System” below).

Maollaret's meningitis refers to recurrent viral meningi-
tis, most commonly caused by H5V-2 (the HSV strain that
causes genital herpes).

Fungal Meningitis

Fungal meningitis most commonly affects patients who are
immunecompromised {e.g., due to HIV infection or immu-
nosuppressive  medications), although immunocompetent
patients can be affected. The presentation is typcally more
subacute than with viral or bacterial meningitis. cmerging
over days to weeks. Headache is almost always present, bt
the inflammatory aspects of meningitis such as fever and neck
stifiness may be minimal or even absent if the patient devel-
ops fungal meningitis in the setting of immunocompromise.
Therefore, a high index of suspicion for potential fungal men-
ingitis must be maintained in patients who develop headaches
while on chroni¢c immunosuppressive therapy or in the sel-
ting of diseases causing immunocompromise (e.g. HIV). Cra-
nial nerve palsies and seizures may also be seen, especially in
advanced cryptococcal meningitis. Strokes in the basal ganglia
may occur due to infectious involvement of penetrating len-
ticulostriate arteries at the base of the brain.

Cryptococcal Meningitis

Cryptococcal meningitis is the most commaon fumgal men-
ingitis in immunocompromised patients. Due 10 meningeal
inflammation, communicating hydrocephalus can develop,
leading to rapid changes in mental status. This often improves
with large-volume LI' to relieve intracranfal pressure. In
severe cases, LB may be required daily, and patients may ulti-
mately require ventriculoperitoneal shunting.

B Y EHIH“L'"-I!- [JI“]H‘& of the Nervay Sf:.'!.l
L} e

areas of the world mast affected by
central nervous sysen {EME) oppo.
tococcal culture is sensitive and m
results return much less rapidiy.
tive as cither test,

Mass lesions ol cryplococe (eryptococcomas) can aceur
appearing. as. T2/FLAIR hyperintense spherical lesions ur:
MRI, most commonly in the basal ganglia. Treatment of cEyp-
tococcal meningitis begins with amphotericin and flucytosine
induction therapy, followed by fluconazole until the CD4
count is greater than 200 cells/mm’ for 6 months,

AIDS and ACcOmpanying
riunistic infections. Crvp-
wore widely available, bt
India ink stain is not as sensi.

Other Fungal Causes of Meningitis

Other fungi can also cause meningitis, including Aspergillus,
Coccidioides (Southwest United States), Histoplasin {Mississippd
and Ohio River regions as well as Latin America), Blastongyces
(Southeast United States), and Candida. These fungi can affiect
immunocompetent or immunocompromised  individuals,
except Aspergilius, which generally only affects immunocom-
promised patients. Treatment of fungal meningitis caused by
these pathogens is with ampheotericin or azoles,

Tuberculous Meningitis

Like fungal meningtis, tuberculous meningitis presents more
insidiously than viral and bacterial meningitis, typically over
weeks. The clinical presentation can include any of the clas:
sic features of meningitis (headache, fever, meningeal signs,
altered mental status), and may also include cranial nerve
palsies. As in cryptococcal meningitis, hydrocephalus and
subeortical infarcts in the basal ganglia may develop. Many
patients who develop tubérculous meningitis have no prior
history of pulmonary tuberculosis (clinically or by chest
x-rayl.

Neuroimaging may demonstrate hydrocephalus, basal
ganglia infarcts, and/or meningeal enhancement, CSF profile
is similar to that in fungal meningitis with moderate eleva-
tions in WBC count (lymphocytic predominance) and pro-
teim, and diminished glucose with values less extreme than in
bacterial meningitis (Table 20-2). Unfortunately, CSF culture
is insensitive, and molecular testing is often not widely avail-
able in areas of highest incidence. Therefore, in areas of high
incidence and limited diagnostic resources, empiric treatment
is often initiated in the following scenarios: patients who pres-
ent with meningitis and a CSF pattern inconsistent with bag-
terial meningitis, patients who fail o improve with treatment
of bacterial meningitis, or in HIV-infected patients who have
a G4 count greater than 200 cellsfmm? (making Crypt

unlikely) or whoodo not res
kely). spond to treatment fo Cryprococcal
meningiiis, EIBES
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Treatment generally consists of 2 months of a four-drug
regimen (including isoniazid, rifampin, and prrazinamide
with ethambutel or a fluorequinolone as the fourth agent)
followed by an additional prolonged course of lsoniazid and
rifampin, Corticosteroids are often added during the initial
2 months. In patients with coexisting HIV infection who are
not already on antiretroviral therapy, it mav be necessary o
defer initiation of antiretrovirals until after an initial period of
treatment of tuberculons meningitis due to the risk of immune
reconstitution inflammatory svndrome (TRIS) (see "Immune
Reconstitution Inflammatory Syndrome (IRIS)7).

Tuberculosis can also canse focal brain lesions: (tuber-
culomal and disease of the spine (Potl’s disease), which are
discussed below (see “Tuberculous Focal Brain Lesions”™ and
“Tuberculosis of the Spine”)

Lyme Meningitis

Eyme meningitis may be preceded by the target rash typical of
the disease, although many patients do not develop a rash, or
may not have noticed i Diagnosis is confirmed by detecting
CSF Lyme antibody, although this is insensitive, Other neu-
rologic manitestations of Lyvme disease thal can ocour early
in the illness include seventh perve palsy (or less commonly
other cranial nerve palsies) and radiculits. Meningitis, seventh

nerve palsy. and radiculitis can occur together. and may ocour

stdres of Lyme disease
Lyme meningitis is generally

the only neurclogic manifesta-

Syphilitic Meningitis

cecurs within the first few vears afler

h syph

meningitis

In patients in whom positive
s syphilis; syphilitic men-
by posithve C5F VDRL ( Venereal Disease
oratory) test. CSF VDKL is highly specific but
nsitive. Treatment is with high-dose IV peni-

Cr. Meningovascular syphilis can alse occur months 1o

tbody confir

vears following instial infection, leading to strokes.

Late meurologic manifestations of syphilis include tabwes
dorsalis (see “Other Infectious Conditions of the Spine”
below) and dementia (called general paresis or dementia par-
alytica), Both are also diagnosed by CSF VDRL (in patienis
found 1o have syphilis by positive serum treponemal anti-
body) and treated with IV penicillin 6. Response to treatment
is generally followed with CSF VDRL at 6 month intervals
until the CSF normalizes.

VIRAL ENCEPHALITIS

Encephalitis (inflammation of the brain) can be caused by:

« Infection: most commaonly viral

= Inflammation;

+ Postinfections: e.g., acute disseminated encephialomyelitis
(ADEM; see “Acute Disseminated Encephalomyelitis® in
Chapter 21)

= Paraneoplastic/antibody mediated: e.g. oanti-MMDA
(N-methyl-p-aspartate) receptor encephalitis (see Parane-
oplastic Syndromes of the Nervous System” in Chapter 24)

» Hashimoto encephalopathy, an imnune-mediated encepha-
litis associated with antithyroid antibodies (See "Hashimoto
Encephalopathy” in Chapter 22)

Due to direct brain involvement in encephalitis, altered
mental status and seizures may be present early in the course
of the illness in addition 1o headache and fever, while men-
ingeal signs are generally absent (unless there is a combined
meningoencephalitis).

A large number of viruses can cause encephalitis includ-
ing herpes simplex virus (HSV), varicella zoster virus (VZV],
cytomegalovirus (CMV), Epstein-Barr virus (EBV). human
herpes virus-6 (MHV-6), enteroviruses, and the mosquito
borne arbovirnses (e.g, West Nile virns, Eastern cquine
encephalitiz virus, St. Louis encephalitis virus, dengue virus).
CMV and VZV encephalitis typically oceur only in immuno-
compromised patients.

HSV, VEV, and CMV have specific treatment (1% acyclo-
vir for H5V and VZV; ganciclovir and foscarnet for CMY)
whereas care is supportive for other viral encephalitides.

HSV, CMV, HHV-6 and enteroviruses are diagnosed by
CSFPCR, VEV is diagnosed most sensitively by CSF 1gG, and
the arboviruses are most sensitively diagnosed by CSF [gM.

Herpes Simplex Virus (HSV) Encephalitis

HSV encephalitis is the most common viral encephalitis and
can be rapidly fatal. Therefore, there must be a low threshold
for empiric treatment with 1V acyclovir in any patient present-
ing with a potential infectious encephalitis. HSV encephalitis
is most commonly caused by H3V-1 in adults and HSY-2 in
infants, though both adults and infants can develop encepha-
litis from either HSV-1 or HSV -2, HSV encephalitis presents
similarly 1o other viral encephalitides with headache, altered
mental status, andfor seizures. MRI demonstrates unilat-
eral or bilateral T2HFLAIR hyperintensities limited to limbic
regions (medialfinferior temporal lobe, insula, inferior frontal
lobses) (Fig. 20-1). CSF shows a viral pattern ( Table 20-2), and
CAF red blood cell (RBC) count may be increased due to the
hemorrhagic nature of the infection. Temporal lobe periodic
lateralized epileptiform discharges (PLEDs) may be present
on EEG. Deiinitive diagnosis is made by CSF HSV PCR. CS5F
HSY PCI may be negative carly in the course of the illness,
=0 @ negative lest does mot exclude the r.lj;;gqmgis, anel the test
should be repeated if clinical suspicion is high, Treatment is
with IV acyclovir.

Rarely, HSV encephalitis can relapse. Another course of
acyclovir should be administered and the patient should be
evaluated for anti-NMDA receplor antibodies, since there is
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H5W en cephal-li;, Axial FLAIR MRI demonstrating T2/FLAIR hyperintensity in the right medial and anterior temporal lobe

b [A), and insula (B)

merging ¢vidence that relapse may be immune-mediated
w the mechanism ol anti-NMDA  receptor antibodies
Armangue ¢t al., 2014) (See " Autoimmune Limbic Encephalitis”

i Chapter 24)

Arboviral Encephalitis

atany of the arboviral encephalitides have :\'|"|.'|.':"|:I{ HL‘-.:-::_;r.apl:ic
distribuitions (e Eastern equine encephalitis: east coast of
United States; lapanese encephalitis in East/South Asia: den-
pue in CentralfSouth America, Africa, Asia), although some
are now present :-::_||_1-|'-:'|||1_,' ||:,1:,_ West Mile virus). In addition to

headache, fever, altered mental status, and seizures, arboviral
encephalitides are often accompanied by movement disorders
| remor and/or parkinsonism. West Nile virus can also

SUCH
cause an acute flaccid paralysis due to involvement of the spi-
nal cord gray matter. MRI of the brain in arboviral encepha-
litides can reveal symmetric T2IFLAIR hyperintensities in the
deep gray matter (basal ganglia and thalamus) (Fig. 20-2),
Unlike most other viral CNS infections for which CSF PCR
is used for disgnosis, the arboviral encephalitides are diag-
nosed by CSF IgM, and some patients will have a neutrophilic
pleocytosis rather than a lymphocytic plencytosis in the CSF.
I'reatment is supportive.

Rabies

Rabies is acquired from contact with an infected animal (dog
aned bat bites are most commaon). Encephalitic and paralytic
forms (laccld paralysis) can be seen. Fear of water (hydro-
phobia) may be seen with the encephalitic form. Onee the

disease has affected the nervous system, it is fatal, so post
exposure prophylaxis is essential in potentially exposed
patients, and pre-exposure vaccine should be offered to at

risk individuals.

FIGURE 20-2 Eeastern equine encephalitis. Axial FLAIR
MRI demanstrating T2/FLAIR hyperintensity in the basal ganglia
Hil.:l:-:mll:,-_
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Cytomegalovirus (CMV), Human Herpes
Virus-6 (HHV-6), and Varicella Zoster Virus
(VZV) Encephalitides

CMY encephalitis can oocur in patients with €4 <50, and

patients often also have other co

rrenl complications of
s, radiculitis). HHV-6
monly in bone marrow trans-
plant patients. On neuroimaging, MV may cause periven-

CMVY infection (e, ret

ks, &

encephalitis occurs most com

tricularwhite matter changes, whereas HHV -6 typically causes
temporal lobe changes. CMVY and HiH

V-6 are diagnosed by
CSF PCR and treated with ganc lovir and/or foscarnet.,
VEV can cause a UN5S vase

1o infarction with fc

i# in addition o encephali-
jeficits. VZV isone of the
infection is diagnosed more

F PCR. VZV encephalitis is

tis, leading

vasculi

FOCAL INFECTIOUS BRAIN LESIONS

tisl Open

s spread rom

MNeuroimaging

lesion with surroundi -\.'.1'I.E|.'|I'.n'l. and

thie center of the abscess often demonstrates diffusion restric-
tion due to high cellularity (Fig. 20-3). [Fabscess is suspected,
blood cultures should be drawn and empiric antibiotics that
include anaerobic coverage should be initiated immediately.
Surgical aspiration or evacuation |5 usually necessary. If 2
clear source of infection is not evident from the patient’s his-
tory, the patient should be evaluated for endocarditis, eranial
infections (e.g., sinus, mastodd), and other potential systemic
sources of infection,

Epidural Abscess and Subdural Empyema

Like cerebral abscesses, bacterial infection of the epidural
space (epidural abscess) or subdural space (subdural
empyemal can also arise due to trauma, newrosurgeny, of
local spread of infection from other cranial compartments.
Treatment is with antibiotics {i|:n;'|'|_|4,|.|.:|'|_|_-; anaerabic o

as with brain abscess) and surgical drainage

WECDEE
=

Viral Focal Brain Lesions

Progressive multifocal leukoencephalopathy (PML) caused
by 1C virus infection can be seen in HIV -infected patients {with

CI <200 cellsfmm’), patients immunosuppressed afier organ

transplantation, and patienis receiving immunomodulatory
} 5 ]

erapies such as natalizumab (see “Long-term Treatment of
:".L'I.I|*'\:|1;;-|{x'|11ll ting Multiple Sclerosis” in Chapter 21). Focal
or multifocal neurologic dehicits emerge subacutely, with symp-
toms/sig -.i'.'l"'l.'!'.l.illl!,: on the silels) of lesions,

Meuroimaging in PML reveals juxtacortical T2/FLAIR
hyperintensity respecting the boundary between gray and
white matter (Fig. 20-4A). The middle cerebellar peduncle
is another common site of involvement, ':;';1.;|i|11; to presenta-
tion with ipsilateral ataxia (Fig. 20-4B). Lesions typically do
not cause any mass effect or contrast enhancement, except
in the setting of immune reconstitution inflammatory syn-
drome (IRIS) in which contrast enhancement may be seen

FIGURE 20-3 cCerebral abscess. Axial MR demonstrating ring-enhancing lesions on T1-weighted postcontrast sequence (A), and DWI
hyperintensity (B) with ADC hypointensity (€) consistent with diffusion restriction
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Progressive multifocal leukoencephalopathy. Axial FLAIR MR demonstrating muliifocal juxtacertical TAFLAIR hyperin-

Immune Reconstitution Inflammatory Syndrome (IRIS)”

5i5 is made based on clinical features and
findings, and PCR confirmation of JC
‘.In;':"sl'

'I.'Ii.IL 13 no proven effective
1 S00e F'II.I.L-\.IIII'I"It'r'\ treat r1.'|l]li.||.""~ with
apine h.mu on case reports suggresting possible clini-
senelit {miriazapine blocks 5-HT2A receptors, which are
ight to be the means of JC virus entry into glial cells). In
patients who develop PML due to natalizumab therapy, the
drug is removed with plasmapheresis, although this raises the

treatment

risk of development of IRIS (see

Relapsing-Remitting Multiple Sclerosis” in Chapter 21}

Fungal Focal Brain Lesions

Mucormycosis affects patients who are immunocompromised,
diabetic, have clevated serum iron (e.g. hemochromatosis,
deferoxamine therapy), or who use 1V drugs. Rhinocerebral
mucormycosis is the term given to extension of infection
from the sinuses into the orbit and cavernous sinuses causing
ocular motor palsies and other cranial neuropathics. Mucor-
mycosis can also rarely cause o focal brain abscess (most com-
monly in the basal ganglia). Angicinvasion can cause stroke
or hemorrhage. Treatment is with amphotericin and surgical
debr idement of sinus involvement 'l.\'|1|.3'1'| |1r..-_<unl, SIT11 Progng-
sis is often poor when there is brain involvement.

Aspergillus can also cause fungal brain abscess in immu-
nocompromised patients, and like mucormyeosis, can also
lead to angivinvasion cavsing stroke or hemorrhage. Treat
ment iswith voriconazole.

Long-term Treatment OF

flect (A and T2FLAIR hyperinensity in thee right middle cerebellar pedunche (B).

As described above, cryptococcal lesions known as
cr}'ptucncumnus CAf OCCIF,
setting of cryptococcal meningitis and ocour most commanly
in the basal ganglia (see "Crypiococcal ."'.h‘l.hl'l.gih.s." above).

'||'|.|.":\.-;' Afe Niost COmimon i|l ﬂ'w

Tuberculous Focal Brain Lesions

Tuberculomas are focal tuberculous granulomas which
may evolve into tubercular absceszes. They appear as ring-
enhancing lesions on  contrast-enhanced neuroimaging.
Treatment is generally with antituberculosis therapy and
steroids, with surgery only being necessary in cases with
significant mass effect or those complicated by hydrocepha-
lus that does not respond (or does not respond adequately) to
ment.

anti-tuberculosis treat

Parasitic Focal Brain Lesions

Toxoplasmosis

Toxoplasmosis can ocour inimmunosuppressed patients with
CD4 <100 cells/mm’, It canses one or more focal brain lesions
with predilection for the basal ganglia andfor deep white mat-
ter, leading to subacute development of contralateral hemi-
paresis, contralateral movement disorder, and/or confusion.
Brain imaging reveals one or more ring-enhancing lesions
with surrounding edema (Fig, 20=5).

In immunocompromised patients, the main differential
diagnosis for subcortical ring-enhancing lesions is toxoplas-
mosis vs primary CHS lymphoma, which can resemble each
other clinically (subacute focal/multifocal deficits) and radico-

logically (subcortical ring-enhancing lesion(s]). 1f a patient
does not have a positive serum toxoplasmosis leG, this makes
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FIGURE 20-5 Toxoplasmosis. A; Axlal FLAIR MBI demonstrating left frontal lesion surrounded by extensive edema causiug mass effect on
the left lateral ventricle, B: Axial T1-weighted postcontrast MRl demonstrating that the lesion In A Is ring enhancing.

a I.-:il"::”'.'\"-i"a of CNS
1 between: loxoplasmosis

1 anly be made by biopsy, so

lasmosis (sulfadiazine
rimethamine) and fol-
cally. Steroids:should

2L Inr [Dxo

vement of lymphoma as well,
1ere is clinizal and radiographic
weeks of empiric toxoplasmeosis
"'i':""“:"""' iz I"I::."\-I.“'I'll\.'i.l. ][.tlh;rn.'

. bropsy should be considered to make a

Neurocysticercosis
smeurocveticercosis (NCCT s one of the most common  Calses
of acquired epilepsy in the world. The Taenia solium tapeworm
can be sequired from cating undercooked pork. The eggs of the
parasite are shed in the stool, and it is the eggs that find their
wiy to the brain to cause neurocysticercosis. The cpgs are trans
mitted by the fecal-oral route by auteineculation or from one
individual to another. This means that a patient does not have
1o eal pork to acquire neurocysticercosis, a patient only has 1o
shake hands with someone who has the lapeworm and is shed-
ding egs. The egps most commonly go to the brain, ventricular
system, or subarachnoid space (called racemose cysts when in
the subarachnoid space). but can also go to the spine or eyes.
The most commen presentation of neurocysticercosis is
seizures, although intraventricular or infratentorial subarach-
noid cysts can also cause hydrocephalus. Patients may present
many vears after infection, so NCC should be a consideration

in patients from endemic areas, even if they have lived outside
of an ¢endemic area for a prolonged period.

In the beain parenchyma, neurocysticercosis passes through
several stages with different radiologic manifestations: a vesicular
stage (cyst with central hyperintensity, called a scolex), colloidal
and granular stages (cyst with surrounding enhancement and
edema), and finally a calcified stage (Fig. 20-6).

Treatment depends on the stage and location of the cyst(s).
At any stage of NCC, if selzures are present, they should be
treated with antiepileptics. Antiparasitic treatment (albenda-
zole andfor praziquanmel) is used for the stages during which
the parasites are active (vesicular, colloidal, and granular, but
reort the calcified stage), and steroids are administered in par-
allel with antiparasitic treatment to reduce the inflammatory
response (o cyvsts dying as a result of antiparasitic treatment. A
longer course of antiparasitic treatment may be necessary for
racemose cvsts, which can be harder to eliminate. Given that
paticnts from endemic regions could also have latent tubercu-
losis or strongyloides that could worsen with steroids, patients
should be screened for tuberculosis (chest x-ray, purified pro-
tein derivative [PP'D] test) and given empiric strongyloides
treatment (ivermecting prior (o initisting steroids.

For intraventricular cysts, surgical removal may be neces-
sary in some cases 1o treat hydrocephalus,

Rarely, innumerable cysts can be seen, a scenario
referred 10 05 neurocysticercotic encephalitis (Fig. 20=7).
‘This form of neurocysticercosis is more commaon in young
woren, The burden of ¢ysts in neurocysticercotic enceph-
alitis is so0 high that antiparasitic treatment can provoke a
massive inflammatory response leading (o cercbral edema.
Therefore, antiparasitic treatment should rot be used for this
torm of the infection, only steroids (and amtiepileptics if sei-
Zures ocear).
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P, ,_.“-_.,. sticercosis. A: Vesicular neurccysticercosis. Sagittal noncontrast CT demansirating cystic hypodensities in the

FIGURE 20-7 cysticercotic encephalitis, Axlal noncontrast CT
demonstrating Innumerible cystic h':.l'pﬁﬂl!'l'l-ilhl."ﬁ with eentral |1:,-;;||_-r
densities, consistent with vesicular neurecysticercosis. The extensive
hurden of lesions represents cysticercotic encephalitis.

al lobe with a central hyperdensity (scobex) in the parietal lesion, B: Calcified nevrocysticencosis. Axial nongon
wirating multiple punctate hyperdensities in the bilateral frantal lobes consistent with calcifed neurocysticercosis.

Other Parasitic Focal Brain Lesions

A number of other parasitic diseases in endemic areas can
canse focal brain lesions including schistosomiasis, echino
coccosiz, paragonimiasis, and Chagas' dizease,

Infectious CNS Vasculitis

Infectious vasculitis leading to stroke can be caused by HIV,
VZV, meningovascular syphilis (months to years after initial
infection}, mucermycosis, Aspergiflus, and bacterial, tubereular,
or |'l.:|:|1j;;|.| |.:'|{'I'|il'lk‘_:|1i.‘~. VEV, Mucor, and .'1-5PL'JR’.H“-‘ infections
vasculitis accur almost exclusively in immunocompromised
patients. Treatment is of the underlying infection. Some practi-
tioners add steroids in patients with VZV vasculitis.

Infectious Cranial Neuropathies

Seventh nerve palsy may be a presenting feature of Lyme
disease or HIV seroconversion (see “HIV Sercconversion
Syndromes Involving the Nervous System” below), and may
accur in isolation or in combination with involverment of cra-
nial nerve & in Ramsay-Hunt syndrome (V£ reactivation in
the geniculate ganglion causing accompanying vesicular razh
in the ear and/or on the palate).

The tower eranial nerves are commonly affected in diph-
theria leading to palate dysfunction,

Tuberculous meningitis and cryptococcal meningitis can
also canse accompanying cranial nerve palsies. as can leprosy
(sew “Leprosy™ below)

Botulismy causes multiple cranial neuropathies (see
“lnfection at the Newromuscular Junction: Botulism® below),

Infectious oplic neuropathies can be caused by Bartonelln
(it serateh disease; associated with nevroretinitis and a mac-
ular star on fundoscopy), syphilis, and rarely by Lyme disease,
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INFECTIONS OF THE SPINE

Infections of the spine can occur in various anatomical
locations:

= Epidural space (spinal epidural abscess)

= Apinal meninges (spinal meningitis)

nal cord ft=elf (infections myvelitis)

._‘Q|__

= Anterior horns of the spinal cord (poliomyelitis)

= Spinal interneurons (tetanus)

« Vertebrae (Pott's disease in tuberculosis, osteomvelitis)

Spinal Epidural Abscess

cpL

1 from

1 abscess can occu erous

Acute Viral Mye
i I MSVETsC L
L UsEs O :.'.:\.; 5 ::l.'ill'.'.L' ".'.'—"1\'

vith the prec

R ]
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{the latter more

1 concurrent radiculitis; see “Infec
L EMY, and EBV, C5F ar
vated protein and hmphocyviic pleo

iral PCR for all
ch C5F Igl is more sensitive.

VEIS I

CYVIOEES S

except VZV, for

Chronic Viral Myelitis

Causes of subacute to chronic onset viral !11'!.'L']IEE\ include
HIV (vacuolar myelopathy) and human T-cell lymphao
cviic vires | (HTLY -1} (tropical spastic paraparesis), HIV
vacuolar myelopathy is a progressive myelopathy (usually
thoracic) seen in advanced AIDS. The time of emergence
in the disease and time course parallel that of HIV dementia.
Fhe dorsal columns and corticospinal tracts are selectively
affected, similar 1o subacute combined degeneration causced

by vitamin B12 deficiency. MRI typically shows cord
atrophy (see “HIV-associated vacuolar myelopathy®
below).

HTLY-1 myelopathy (tropical spastic paraparesis) is seen
in & small percentage of the large number of patients infected
with the virus, which is endemic throughout the Caribbean,
Africa, Central/South America, and Japan. Transmission is
by the same modes as for HIV (e, blood and sexuval fluids).
Diagnosis is made by detecting serum or CSF antibodies to
HTLV-1. Unfortunately, there are no known eifective treat-
ments, although antiretroviral agents are sometimes used
empirically.

Tuberculosis of the Spine

Tuberculosis can affect the spine in three wavs: inve
of the vertebrag (Pott’s disease), spinal aracl
:|'u'1|'.||!_:_iI|\. (47 | '\.E1:||.‘!| cord tuberculoma. As in tul cretlous

wvement

elitis!

ngitis, history and/or signs of prior or concurrent pul-
y tuberculosis may be absent. In Pott's disca tuber
s involvement of the vertebral bodies and discs leads to
vertehral destruction, which can |,||[|r':'|;'|t:3'|‘_.' result - in verte
bral collapse (Fig 20-8). This most commonly eccurs in the

FIGURE 20-8 pot’'s disease [tuberculosis of the spine).
Sagiral T2owelghted MR of the lumbar spine demonstrating callapse
of the L4 vertebra with compeession of the roots of the cauda equina.



theracic or lumbar spine, leading to paraplegia, bowel/bladder
dyzfunction, and back pain. lrregularity of the spine may be
palpated on examination (gibbus deformity). Neuroimaging
reveals vertebral collapse, which is often apparent on plain
il or CT if MRI is unavailable,

Fuberculous spinal meningitis and spinal tubereuloma
can present with either a myelopathy or a polyradiculopathy
depending on the site(s) of involvement. Prolonged treatment
with a multidrug regimen is used for spinal tuberculosis just
as in tuberculons meningitis. Steroids may be considered. Sur-
gery may be indicated in cases of Pout'sidisease with unsiable
fracture and/or cord compression, although is unfortunately
n many regions of the world with high

CHITEI i riass
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Infectic “the Spinal Cord Gray Matter:
Acute Flaccid Paralysis and Tetanus

Acute Flaccid Paralysis

wrboviruses (elg, West Nile virus) and enteroviruses (e.g.
poliovirus) can selectively affect the anterior horn cells of
the spinal gray matter {poliomyelitis), causing acute flaccid

paralysis.

Tetanus

Fetanus is cansed by exposure to the tetanus toxin by way of
wound infection with Clostriclium fetani, Tetanus is raré where
patients are vaccinated, but still occurs in many parts of the
world. The tetanus toxin impedes spinal interneuron inhibi-
tory transmission, leading 1o increased activation of alpha
molor neurons. This causes excess muscle contraction leading
to spasm and rigidity of the muscles of the jaw (trismus) and
extremities. Diagnosis is clinical. EMG, if performed, shows
evidence of continuous muscle activity. Treatment is with
antitexin, metronidazole, benzodiazepines, and respiratory
support (intubation and paralysis are often necessary).

Other Infectious Conditions of the Spine

Mycoplasima can cause an acute infectious or postinfectious
myelitis,

The “dorsalis” in tabes dorsalis caused by late-stage
syphilis refers to involvement of the dorsal columns and
dorsal roots, leading o radicular pain, sensory loss. sensory
ataxia, and bladder/bowel dysfunction. By this point in the
disease, Argyll-Robertson pupil andfor dementia may be
present. Diagnosis is by CSF VDRL and treatment is with
penicillin G.

Although neurccysticercosis most commonly affects the
brain, it can also affect the spinal cord, In most cases, patients
have concurrent racemose (subarachnotd) disease in the brain
{see “Neurocysticercosis”™ above).

Schistosominsis, acquired by swimming in freshwater in
endemic regions (Alrica, Central/South America), can cause
an acute myelitis, Treatment of schistosomiasis of the spine is
with praziguantel and steroids.
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INFECTIONS OF NERVE ROOTS

Infectious causes of radiculitis include Lyme disease, CMV
{if C24 <50), HSV-2 (Elsberg syndrome), and schistosomia-
sis. As with any disease process affecting nerve roots (see “Dis-
eases of Nerve Roots” in Chapter 15), infectious radiculitis
leads to pain radiating through affected dermatomes, and can
also cause weakness, sensory loss, andfor decreasedfabsent
reflexes in the region(s) supplied by the affected root{s). 1f
the roots of the cauda equina are affected, there can also be
bowel and bladder dysfunciion. Clues o an underdying infec-
tious etiology of radiculopathy may be found in accompany-
ing or preceding systemic andfor neurologic manifestations of
the infectious agent, such as rash, fever, cranial nerve 7 palsy,
and/or meningitis in Lyme discase; retinitis, colitis, and/or
encephalitis in CMV: or genital rash in HSV-2.

INFECTIOUS PERIPHERAL
NEUROPATHIES

Peripheral neuropathy is one of the principal features of leprosy,

but can alse occur in Lyme: disease, diphtheria, hepattis ©
(assoctated with cryopglobulinemia), and HIY.

Leprosy

Leprosy is one of the most common causes of neurapathy
worldwide, and is endemic in Africa and Asia. The typical
presentation is with mononeuropathy multiplex affecting
nerves in the coolest regions of the body (i.e.. where nerves
are closest to the zkin): wlnar, peroneal, posterior auricus
lar, and superficial radial. Nerves may be palpably enlarged,
especially the great auricular nerve (behind the car) and the
ulnar nerve (at the elbow). Accompanying hypopigmented
patches on the skin or other skin changes are seen in most
(But not all} patients. Cranial neuropathies (most com-
monly cranial nerves 5 and 7) may be seen. Treatment is
with rifampicin, clofazimine, and dapsone; the combination
of medications and the length of treatment depends on the
clinical subtype.

INFECTION AT THE NEUROMUSCULAR
JUNCTION: BOTULISM

In botulisny, the botulinum toxin impedes presynaptic trans-
mission at the neuromuscular junction, The presentation is
one ofa descending Haceid paralysis beginning with the extra-
ocular muscles and pupils (dilated and poorly reactive), and
progressing to involve additional cranial nerves, respiratory
muscles, and the extremitics. Diagnosis of foodborne botu-
lism may be suspected if onset occurs days following gastro-
intestinal upset and exposure to home-canned food. Other

potential sources of infection include inhalation (in infants)
and via '\'-"I'.'II.'I.“l.tS_
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The main differential diagnosis for botulism is Guillain-
Barré svndrome, but botulism is distinct in that symptoms
descend (rather than ascend as they most commonly doin Guil-
lain-Bareé syndrome), there are no sensory sympioms (pure
motor Guillain-Barré syndrome occurs but is not common),
pupils are usually involved (doesmot usually occur in Guillain-
Barré syndrome), and CSF is gypically normal (albuminocyto-
logic dissociation is usually seen in the CSF In Guillain-Barré
syndrome) (see “Guillain-Barré Syndrome™ in Chapter 27).

EMG in bowlism shows diminished CMAP {com-
poumd motor action potential) amplitudes that increase with
high-frequency repetitive stimulation as in Lambert-Eaton
myasthenic syndrome, another presvnaplic neuromuscular
junction disorder (see "Repetitive Nerve Stimulation in
Lambert-Eaton Myasthenic Syndrome” in Chapler 29). [Hag-
nosiz can be made by detecting serum toxin, and treatment
is with antitoxin. Although antibiotic treatment is used for
wound botulism. antibiotics should not be used for infant
botulism or focdborne adull cases of botulism since this may
lead to increased toxin burden in the gastrointestinal tract.

INFECTIOUS MYOSITIS

Infections of the muscle can be caused by;

« Bacteria: muscle abscess; promyvositis, gangrene due 1o
Clostridium
« Parasifes: trichinosis, cysticercosis (usually asymptomatic

intection), ioxoplasmosis

aigias are common with many viral infections,
aryositis mav also be seen

Bacterial muscle infection is usually limited 1o one mus-
cle fe.p. proas abscess), viral myositis is usually diffuse, and

1 af symptoms in parasitic myositis depends on
ger: Trichinosis most commonly affects the muscles
¢ eves and face, whereas ovsticercosis and toxoplasmosis
cause more ditfuse muscle involvement. Treatment is directed
the Infectious pathogen.

NEUROLOGIC MANIFESTATIONS OF HIV

HIV infection and its sequelae can affect any part of the ner-

vous svstem from the time of seroconversion to- advanced

ATDS, The nevrologic manifestations of HIY can be caused

by (Table 20-3):

= HIV itself

« Opportunistic infections

= Toxicities of antiretroviral therapy, including direct toxicity
and immune reconstitution inflaimmatory syndrome (IR15)
triggered by initiation of antiretroviral therapy

Direct Effects of HIV on the Nervous System

The nervous svatem complications directly related 1o HIV can
be divided into those that occur at the time of seroconversion
and those that emerge with advanced iliness.

TABLE 20-2 Neurologic Manifestations of HIV.

Oppartunistic _
Direct Effects of HIV  Infections Treatment Effects
At time of CN5: Focal deficits CHNS tonicity
SEreconversion g
+ Toxoplasmosls = Efavirenz (acute
» Mieptic neuropsychiatric
. - PrmrnyS
i )
maningitis lymphama (E8V) Hmptoms
« Cranial nere 7 PMS toxicity
paksy « Progressive
multifocal = Meuropathy
= Gusillain-Barré leukoencepha- [didanosineg,
syndrome lapathy (PAL) stavuding,
fcital |
Chranic HIV CNS: Global ERRIEL
Infagtion dysfunction = HiV-asfocinned
- ; " RELFGLSCL:
= Distal syrnmeric + CMV encephalitis bt aes
E L CHE: Meningitis yndime
= Vacuclar c : [eravuctine)
= Cryplococca
Agelupathy meningitis Immune
« Neurocoghitve recanstitution
disoidars/ PNS inflammatory
demantla - CMV radiculitis A e

Abbdenationi: TNV sytamegalovirud: CHE centaal iervdial systaem: EBVE Epstain.
Baar wiras: RIS fmmune reconstitution inflarmmanory syndrome:; PAML progressive
multifocal lsukoence phalapstby: PNS: penphers nervous ipvbem

HIV Seroconversion Syndromes Involving the
Mervous System

Shortly after HIV infection at the time of seroconversion, the
patient may experience a flu-like illness. Neurologic manifes-
tations of HIV seroconversion can occur simultaneously with
or independently of this flu-like syndrome. The three most
common neurclogic manifestations of HIV seroconversion
are:

« Aseplic meningitis
= Guillain-Barré syndrome
« Unilateral or bilateral cranial nerve 7 palsies

The aseptic meningitis of HIV seroconversion is char-
acterized by headache and neck stiffness, and the CSF shows
moderate protein elevation (typically <100 mgfdl) and mild
Iymphocytic pleocytosis (typically <30 cells/ul) with nor-
mal glucose {a typical viral patern).

The Guillain-Barré syndrome of acute HIV seroconver-
sion clinically resembles classic Guillain-Barré syndrome, but
the CSF will demonstrate a lymphocytic pleocytosis (although
generally <50 cellsful.), distinguishing it from postinfectious
Cuillain-Barre syndrome (in which there are generally fewer
or no cells).

The diagnosis and differential dingnosis of cranial nerve
7 palsy is discussed in Chapter 13 (see “Lower Motor Neuron
Facial Weakness”).

1t should be noted thint since these three syndromes occur
at the time of seroconversion, there will not yet be antibodies
to HIV, and o the antibody test will be negative. IF suspicion
is high for HIV seroconversion, viral load should be obtained.



Neurologic Complications of Advanced HIV
Infection
Newralogic complications of advanced HIV infection include

« Meuropathy
« Dementia
« Vacuolar myelopathy

HiV-asseciated distal symmetric neurcpathy—HIY can
cause various different types of neuropathy. The most common
is a symmetric length-dependent distal sensory polyneurapa-
thy. Painful small fiber neuropathy, mononeuritis multiplex,
rré syndrome can also occur. The differential
associated distal symmetric polyneuropathy
iiretroviral treatment-associated neuropathy
ral-Associated Neuropathy™ below).,

and Guillal

[see “An

HIV  dementlc and  HiV-associated neurocognitive
disorders—HIV dementia is the extreme condition ina spec-
trum ol neurocognitinve disorders observed in HIV l."n'llit'l'lfi
referred 1o as HIV-associated neurocognilive disorders
(HAMD). HIV dementia is characterized by severe cogmitive
deficits ofien accompanied by incontinence and symmel-
ic motor deficits, with MRI evidence of atrophy and diffuse
white matter abnormalities. The incidence of HIV dementia
has decreased with widespread use of antiretraviral therapy,
but minor cognitive impairment and asymptomatic/subclini-
cal cognitive impairment (e, noted only during neuropsy-
chological testing) are not uncommon, The time course of
hese cognitive changes is chronic and slowly progressive in
comparison to the acuity of Clbgti!.ll"c'l." changes seen in NS
opportunistic infections (see “Opportunistic Infections of the
Mervous System in HIV/AIDS® below).
HiV-associated vacuolar myelopathy—]Just as AIDS may
cause progressive cerebral dysfunction, progressive myelopa-
thy may also occur, referred to as HIV-associated vacuolar
myelopathy, The clinical syndrome is a slowly progressive
myelopathy, most commonly thoracic, and typically without
back pain. The chronic time course and absence of back pain
distinguish vacuolar myelopathy from most infectious myelit-
ides that can present more acutely in HIV patients, with the
exception of HTLV -1 (trapical spastic paraparesis), which can
present insidiously as does vacuolar myelopathy.

Opportunistic Infections of the Nervous

System in HIV/AIDS

Opportunistic infections in patients with HIV can affect any

level of the nervous system:

« Meningitis can be caused by Crplococeus

. Encephalitis can be caused by CMY

. Focal brain lesions can be caused by toxoplasmaosis, JC virus
(PML), and primary CNS lymphoma (an apportunistic
malignancy arising from EBY infection in immunocom-
promised patients)
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= Myclitis can be caused by CMV, VZV, HSV, HTLV-1
= Radiculitis can be capsed by CMV

e ——
keits in HIV-infected patients depends in
part en the CD4 count. Cryptococcal meningitis and PML are
only seen in patienis with CD4 count =200 cellsimm’, 1oxo-
pl:l!l:llﬂsis and primary CNS lymphoma with CD4 =100 cells!
mm’, and CMV encephalitis and radiculitis are only seen in
patients with a CD4 count <50 cellsfmm®, Glabal (‘nc;_‘-phn_lq}p.
athy in an HIV-positive patient with a low CD4 count could
be due 1o CMV encephalitls, cryptococeal meningitis, or HIV
dementia, An encephalopathy may also be seen if there is a
high burden of primary CHS lymphoma or toxoplasmosis
lesions, although focal signs are generally seen as well. Focal
neuralogic signs/symptoms are characteristic of toxoplasmo-
sis, primary CNS lymphoma, and PML. Although PML can
casily be distinguished from the other two by neuroimaging
(see “Viral Focal Brain Lesions" above), toxoplasmosis and
primary CHS lymphoma may be difficult to distinguish (see
“Toxoplasmosis™ above for further discussion).

Antiretroviral Treatment-Related
Complications

Antiretroviral treatment complications fall into two broad
categories: direct neurctoxicity of the antiretroviral medica-
tions themselves and immune reconstitution inflammatory
syndrome (IRIS).

Meurotoxicity of Antiretrovirals
Meurologic toxicities of antiretrovirals include:

Axonal sensory-predominant peripheral neuropathy cansed
by nucleoside reverse transcriptase inhibitors didanosine,
stavudine, and zalcitabine (mnemonic: Dist(z}al neuropa-
thy in HIV can be caused by didanosine, stavudine, and
zalcitabine)

HIV-associated neuromuscular weakness syndrome
(HANWS) associated with stavudine

Acute neuropsychiatric symptoms with efavirenz

Antiretroviral-associated neuropathy—Antirelroviral-
associated neuropathy emerges within weeks to up 1o a fiow
months after initiation ofantiretroviral treatment with didan-
osine, stavudine, or zalcitabine. Onset is generally more rapid
than in HIV-associated neuropathy, and generally requires a
change in antiretrovical regimen to prevent further progres-
sion of neuropathy. As with many drug-induced nearopa-
thies, the neuropathy may initially worsen after removal of

the offending drug before improving, a phenomenon called
“eoasting.”

HiV-associated neuromuscular weakness syndrome—
HIV-associated  newromuscular weakness syndrome
(HANWS) is a syndrome of diffuse exiremily weakness
accompanied by nausea/vomiting. lactic acidosis, andfor
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hepatomegaly that comes on subacutely within days to weeks
after starting (or stopping) stavadine.

Immune Reconstitution Inflammatory

Syndrome (IRIS)

Immune reconstiution inflammatory syndrome (IRIS) is a
clinical deterioration that can occur when:the immune system
is reconstituted (e.g., patient with HIV after initiation of antiret-
roviral therapy). IRIS can be due to a fulminant response of the
immune syitem against an existing active opportunistic infec-
tion, against an undiagnosed subclinical infection. or against
HIV itseff. The principal rsk factors for development of 1RIS
are the patient's lowest €4 count (nadir) and the rapidity with
which the CD4 count rises affer initiation of antiretroviral ther-
apv. IRIS can be prevented ifamtiretrovirals are initiated belore
the CID4 count falls too low, bul some patients may present ini-
tially with a low CD4 count or develop a low CD4 count afier
o period of nonadherence with treatment. A clinical dilemima
ooours when a patient’s initial presentation of HIV infection is
with an AIDS-defining opportunistic infection. such that initi-
ating antiretrovirals inereases the risk of provoking IRIS against
the active infection. For many CNS opportunistic infections,
it is recommended that the opportunistic infection be treated
before initiation of antiretrovirals o as to prevent IRIS. IFIRIS
occurs, itis generally treated with steroids.
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This chapter focuses on the following central nervous system
demyelinating diseases:
» Multiple sclerosis (M5)
Meuromyelitis optica (NMO)
« Acute disseminated encephalomyelitis (ADEM)
« Optic neuritis
« Transverse myelitis

Optic newritis and transverse myelitis may be caused by a pri-
mary central nervous system (CHS) demyelinating disease
(e, M5, NMOY), systemic autoimmune disease, or MY OCCur
in the setting of infection, following infection, or as paranéo-
plastic conditions.

Demyelinating diseases of the peripheral nervous system
(e.g., acute inflammatory demyelinating polyradiculoneurop-
athy [AIDP] and chronic inflammatory demyelinating poly-
radiculoneuropathy [CIDP]) are discussed in Chapler 27.

MULTIPLE SCLEROSIS

Clinical Features of Multiple Sclerosis

Multiple sclerosis (MS) is a demyelinating disease of the
CHNS that occurs more commonly in young women and is
more prevalent further from the equater. In its most conm-
mon clinical course, patients have multiple flares of symp-
toams at multiple time points. and' recover from these attacks
to varying degrees (relapsing-remitting M5} Later in the
discase, patients with a relapsing-remitting course may enter
a periad of progressive decline, a scenario referred to as sec-
ondary progressive M5, Primary progressive M5 is the least

G GH-A: P ST B R
NEUROMYELITIS OPTICA
ACUTE DISSEMINATED ENCEPHALOMYELITIS
OPTIC NEURITIS
TRANSVERSE MYELITIS

common clinical phenotype of M5, and is typically a spinal
cord predominant illness with steady clinical decline from the
time of onsct rather than relapses and remissions. Even more
rarcly, the disease may present fulminantly with large tumor-
like lesions (Marburg variant, tumefactive demyelination.
or Balo's concentric sclerosis).

Flares of MS present as focal neurologic deficits that
emerge and evolve over hours to days and usually resolve
completely or near completely in subsequent days to weeks.
Deficits are referable to central nervous system sites (brain,
brainstem, optic nerve, cerebellum, andfor spinal cord) and
can include a region of paresthesias and/or weakness, diplo-
pia (due to disruption of ocular-motor white matter tracts in
the brainstem), vertizgo (due to demyelination of the cranial
nerve 8 entry zone or in the cerebellum), optic neuritis, trans-
verse myelitis, ataxia, and/or teigeminal neuralgia. Trigeminal
neuralgia occurs due to demyelination at the trigeminal entry
zone inthe pons (the nerve itsellis peripheral; see “Trigeminal
Meuralgia® in Chapter 13). Although M5 is not a common
cause of trigeminal neuralgia, unilateral or bilateral trigemi-
nal neuralgia in a voung patient should lead to consideration
of and evaluation for M35,

Between flares of M5, the accumulation of subclinical
lesions may cause cognitive symploms, neuropsychiatrie
symptoms, and/or fatigue, but progression of focal neuro-
logic deficits between attacks is uncommon in relapsing-
remitting Mb. On newrologic examination, patients often
demonstrate upper molor neuron signs on examination
(e.g., hyperreflexia, clonus, Babinski's signfs]) even outside
of regions of new or prior clinical symptoms due o subcling-
cal lesions that have caused THS damage without having
caused clinical tlares,

223
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Other classic symptoms and signs of M5 include:

Uthoff's phenomenon: recurrence or emergence of neuro-
logic symptoms with heat {due 1o environmental tempera-
ture in the summer. hot bath, or exercise),

L'hermitte's s
forward flexion of
cervical myelopathy and is not specific 1o M3

electrical sensation down the spine with

Internuciear ophth n]mnphgu (IN0} due 10 disruption of
tudinal fasc

a i Ch

the medial lo wles (MLF) (zee " Internuclear

Ophthalmopleg

ter 11).

Afferent pupillary defect due to prior optic neuritis. An

afferent pupillary def
who have not had a clear ¢li
sillary: Const

may be ]."‘Fl.'hr.'l'll EVETE I ]‘ﬂl'l.'ﬂl."

E1.'|"!.<-.u.|"_‘n.l: aptic neuritis

riction- Due to a Lesion of

{see “lmpa
Cranial Nerve 2

0% IMNECrs - { riE. £ | Wi C eS0T

the neck. This can ocour in any type of

common. In the spinal cord, M3 lesions are typically small and
peripherally located (Fig. 21-2) (as compared tothe longitudi-
mally extensive lesions of neuromyvelitis optica, see " Meuromy-
elitis Optica™ below and Fig. 21-3].

Other causes of subcortical white matter lesions include
chronic microvascular white matter changes, leukodystrophics
(zee Ch. 31), CN5 vasculitis, demyelinating lesions in sys-
temic autoimmune disease (e.g. Sjogren’s syndrome), and

ADASIL (cerebral autosomal dominant :'|r:|.'1i|1jr.|.l|!‘..' with
subcortical infarcts and leukocencephalopathy; see “Cere-
bral Autosomal Dominant Arteriopathy With Subcortical
Infarcts and Leukocencephalopathy (CADASIL) and Cere-
bral Autosomal Recessive Arteriopathy With Subcortical
Infarcts and Leukocencephalopathy (CARASIL)" in Chapter
19} However, in most cases the clinical context in these enti
ties is distinct from that of a patient with M35

Previously, multiple clinical attacks “disseminated in
space and time” were required for dizggnosis of M5 Now,
the ability of MEI to détermine the presence of both acute

(enhancing) and chronic {non-enhancing) evidence of demy-
elination on allows for the diagnosis of MS to be made at the
time of an initial attack with accompanving MEID features
demonstrating dissemination in space and time. Accordi
the 2010 McDonald Criteria (Poliman et al., 2001):

» Dissemination in space is demonstrated clinically by his-
tory of two or more clinical demyelinating events afln.dn'l]..
two different sites, or by MRI by demonstrating a1 least
one lesion in two of the following four regions of the CHS:
periventricular, juxtacortical, infratentorial, or spinal cord.

Dissemination in time ruqui:c.ﬁ W OF more \'|i.:'|i|.':l[ .'ll:l..’u_'ks.
a new lesion on MRI compared to a prior MRI, or can even
e demonstrated on a single MRI if there are both enhanc-
ing {acute) and nonenhancing (nonacute) lesions,

FIGURE 21-1 MRI of brain lesions in muitiple sclerosis. Axial (A} and sagittal (B) FLAIR MRI demonstrating periventricular hyperintensities

ariented perpendicular to the ventricles [Dawion’s fingers)
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1Rl of spinal cord lestons in multiple sclerosis. Sagittal (A} and axial {B) T2-welghted MRI demonstrating a small,
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' Isolated Syndrome

Vhen a patient presents with a first demyelinating event typi

Lof MS (e il .s-}'-‘_!._ neuritis, iransverse myelitis, or another

gaestive imaging correlate), this is
Iy isolated syndrome (CIS), Patients present-
ng with CI5 will of course want to know whether they have

risk of a,'.u_'l'u,'ll'-plll!.; the disease is in

with 51

first

L Oof oplic neuntis or transverse I|'|'\~'n_'|ili‘-. the risk of future

deve of MS is bwo to three times lower than if there

S pmCy

are characteristic lesions on MRI, but is still in the range of

| (depending on the presenting syndrome; see “Optic
Meuritis” and "Transverse Myelitis” below).

If dissemination in space and time can be proven by
MRI at the time of a first attack, then the diagnosis of MS
can be made by McDonald Criteria (Polman et al, 2001)
| such E"“I:I. nts with

Some practitioners advocate treating
diseaze-modifving therapy. Other practitioners individual-
iz¢ treatments based on the clinical picture and apparent
lesion burden on MREI, |ri|'.5; SOITIE E\.'lli-.'|1l..i. whio appear
ghest risk, while following

sthers closely clini-

to have the |
cally and with serial imaging studies. Based on evidence that
vitamin D deficiency may be associated with an increased risk
of the development of M5, many practitioners initiate vitamin
I -‘:.-.]1|1|1_-|_:1¢'||E,|,:||sr': in |'l.|.l:i1.'_'|:'|1.'i with CIS,

If patients with CI5 do not meet ..'|i!'|i|.'.|.i-I'.I.|.1i|:-||:|g|( Cri-
teria for M5, some practitioners eélect o look for ancillary

i the cervical spinal cord (compare ta longitudinally exténsive lesion in neuromyelitis opticain Fig. 21=3L

Oligoclonal Bands

The presence of oligoclonal bands in the CSE that are not pres-
ent in the serum indicates intrathecal 1pG synthesis. CSF aligo
clonal bands are present in the large mojority of patients with
M35, but are :|1¢-|1npx'rlt:...' and can be seen in CNS infections and
other CNS inflammatory conditions. [f oligoclonal bands are
present in a patient with CI5, this does increase the risk of future
development of M5, but not more so than MR findings. Use of
oligoclonal bands for diagnosis in MS has diminished with the

advent of MRI criteria, but may be usetul in cases of patients
in whom the disease is suspected but clinical-radiologic criteria
are not met. However, whether or not a patient with CIS and
normal MR \\'!1“ is fotind to have CSE |1|;i.'=_'|-;_|\_'ll.1:|'|..'|'| bands should
imitiate treatment or just be followed with serial imaging is an

red dlecision

individu

Visual Evoked Potentials

Vizual evoked potentials (VEPs) examine a particular EEG
of vizual stimulation (P00 o evaluate conduction along the
visual pathway. If the latency of PIOD between the two eyes
is significanthy different, this suggests slowed conduction in
one oplic nerve, a sign of optic nerve dysfunction. In cases of
passible MS, abnormal VEP2 can sugrest prior oplic neuritis.
The optic nerve can also be examined by optical coherence
tomography to look for prior damage to the nerve,

Radiologically Isolated Syndrome

evidence that could support increased risk for subsequent Oceasionally, an MR performed for another reason (eg.,
headache) may demonstrate what appears to be a “textbook™

appearance of M3, but the patient has had no elinical attacks

development of MS such as cerebrospinal fuid (CSE) olipo-
clonal bands ar visual evoked potentials,
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and has a normal neurologic examination, This is called radio-
logically isolated syndrome (RIS). Such patients should be
evaluated for other evidence of possible MS (e, spinal cord
lesions on MEL oligoclonal bands) and other causes of CNS
white matter disease (eg. svstemic intlammatory disorders,
cerebrovascular disease). However, this evaluation is com-
monly unremarkable. Evenif ancillary laboratory or rudiologic
evidence suggestive of M3 is discovered. it'is unclear how this
should be interpreted if the patient has no clinical history sug-
gestive of demyelinating disease. Therefore, such patients are
tvpically followed clinically and with serial imaging. About
one third of patients with RIS will eventually develop MS and
have presumably been discovered in the preclinical stage, while
miany appear never to develop any clinical features of the dis-
edse. Az in patients with a clinically isolated syndrome, many
practitioneérs initiate empiric vitamin D supplementation in
patients with RIS

Fulminant Demyelinating Disease

Rarely, fulminant demvelination can occur as a first attack
of M5, in a patient with established M3, or as an isolated
ant M5, tumefac-

tive demvelination, and Balo’s concentric sclerosis are names

demyelinating phenomenon.: Marburg va

pathologic appearances
reult 1o distinguizh from
the CNS (e,

necessary for diagnosis. IF steroids are ineffective in treating
fulminant demyelination, patients may be treated with [VIg
or plazma cxchange. IF these are ineffective, cyclophospha-
mide andfor rituximab may be considered.

Treatment of Multiple Sclerosis

Acute Treatment of Flares of Multiple Sclerosis
Acute attacks of demyelination are typically treated with a
3-5 day course of IV methyprednisolone. This treatment is
utilized whether it is the Arst attack (clinically tsolated syn-
drome) or if the attack ocours in a patient with known M35,

Long-term Treatment of Relapsing-Remitting M5
The goal of disease-modifying treatment for relapsing-remit-
ting M3 is to reduce the risk of flares and slow the progres-
sion of disability. The number of medications found to be
effective toward these endpoints for relapsing-remitiing MS
continues to increase (Table 21-1). However, there are lumn-
ited data to guide decision-making with respect 1o choices
between agents or change from one therapy 1o another.

The agents in longest use for relapsing-remitting MS
are the injectable treatments interferon beta and glatiramer
acetate. Their long-term safety is well-established and the side
effects are generally tolerable, so many practitioners use these
as first-line agents. However, many practitioners now offer the

ptical. Biopsy is  option of an oral agent (teriflunomide, fingolimod, dimethyl
WBLE 27-1 cCommonly Used Treatments for Relapsing-Remitting Multiple Sclerosis.
Made of Administration Side Effects/Toxicities Maonitaring Mechanism
Interfercn beta T Flulike syndrome CBC Diverse immunomaodulatony
rastusCulan mnjecinn = effects
Injeclion Site réaction LFTs
Depression
Leukapenia
Hipatotoxicity
Glatiramer acetato Subcutaneoul njectEon Injection sité reaction Mone Multiple effects on T cells
Flushing/anxiety with
INPEELIGN May coour
Ciethyl fumarate Gral (daily) Flushing CBC Diverse immunamodulatony
Gl symptoms effects
Fingolimod Oval (dally) Bradycardia CardHac monitoning Sphingosine recepior
with first doso madulator — decreases
Mizcula
acular edema Oebaimoogi: migration of ymphocytes
Increased risk of Vv from lymph nodes
infection
Terilunomide Ciral [daily) Hepatotosicity LFTs Blocks pyrimidine synthesis
P = diocreases divishon of
reqrancy Coledgony X inflammatory cells
Hatalizumab I infuskon (monthiyl Inereased risk of PML JE wirus antibody Monoclonal antibody
(second-line agent) every &months HIMANEL L Inegin, decreases

lymiphacyte entry Into CHS

Abbsevations CBC complete blood conant; CNS: central nervous system; LFTs: fi

e Tunsgticn Beaks; PML: progressive multilocs) t-:uhmupluhopuhy;v.{'.':m.cﬁlu TOLier vins.
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wate) to patients with a new diagnosis of MS. Compara-
i

¢ eflicacy is hard to gauge based on differing trial designs,
but either injectables or oral agents are likely reasonable

lirst-line options depending on a patient’s comorbidities. No
therapy reduces the relapse rate to zero, so judging the suc-
cess of therapy can be challenging since patients on any agent
wottld still be expected to have relapses and development of
| MEls. Ifa patient is thought to have an

rate ol |u}::|'-m_' anddor .\.ié;rﬁir‘h':!l'll INCreRss i

NewW IESI0NS N SErt

1 follow-up neuroimaging on one medication,

medication is often made

s and adverse reactions of which 1o be

r edema with Ii.l:'q';l.:lE:ln‘.l..l-.L Base

(ECG) and cardiac I:11I5I:1I|.':Prlll:-\._!_

first dose (due to risk of Arst-dose
ation and

ophthalmoelogic monitoring are also

line ophthalmologic exan

-picity of teriflunomide (preg

Liver function monitoring is :1:1|l:;|'<:t|.

ing o conceive require elimination of

{e with cholestvramine,

gressive multitocal ir-.lki||'l'|a_'¢.'p'n.llﬂp.ﬂh‘_,' (PMELY with

nab (and less commonly with Angolimod and
vl fumarate). PML is an opportunistic CNS viral
infection caused by the JC virus (see “Viral Focal Brain

Lesions™ in Ch, 20). The risk of developing PML with natali

b treatment is related to three faclors:

Whether the patient has antibodies to the JC virus
Whether the patiemt has received prior immunosuppres-
sivie ther APy

v of treatment with natalizumaly beyond 2 years

Any patient being considered for natalizumab: treat-
ent must be screened for serum ]G virus antibodies.
In patients who are not found to have JC virus antibod
ies, the risk of developing PML is exceedingly low (about

in 10,000 [(.019%)] even afier 2 vears of treatment), and
this risk remains low even if the patient has received prior
I:|'|'||'|'||.|.11|:-'\l.'.]lpl'l.'.‘.\i'.'{ I]]L':’.li'lf.' {=2.5n 1,000 ':u.lu:_&':-"éugl [|:"I
and Rudick, 2012). In patients wheo are JC virus antibody
positive, risk of PML after 2 years of treatment increases
about 40-fold to approximatelyt 40 per 10,000 (0.4%), and
nt’s risk would

with prio: I1'||!'I'I;IIE(I\1I|,fl]'ll'1'\:iil.:l|'| such a P
ly triple beyond that to over 100 per DOVOO (1%6) [Fox
and Rudick, 2012), Given these risks, JC virus antibody-
negative paticnts on natalizumab therapy must be screened
[ar 'L TR IES ;‘llt'l:l!'ll)d!.' CVEry 6 months to L"'l\.';_'llli..‘lh: for 210
conversion, [fPML develops during natalizumab treatment,
natalizumab is discontinued, and plasna exchange is nsed
Lo remove natalizumaly.

ne

MS therapics should be dizcontinued Prior o concep-
tion in women seeking o become pregnant (thouwgh' some
practitioners continue glatiramer acetate during pregnancy).

L
=

Treatment of Progressive Multiple Sclerosis
Evidence is limited and inconclusive for the optimal treatment
ofboth primary progressive M5 and secondary progressive M5,
sa treatment is larpely supporiive. However, some practitioners
treat patients with progressive M5 with rituximab, methotrex
ate, steroids, cyclophosphamide, or mitoxantrone (mitoxan-
trane is rarely used due to cardiac toxicity):

Symptomatic Management in Multiple Sclerosis
Imaddition 1o trying to modify the disease course of M5, many
symptoms of M5 can be effectively treated:

« Fatigue: amantadine, modafinil

Gt dalfampradine {contramdicated if seizures or reral failure)

-

spasticity: baclofen, tizanidine, botulinum (oxin

1

Bladder dysfunction: anticholinergics (e.g. oxvbutynind,

alpha-blockers (e.g.. terazosin)

Depression: psychiatric/ psychalogical care, selective sera-

tonin reuptake inhibitors (35R0s)

NEUROMYELITIS OPTICA

Neuromyelitis optica (NMO or Devic's discase] is a demy-
elinating disease of the CNS associoted with an antibody

against aquaporin-4. The disease predominantly affects the
optic nerves and the spinal cord: as the name suggests. These
regions may be affected simultaneously at presentation or in
sequential attacks on one or both optic nerves and the -\.]'I1I'|.||.
cord. The myelitis is distinct from that seen in M5 i that it is
h111_|\_:||:_1-;||:'|,|||:.' extenzive: usually longer than three spinal cord
levels (Fig. 21-3).

FIGURE 21-3 Mmnlof spinal cord lesion in neuromyelitis
optica. Sagittal T2 weighted MR demonstrating longitudinally
extensive hyperintense lesion spanning more than three levels of the
cenvical spine in a patient with neurcmyelitis optica.
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Although the optic nerves and spinal cord are the main
shtes of involvement in NMO, lesions in the brain are common
as well. These are less often symptomatic than in M5, and often
differ in location and appearance compared 1o the classic loca-
tions in MS. Lesions in NMO may be found in the hypothala-
mus, around the fourth ventricle, and, in rare cazes, may form
large coniluent lesions. Lesions around the fourth ventricle can
cause hiccups, nausea, and/or vomiting. which may be the first
presentation of the disease in some cases. Although women are
more commonly affected than men (similar to M3}, the geo-
graphic distribution in NMO is uniform (as apposed to the
latitude gradient seen in M5). In patients of Asian and African
origin, NMO may be more common than MS.

NMO-IgG (anti-aquaporin-d antibady) is highly sensi-
tive anil specific for the disease. Serum NMO-IgG should be
part of the evaluation of atvpical white mater lesions in the
brain. brainstem, andfor spinal cord, since the specificity of
the antibody is expanding the spectrum of what is considered
NMO (and may even be pasitive in patients with brain lesions
who have neither myelilis nor opiic newritis),

Olipoclonal bands are less commonly present in NMO
compared to M5, The CSF is usually inflammatory, and a lym-
phecytic pleocytosis is common

When lupus or Sjogren’s syndrome causes a mvelitis

it also tends o be longitudinally extensive. The majority of

Jupus or Sidgren’s syndrome who develop longi-
sive fransverse myelitis are positive for NMO-
= NAMO in addition 1o the underlying

| with steroids. Plasma
umide may be considered for ful-
spond to steroids. Long-term
o reduce the risk of subsequent

i rituximab, azathioprine, or

A comparison of the features of MS and NMO s pre-
sented in Table 21-2

ACUTE DISSEMINATED
ENCEPHALOMYELITIS

Acute disseminated encephalomyelitis (ADEMY) is a multifo-
cal CNS demyelinating syndrome more common in children
and young adults. ADEM can be thought of as the CNS ana-
logue to Guillain-Barré syndrome in the peripheral nervous
system: both are acute inflammatory conditions commonly
preceded by infection or vaccination. Given the multifocal
nature of brain lesions in ADEM, the patient can have mul-
tifocal newrologic deficits andfor an encephalopathy. The
neurcimaging pattern consists of multifocal large T2 hyper-
intensities in the white matter that may have an incomplete
ring of contrast enhancement (Fig. 21-4). C5F is inflamma-
tory with elevated protein and a mild lymphocytic pleocytosis,
CSF oligoclonal bands may be present, and do not necessarily
predict futwre development of MS since they can be seen in
isolated monophasic ADEM.

Treatment of ADEM is with IV steroids. 1V1g or plasma
exchange may be conzidered in severe cases that do not
respond to steroids. Most patients recover entirely. Rarely,
ADEM represents a fulminant first presentation of MS.
Most patients undergo newroimaging 6-12 maonths after
presentation to evaluate for any new lesions to suggest the
development of M5, The disease may continue to evolve
radiographically over the first few months, and the emergence
of new radiographic lesions in the short-term can still be seen
in what ultimately turns out to be a monophasic course of the

illness,
A fulminant hemaorrhagic variant of ADEM known. as
Weston-Hurst syndrome can be fatal.

1=2 Summary of Differences Between Multiple Sclerosis and Neuromyelitis Optica,

Heuromyelitis Optica (NMO)

TABLE 2
Multiple Sclerosis (M5)
Geographlc distribution Mare common further from the equator
Female predeminance You
MR findings:
Periventricular lesians Adpacent 1o lateral ventriches
Spinal cord lesions Srmall, radially oeiented
Oligeclonal bands Common
Dizgase course Relapsing remitting
Primary progressive
Secondsty progrésive
Treatment Acute: Stnoids

Chronic: See Table 21-1

Ho particular geagraphic distribution, but NMO s more
commaon than M5 in patients of African and Asian arigin

Yo

Adgacent 10 third and fourth ventricles
Longitwdinally extensive

Uncamimion

Hearly abways ndapsing

Acute: Steroids

Chronkc: Immunomadulatony theraples inctuding rituxima
azathioprine, and mycophenolate maleril e o
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MRl in acute disseminated encephalomyaelitis (ADEM]. A: Axial FLAIR image showing multiple large hyperintensities in

L& pervaniricubar w

welghted image

PTIC NEURITIS

Optic newritis is inflammation of the optic nerve. It pres-
nts with painful viswal loss over days. It is most commonly
mblateral, although it can oceur bilaterally. The pain is typi-

cally worse when the patient moves the affected eye. On
samination, decreased acuity, decreased color vision, and

an afferent pupillary defect may be observed (see "Impaired

Pupillary Constriction Due to a Lesion of Cranial Nerve 2°
n Chapter 10). Although an inflamed optic nerve head on

fundoscopy confirms the diagnosis in the appropriate clini-

cal context, inflammation of the optic nerve may be retrobul
bar with no visible abnormality of the aptic nerve head itself.

Optic nerve enhancement can often be seen on contrast-

enhanced MRI of the orbit.

The time course of optic nerve dysfunction is key to
the differential diagnosis: A more insidious progression of
monocular visual loss may suggest a mass lesion (e.g., optic
nerve glioma, optic nerve sheath meningioma), whereas a
ore acile presentalion may suggest a vascular etiology {e.g.,
ischemic optic neuropathy) (see “Monocular Visual Loss™ in
Chapter 6).

Although optic neuritis is commonly associated with M5
and NMO, other potential etiologies include:

« Systemic inflammatory disease (e.g., sarcoid, lupus)

« Infections (e.g., Barfonella, syphilis)

« Parancoplastic optic neuritis (associated with antibodics
against CRMP-5 [collapsing response mediator protein 5])

Most patients with optic neuritis recover significantly

over the first 24 weeks, although continued recovery may

occur over subsequent months, Treatment with 1V steroids

leads to quicker recovery but does not change the long-term

outconie with respect to recovery of visual acuily.

hite matter, Note that the lesions in ADEM tend to be larger than those seen in M5 (see Fig. 21-1). B: Axial postcontrast
lemanstrating that the lesions in A exdhibit incomplete (open) rings of enhamcement,

Optic neuritis may be the first “attack™ of M&. Owverall,
15 years after an episode ol optic neuritis, approximately
halfl of patients will develop M3, The risk is strongly mod-
ulated by whether or not there are MRI lesions suggestive
of M5 at the time of optic neuritis. Patients with zero MRI
fesions have a 15-year risk of 25% of developing MS, whereas
patients with one or more MRI lesions have a 15-year risk of
72% of developing M5 (Optic Neuritis Study Group, 2008),
A patient with isolated optic neuritis who does not have MRI
evidence of dissemination in space and time is an example of
a clinically isolated syndrome, the management of which is
discussed above.

If optic meuritis ocours sequentially in one optic nerve
and then the other withina short period of tine, NMMO should
be considered.

TRANSVERSE MYELITIS

Transverse myelitis (TM) refers to inflammation of the spi-

nal cord: Like optic nearitis, TM can occur as an isolated

monophasic condition (i.e., idiopathic, infections, or postin=

fectious), as a fare in a patient with MS or NMO (or as a
clinteally isolated syndrome), in the setting of systemic auto-
immune disease {eg, lupus, Sj6gren’s syndrome, sarcobd).
or 45 4 paraneoplastic svndrome (antibodies are most com-

monly against CRMPS; see “Parancoplastic Syndromes of
thie Mervous Svstem™in Chapter 24). The presentation is one
of a rapidly evolving myvelopathy that leads tooweakness and
sensory changes in the extremitics and bowel andfor bladder
dysfunction. The clinical presentation may be symmietric or
asymmetric depending on the extent of the lesion. Reflexes
may be decreased or absent initially, but hyperreflexia typi-
cally emerges over tlime.
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The differential diagnosis for myelitis is broad. If onsel
of myelopathic svmpioms is sudden, vascular etiology (spi-
nal infaret or hemorrhage) or acute spinal cord compression
should be considered. Acute-onset myelopathy raises concern
for epidural abscess or schistosomiasis (in endemic regions
or in patients from them) (see “Infections of the Spine” in
Chapter 20). A more subiscute progression of myelopathic
symptoms suggests malignancy, vascular malformation (e.g.,
dural arteriovenous fistula [see “Spinal Dural Arteriovenous
Fistula® in Chapter 19]}, cervical spondylosis. vitamin BI12 or
copper deficiency, radiation-induced myvelopathy (see “Radia-
tion Therapy-Induced Myelopathy™ in Chapter 24); or indo-
lent infection {e.g., vacuolar myvelopathy of HIV/AIDS, HTEV-1,
tuberculosiz of the spine. syphilis, neurocysticercosis: see
TInfections of the Spine” In Chapter 19). (5ee also "Causes of
Myelopathy” in Chapter 5.}

The main localization-based differential diagnosis for

transverse mvelitis i3 Guillain-Barré syndrome (GBS) (s2e
“Guillain-Barré syndrome” in Chapter 27). since both -may
cause hyporefiexin' or areflésia in the acute setting {(upper
motor neuron signs lake time (0 emerge aftér acute pinal
cord insult). Bowelfbladder dysfunction is extremely uncom-
mon in GBS, but Is common in transverse mvelitis, A spinal
level to pinprick is commonin transverse myelitis but would
be atvpical in GBS. although confluent =ensory loss in GBS
may make it difficult to determine il a spinal level is pres-
enl. Continued progression of symptoms-in the legs with
no symiploms or sighs in the arms would make a-lumbar or
> spinal lesion more ::k:.'lf.' than GBS, An acute cervi
cal myelopathy (e, cervicil transverse myvelitis or epidural
abscess) may be hirder to distinguish from GBS in the acute
MRED of the spine should be periormed in any case of
fed myelopathy.
BRI in transverse myelitis will generally reveal - a
F2-hyperintense spinal cord lesion that may enhance. If the
leston b+ longitudinally extensive (>3 levels). evaluation for
MM, lupas, and Sidgren’s ssndrome should be pursued.

Lumbar puncture in inflammatory transverse: myveli-
Iy reveals a nonspecific inflammatory pattern:

ths 1ypic

elevated protein and a mild pleocytosis (usuvally lympho-
evtic). A significant pleocytosis (=100 cells) should raise
concern for an infections myelitis.

It there is no antecedent history of infection or vac-
cination, the question emerges as to whether an episode of
transverse myelitis represents the “first attack™ of MS (ie. a
clinieally isolated syndrome). As with optic newritis, if there
are brain MRI lesions suggestive of M3, the risk of conversion
to M5 is far higher than if there are no such lesions (0% vs
approximately 10%) (5cott et al, 2001). Transverse myelitis
associated with later conversion to MS is typically less severe,
with spinal cord lesions that only partially transect the axial
diameter of the cord rather than a full-thickness transverse
lesion. Post-infectious or infectious myelitis and NMO are
typically more severe and the lesions are typically more fully
transverse. I oligoclonal bands are present in a patient with
transverse myelitis, this is also predictive of later development
of M5, As with optic neuritis and elinically isolated syndrome
in general, decisions must be individualized about whether or
not 1o begin treatment to reduce the risk of further atacks
when comcern for MS is high in a patient with isolated trans-
verse myelitis.

Treatment of immune-mediatedfidiopathic transverss
myelitis is with IV steroids, Plasma exchange may be consid-
ered in severe cases.
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APPROACH TO ALTERED COGNITION

When ASSERSINE patients with acute or chronic changcs N Cog-
nition, two interrelated questions should be pursued during
the history and examination:

Is the presentation focal or global?
Is the problem arising from primary brain pathology or a
aystemic process that is affecting the brain?

Focal deficits suggest focal brain pathology (eg., stroke,
iumor, abscess), although focal findings can occur with sys-
temic disease in the absence of focal central nervous system
patholegy (e.g., focal seizures or hemichorea caused by hyper-
glycemia or aphasia caused by cefepime toxicity). Global
dysfunction is generally due to systemic pathology affecting
the brain, altheugh diffuse intrinsic brain pathology can also
cause a global encephalopathy (e.g., multiple strokes, multiple
metastases, a diffuse infiltrating malignant lesion, acute dis-
seminated encephalomyelitis).

Focal cognitive deficits may give the initial misleading
impression that there is a global encephalopathy. Examples of
focal deficits that can initially appear to be global encepha-
lopathic states unless examined in detail include Wernicke's
aphasia producing lack of comprehension and abnormal
speech, and transient global amnesia causing isoloted short-
term memory impairment. On the other hand, global cogni-
tive dysfunction may make it challenging to elicit coexisting
focal deficits on examination since a core lfeature of global
cognitive dysfunction is inattention, which can make it diffi-
cult bo examine cognitive functions that rely on attention such
as language, memory, and ability o follow commands.

Dementia With Lewy Bodies

Frontotemporal Dementia

Vascular Dementia

Mormal Pressure Hydrocephalus
RAPIDLY PROGRESSIVE DEMENTIA

Creuztfeldt-Jakob Disease

Hashimoto's Encephalopathy

Delicium refers to acute altered mental status {devel-
oping over hours to davs), and dementia refers to chronic
development ol cognitive dystunction {over years). Rapidly
progressive dementia describes subacute development of
cognitive dysfunction {over weeks to months).

DELIRIUM

Delirium is characterized by acute onset of altered men-

tal status with fluctuations in both symptoms and' level af
arousal. Delirium causes a global encephalopathy, with inat-

tention as the core feature. The differential diagnosis for
acutely altered mental status is as broad as the differential

diagnosis for any condition in medicine. Delirium can be
caused by intrinsic brain pathology (sce “Neurologic Causes
of Acutely Altered Mental Stams” below), systemic disease
affegting the brain (e.g.. renal or hepatic failure, systemic
infections, electrolyte disturbances, hypoglycemia or hyper-
glycemina, hyperammonemia, hypothyroidism or hyperthy-
roidism), medications, toxins, drugs, or drug withdrawal.
Primary psvchiatric etiologics may also be causative or con-
tributory. Although new changes in cognition or personality
i patients with psychiatric disease may be due to the under-
lying psychiatric disease, potential reversible medical causes
should be sought.

Patients who are elderly or have baseline neuralogic
dysfunction {e.g.. dementia) are at increased risk of delir-
ium due to any of the above eticlogies (as well as due to the
disorienting environment of the hospital if the patient is
hospitalized).

231
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Neurologic Causes of Acutely Altered
Mental Status

MNeurologic etiologies of acufe-omsct altered menial status
include zeizures, stroke and cerebrovaseular disease, CNS
infections, and transient slobal amnesia.

Seizures as a Cause of Acutely Altered Mental Status
Nonconvulsive seizures can cause alterations in cognition and
level of consciousness ranging from encephalopathy to coma.
Diagnosis of nonconvulsive seizures may require conlinuous
EEG menitoring (see “Nonconvulsive Status Epllepticus” in
Ch. 18). A postictal state following a seizure can also lead to
changes in mental status ranging from confusion to coma. An
unwitnessed seizure with subsequent postictal state should
be considered &5 a potential etiology of altered mental status,
especially in patients who improve spontaneoisly from their
alterad state without anv specific medical intervention.

Stroke and Cerebrovascular Disease as Causes of
Acutely Altered Mental Status

Althe

h -lr- ke as a cause of acute ration in mental sta-

5 ul .]'I:._.\l.!(l.:'l

ocal - Ieatures

e \.Il.ll.{'- due

i
rior Cerebral

o S S oL

division of the

Caln ||,'|'.|.‘:

subdu-

CNS Infections as a Cause of Acutely Altered
Mental Status

'|!||.I|I.i rase concern lor

phalitis, or intracranial abscess {see Ch. 20).

alteration in men

NICCLION Can cause

should be considered in patients with fever and altered mental

status if there is no obvious svstemic source of infection.

Transient Global Amnesia

Transient global amnesia (TGA) is a discrete episode (usu-
ally lasting 12 howrs or less) during which the ability to form
new memories is lost (anterograde amnesia). This inability 1o
torm new memorics leads o repetitive questioning (“Where
am 177, "How did 1 ger here?”) since the short-term memory
buffer is essentially erased every few minutes, Pattents with
TGA may be disoriented with respect 1o time and place and

SUHRE 22=1T MRl intransient g[u-ba! amnesia. Axial diffu-
sion-weighted imaging (DW1) MRI showing a punctate region of
diffusion restriction in the right hippocampus (arrow),

forget events of the preceding day(s) but do not forget their
name or ather personal information. If personal information
is forgotten, this is highly suggestive of a psychogenic etiology
of amnesia (e.g.. fugue state) rather than a neurologic cliology.

A trigger commonly precedes TGA such as an emotionally
intense situation (e.g., stressful event, sexual intercourse), vigor:
ous exercise, or exposure to cold water. TGA is often idiopathic,
but may be the presentation of 2 medial temporal lobe infarct
(PCA territory), and so newroimaging should be performed.
In some patients with TGA, a punctate region of diffusion
restriction can be seen in the hippocampus (Fig. 22-1), leading
some o hypothesize that all TGA s a vascular phenomenon,
although the pathophysiology of the condition is unknown,
\]1|.-.Jl.13h. sefzures can produce betal or postictal amnesia, the
pericad of amnesia with seizures is generally shorter than that
in TGA, and seizures are often recurrent, whereas TGA usually
lasts for hours and only very rarely recurs.

Medical Causes of Acutely Altered Mental
Status

“Toxic-Metabolic” Etiologies of Altered

Mental Status

“Toxic-metabolic” encephalopathy refers to altered mental sta-
tus due o medications, toxins, and/or metabolic abnormalities
(5. uremii, hepatic fatlare), When faced with a case of poten-
tial toxic-metabolic encephalopathy, the consultant neurolo-
gist should try o determine which “toxic® and/for “metabolic”
factor(s) may account for the patient’s altcred state: Does the
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degree of renal or hepatic failure differ significantly from the
patient’s baseline? Fas a potentially deliriogenic medication
been recently added? Has an old medication changed in dose
or could it be reaching toxic levels at its previously tolerated
dose due to new renal or hepatic dysfunction? Applying the
catch-all “toxic-metabolic™ lerm to encephalopathics with-
out careful consideration can lead to premature closure and
sed diagnoses. By thinking critically through any and all
cntial neurologic and svstemic etiologies of altered mental

status, reversible etiologies may be uncovered.
An important example of this is the case of medica-

sdication can cause altered mental status:

15 1 the unique position of having seen and

i medication-induced neurotoxicity from

v rarely cause neurotoxicity. Other prac-

1sed a medication countless times without

ol idde effects, and thus may not associate a par-

the potential to cavse delirium. For example,

T ised antibiotics can rarely cause encepha-

1 cephalosporins (in particular cefepime and

juinolones, macrolides, metronidazole,

attacharyya et al, 2016). Cephalosporin-

ssoctated encephalopathy is often associated with noncon-

sive seizures, fluoroquinolone- and macrolide-associated

‘neephalopathy with hallucinations and psychotic symptoms,

nd metronidazole-associated encephalopathy with araxia

characteristic MRI findings in the cerebellar white matter.

Paticnts who develop alterations in mental status of unclear

diology on any of these medications should generally have

these medications replaced with alternative antibiotics given
the possibility of antibiotic-associated encephalopathy.

lopathy, incly

tazicinme)

isoniazid (

Wernicke's Encephalopathy
Wernicke's l.'i'|-u"|r|1.|.||,:|pu!||.}' 15 |.'h'.'||'.1.|.'t¢‘l'i.:¢1.*1.|. h‘l.' the triad of
encephalopathy, ataxia, and ¢ye movement abnormalities
(nystagmus andfor gaze palsies), and is caused by thiamine
{vitamin B1) deficiency that ocours in the setting of malnutri-
lion (eg. in patients with aleoholism, anorexia, gastric bypass
surgery, or hyperemesis gravidarum). In many cases of
Wernicke's encephalopathy. the complete trind is not present,
requiring a high index of suspicton for the condition. Wernicke's
encephalopathy can be precipitated acutely by giving glucose to
a thiamine-deficient patient without giving thiamine simulta-
necusly. Therefore, thiamine should always be given with glu-
cose infusions in the setting. of acutely altered mental status
tor prevent this complication in patients whose history may be
unknown. Serom thiamine levels take a long time to return and
mity be unreliable, so empirde treatment with intravenous thia-
mine should be provided if there is any concern for Wemicke's
encephalopathy. MRI in Wernicke's encephalopathy can dem-
onstrate signal abnormalities in the mammillary bodies, thala-
s, and around the third and fourth ventricles {Fig. 22-2).
Mot treating Wernicke's encephalopathy can resull in
Korsakof's syndrome, characterized by anterograde amnesia
and confabulation,

FIGURE 22-=2 MRI in Wernicke's encephalopathy. Axial
postcontrast T1-welghted image showing enhancement of the
mamillary Bodies [ariow)

If the cause of acute altered mental status is unclear after
careful review of the patient’s medications and active medical
issues, EEG should be considered to look for non-convulsive
seizures, brain imaging should be considered to look for a
causative lesion, and lumbar punciure should be considered
{if there is concern for CNS infection or inflammation).

DEMENTIA

Dementia is defined as cognilive decline in one or more
domains (e.g., memory, language, attention, visuospatial
processing, social behavior) sufficient to impair independent
daily function.

Causes of Dementia

Insidious onset and gradual progression of cognitive impaie-
ment over months to years may be secondary to neurodegen.
erutive diseases (Aleheimer's disease, dementia with Lewy
bodies. and l'rl.111l:0|.t'n'|pur.1l dementia being the most com-
maonj, chronic cerebrovascular disease (vascular demential,
or due o potentially treatable canses such as:
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= Systemic diseases:

» Metabolic deficiency: vitamin Bi2 deficiency

« Endocrine disease: Hypothyroidism

« Chronic infection: A1DS, syphilis

« (bstructive sleep apnea

Medications, such as psvchotropic medications in older
adults

Toxins, suchas aleohol or drug abuse, heavy metal poisoning
Intracranial pathology, such as tumor, chronic subdural
hematoma, normal pressure hydrocephalus

Psvehiatric disease, such as depression

Neurodegencrative disease is progressive with no disease-
modifving medications. and treatment is limited to symptom-
atic management and supportive care, Therelore, part of the
initial evaluation of patients with dementia 15 1o assess for
auszs. The history should evaluate for

]11_|‘.|:.rt:i..||'|!.' treatable
depression, medication history, and sleep apnea. Examina-
tion should assess for focal findings that might suzgest focal
underlving pathology. Mental status testing should be per-
o assess for the tvpe and extent of impairment(s), for
example with the Mini-Mental State Exammation (MMSE) or
the Montreal Cognitive Assessment (MOCA ),

Frontal release signs muy be present on physical exama-
nation in patients with dementia, but are not universally pres-

same of these signs can be szen In non-demented
s (and occcur normally in-infants as does

. Frontal release skens include:

ient purses the lips when the examiner

e lips

= ‘Snout reflex: the pat

aps at the center of

.-r:|L:|1 reflex: the patient cannot inhibit grasping the exam-

iner's hand of an object when placed Into the patient’s hand.

‘wu.:l reflex: the patient will attempt (o suck any nh_u.-n

uch as a pen) moved toward the mouth.

Rooting reflex: lightly toaching the patient’s cheek causes
the patient to turn the head toward that side,
Palmomental reflex: briskly scratching the patient’s palm
catises i twitch of the ipsilateral chin.

Laboratory  evaluation for dementia  should - include
vitarnin BLL thyroid-stimulating hormone (TSH), and neu-
roimaging (ideally MR, HIV and syphilis testing should be
conswdered in patients with risk factors for these diseases. Meu-
roamaging may reveal an efiology of altered cognition such as
FI'IJJJ}:H.] ney {primary or metastaticl, sitbdural hematoma, nor-
mial pressure hydrocephalus, ora characteristic pattern of atrophy
associated with a panticular neurodegenerative etiology. Formal
neuropsychological testing can help 1o better characterize the
rature and depree of copnitive impairment, which may be helptul
baoth in making a diagnosis and in guiding cognitive therapy.

The core features of the most common dementia syn-
dromes are presented in Talde 22-1, Multiple underlying
pathologies frequently coexist (e.g. Alzheimer's discase and
vascular dementia). Some ask why it is important o distin-
guish between types of dementia clinically/radiologically

when there are currently no specific disease-modilying thera-
pies. A precise diagnosis allows for tailoring of symptomatic
therapy and also aids in discussion of prognosis. In addition.
clinical-radiologic diagnosis is essentinl to characterizing
these diseases in order Lo improve early identification toward
the goal of developing disease-modifying therapies.

Mild Cognitive Impairment

Mild cognitive impairment (MCI) refers to cognitive decline
with preserved ability to function independently. Patients with
M ofien present for evaluation due 1o awareness of their defi-
cits, whereas patients with dementia are commaonly brought for
evaluation by family members and may be less aware of their def-
icits. MCL is estimated to have a risk of progression o dementia
of approximately 10% per year. The most commaon form of MCI
is amnestic MCI in which the patient has fsolated memory loss,
although patients may have deficits in another indavidual cogni-
tive domain or multiple domains. In patients with MCL, there
does not appear 1o be a dear beneht to using the cholinesterase
inhibitors used in patients with Alzheimer's disease (s~ Treat-
ment of Alzheimer's Disease™ below), although some practitio-
mers will consider their use in patients in whom MCH s thought
likely 1o be due to underlving Alzheimer’s pathology.

Alzheimer’s Disease

Clinical Features of Alzheimer’s Disease
Alzheimer's disease (AD) is the most common neurodegen-
erative cause of dementia, In most cases, the first and most
prominent cognitive deficit is in memory, specifically memory
for recent events (episodic memory). Patients may forget to do
things they had planned to do (e.g.. miss appointments), forget
having done something. or forget a conversation. Other symp-
toms that may also be present initially or may emerge as the
disease progresses include getting lost, decreased performance
at work, and word-finding difficulties. The disease progresses
inexorably toward a state of global dementia with patients
generally losing an average of 3 points per year on the MMSE.
Most cases of AD are sporadic, although some are famil-
ial. Familial cases of AD wsually begin at a younger age than
sporadic cases. Inheritance of familial AD 'is autosomal domi-
nint due to mutations in the amyloid precursor protein (APP),
presenilin 1, or presenilin 2 genes that lead o overproduc-
tion of amyloid. Risk of development of Alzheimer's disease
is increased in patients with the g4 allele of apelipoprotein E
{APOE) Patients with Down's syndrome also develop early AD
since amyloid precursor protein is found on chromosome 21,
and so b is present in triplicate in patients with trisomy 21,

Posterior cortical atrophy—In posterior cortical atrophy
falso called the visual varfam of AD), neurodegeneration
oceurs specilically in parieto-occipital regions, leading to
visual cognitive deficits (e.g,, elements of Balint syndrome; see
“Balint syndrome” in Che 6). The underlying pathology is most
commonhy Alzheimer pathology, although posterior cortical
atrophy can also be caused by other types of neurodegenera-
tive pathology.
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A

FIGURE 22-3 Alzheimer's disease. Axial MR ima ges showing marked bilateral hippocampal atrophy (A} and bilateral parietal mone 20

than frontal cortical atrophy (B in a patient with Alzheimer’s disease.

Neurcimaging and Laboratory Features of
Alzheimer's Disease

v demonstrates-bilateral arrophy in medial
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Treatment of Alzheimer’'s Disease

nhibitors (donepexil, rivastipmine, galan-
and the N-methyl-p-aspartate (SMDPA) antagonist
ne may provide modest symptomatic benefin in cog-
nition N patients with ALY Gastrointestinal side effects can
oocur with the cholinesterase inhibitors. A common treat-
ment strategy in patients with AD is 1o use a cholinesierase
inhibitor initially (if tolerated), and 1o add memantine as
patients progress to moderastefsevere dementia. Otherwise,
care of paticnts with AD is supportive.

Dementia With Lewy Bodies

Clinical Features of Dementia With Lewy Bodies
Diementia with Lewy bodies (DLE) is one of the Parkinson-
plus syndromes along with multiple systems atrophy, pro.
gressive supranuclear palsy, and corticobasal degencration
{wee Ch. 23). These are all diseases in which there are parkinsonian

symptoms along with other types of newrologic dysfunction.
In addition o a dementio characterized by initial deficits in
visuospatial and executive function, patients with DLE develop
parkinsonism, visual hallucinations (uswally nonthreaten-
ing hallucinations of people or animals), and fluctuations in
attention and level of arousal. History of rapid eye movement
(REM) sleep behavior disorder is common (as in other syna-
cleinopathies; see “Nonmotor Aspects of Parkinson’s Disease”
in Ch. 23), and neurolepric sensitivity (worsened parkinson-
ism andfor cognition with administration of neuroleptics) and
autonomic dysfunction (orthostasis, constipation, inconti-
nence, sexual dysfunction) are frequently present.

Patients with Parkinsen’s disease (see “Parkinson’s
Disease” in Ch. 23) can develop dementia over the course of
the disease. DLE is generally distinguished from Parkinson's
disease dementia by the following clinical features: patients
with DLE develop symploms and signs of dementia before or
simultaneously with features of parkinsonism (in Parkinson's
disease dementia, parkinsonism wsually precedes dementia by
years), parkinsonism in DLEB is usually symmetric (in Parkin-
son's disease, parkinsonism usually begins asymmetrically),
parkinsonism in DLE is usually less responsive 1o levodopa (or
may nol respond at all} compared 1o patients with Parkingon's
dizease (whose parkinsonism generally responds to levodopa).

Meursimaging Features of Dementia With

Lewy Bodies

“Ihere is no characteristic pattern ol “'P‘h‘,r' o structiural iI'I'IJ];'IﬂE.
i LB, but nuclear imaging may show hypometabolisnhypo-
perfusion in :}u:lpit.ll and h'mp-nmpuricl;.l n_rgi.m; {.;mnpgn_ﬂ 1h]
just wemporaparietal hypometabalismfMypoperfusion in AD).

Treatment of Dementia With Lewy Bodies
As in ALY cholinesterase inhibitors and memantine may be

uselul in symplomatic management of cognitive dysfunction
in DLB. As in the other Parkinson-plus syndromes, there is
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wsnally little or no response lo dopaminergic therapies (in
contrast to Parkinson's discase), but if parkinsonism is a
prominent disabling feature in a patient with DLB, a trial of
levodopa can be considered. Symptomatic treatment can be
considered for mood, REM sleep behavior disorder (clonaz-
epam), and autonomic dysfunction.

Frontotemporal Dementia

Frantotemporal dementia (FTDR) incudes two categories of
dementin syndromes: behavioral varlant FID (bvFTDR) and
Primary progressive .:]'l|1:l:ii;'! {PPA). As the names SL![',SI."H.
cterized by personality changes and neuropsy-
jom, and PPA is characterized by language
il and personality changes in byFTE can
from apathy to disinhibition, and from
| 1o socially deviant behavior. Patients gen-
it into the changes in their personality and
¢ common features include loss of empathy,

bvFTR s ¢l

CIIAINIC Ay

1cils. Behavio

sradly Bacl

Vior., LY

0Dsessive compulsive or p-_'rsr_'n'r;l.l:i'\-'{' behaviors, and execu-
tive dysfunction. PPA has three variants with particular
language deficits: nonfluent/agramimatic, semantic, and log-
openic (Table 22-2). Neuroimaging in FTD shows selective
frontotemporal atrophy (Fig. 22-4) that may be very f[ocal
within language areas in PPA,

The most common underlying pathologic findings in
FTD are tau or TDF-43, although AD pathology is the most
common underlying pathology in the logopenic variant of
PPA. Somie patients develop syndromes of overlap of FTD
with motor neuron disease, corticobasal degeneration, or
progressive supranuclear palsy, Treatment is symplomatic/
supportive. Selective serotonin: reuptake inhibitors (S5R1s)
may be helpful in managing the psychiatric symptoms of
bvETD. Unlike patients with AD or DLB, patients with FTD
do not appear to benefit from cholinesterase inhibitors.
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Vascular Dementia

"n.!n.mﬂar.d-.-mnry:iu refers to impaired cognitive function due 1
c:er-.'l:r.ni infarction. This may be due 1o accumulation of COpHi-
I.m: dcl’lnclts I‘mm_scri:nl strokes in a stepwise manner, mare insid-
ious with chronic accumulation of subcortical microvasenlar
disease, or some combination of the two. Clinical sins depend
upon site(s) of prior infarction, but executive dysfunction and
cognitive slowing are caommon, and focal features, UppeT molor
neuron signs, andfor pseudobulbar affect may be present. In
cases of insidious cognitive decline and evidence of hoth atrophy
and subcortical white matter disease on neuraimaging, the 1111:.
ferentiation between AD, vascular dementia, and averlap of the
two may not be possible. There may be some benefit of cholines
terase inhibitors and memantine in vascular dementia as in AL,
0 2 medication trial may be attempted in ambiguous or pre-
sumed overlap cases. Secondary stroke prevention is of course
important as inany patient with prior stroke (see “Secondary
Prevention of Ischemic Stroke™ in Ch. 19).

Normal Pressure Hydrocephalus

Although not o neurodegencrative disease, normal pressure
hydrocephalus (NPH) is discussed here singe it should be con-
sidered in the differential diagnosis of patients presenting with
dementia. The predominant symptoms of NPH are gait dys-
function, urinary incontinence, and dementia. In this condi-
tion, ventricular enlargement leads 1o frontal lobe dysfunction,
andd CSF diversion by ventriculoperitoneal (VP) shunt can lead
to improvement. NPH may be idiopathic or can be caused by
impaired CSF circulation caused by prior subaraclinoid hemor-
rhage or meningitis,

In most patients with NPH, gait dysfunction is the first
sign of the disorder, and dementia and urinary incontinence
emerge later in the course of the condition. The classic gait pat-
tern in NPH is wide based and "magnetic”: the feet appear to be

TABLE 22-2 Clinical Features of the Primary Progressive Aphasias.”

Agrammatic (Noenfluent) Semantic Logopenic
Exprassion Agrammatic Fluent Shonw, impaired word rerreval
Effortfinl Presenved grommmar
Errors in sound production Phaonofogic errers
Comprehenszion Iimpaired for phrases with impatred for single words I paired (warse for longer pheases)
Complex syntax
Repetition Impaired Preserved fmpaired for sentences (single word
reghelition mdy be pres erved)
Maming Can ke impaired Severedy inmperired Inspaired
Reading/Writing May be preserved relative to Surface dyshexialdysgraphia Preserved but may make
spontanecus speech early {difficulty reading /wiiting phonologic errors
irmeqular words (e.g. broughtll i
Region of atrophy Broca’s areafleft insula Anterbor temparal (beft = right) Ledt temporaparietal
hypometabolism
Most common pathology Tow, TOP-43 TOP-43 Alzheimer pathology

“Care findingd for each conditon ane talkcized,




238 PART Il Driseases of the Nervous Svsten

22=4 MRl in frontoternporal dementia. Sagittal (A) and axial (B) T1-weighted images demonstiating marked left lrontoremporal

atrophy. Note the widening of the insula (Al and the “knife edge” atrophy of the left temporal lobe (B).
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the appropriate clinical context (Fig. 22-3)

Diagnosis of NPH is made by noting improvement of gait
and/or cognitive function afer a large-volume lumbar punciure
or continuous lumbar drainage of spinal fluid. Improvemen
with one of these tests suggests a likely response 1o placement of
a VP shunt, although even some patients whoe do not improve
with lumbar punciure or lumbar drain may still improve with
a VP shunt. This leads 1o challenging clinical decision mraking
since the differential diagnosis may be between AD with no dis-
case-modifying treatment and the possibility of NPH that could
respond to VP shunt (but with the inherent risks of m:npli(,p
tions of shuni placement; see “Ventriculoperitoneal Shunt™ i
Ch. 25). In WPH, gait dysfunction is generally more likely o
improve with a VP shunt than cognitive impairment,

RAPIDLY PRﬂERESSIVE DEMENTIA

Drementia usually arises gradually and is ongoing for months to
years by the time patients present for evaluation. When onset
.|l!|¢.‘| L'I.ﬂlll!ll.'l..'l of 1.||.’!'|'|4.'I!|1|.:'| AFe Imoare a".u‘.lid. I|'|1,* q,.'|.'|111.|.llll:b!1 13
referred 1o as rapidly progressive dementia. Creutzfeldi-Takob

FIGURE 22=5 The Evans ratio in normal prassure
hydrocephalus. Axial CT demonstrating ventriculomegaly with an
Evans ratio of 55.24/120.76 = 0.43.
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discase is the quintessential rapidly progressive dementia,
but the differential diagnosis for this condition is broad and
includes many treatable etiologies (Geschwind et al., 2008;
Chitravas et al,, 2011 ):

= Inflammatory conditions:
« Antibody-mediated/paraneoplastic limbic. encephalitis
(see "Autoimmune Limbic Encephalitis” in Ch. 24)

« Hashimoto encephalopathy (see "Hashimoto Encepha-
lopathy™ below)

« CMNS vasculitis (see "Cerebral Vasculitis™ in Ch. 19)

. ]':h_'||'|'-.'.'||:'|..|i‘||::; disease (s 'Cl'l. 21)
L N\.'III-I'I'\-.'II\.'\.'-i-.ll:"-l.‘i
« Malignancy
Mult sarenchymal metastases or leptomeningeal
mietaslases (see “Brain Metastases”™ and “Leptomeningeal
Metastases™ in Chapter 24)
« Fronial lobe tumor

« Diffuzely infilirating tumor (e.g., gliomatosis cerebri; see
"Gliomas” in Chapter 24)

« Intravascular lymphoma (see " Intravascular Lymphoma®
in Chapter 19)
« Chronic infections
+ AIDS (see "HIV Dementia and HIV-Associated Neuro-
cognitive Disorders” in Chapter 20)
« Menrosyphilis

Toxins

= Heavy metal poisoning
« Chronic alcohol abuse

Metabolic etiologies
= Hepatic dysfunction
= Chronic renal Railure

« Hyperammonemia (eg. due to valproic acid or due to
urea cycle disorder)

Vascular etiologies:

« Subclinical infarctions leading to accumulated burden of
infarcted tissue as can oceur in hypercoagulable states,
CMS vasculitis, intravascular lymphoma, cerebral autoso-
mal dominant arteriopathy with subcortical infarcts and
leukoencephatopathy (CARASIL) (see Ch. 19)

Adul-onset leukodystrophies (see Ch. 31)

Alypically rapid courses of nevrodegenerative discases such

as Alzheimer's disease, frontotemporal dementia, dementia

with Lewy bodies, corticobasal syndrome

Many of these potential etiologies of rapidly progressive
dementia can be discovered (or exonerated) by neuroimaging
studies. A normal contrast-enhanced MBI requires extensive
evaluation for potentially treatable systemic causes includ-
ing complete metabolic panel, camplete Blood count, vitamin
B12, HIV, rapid plasma reagin [(RPR), erythrocyte sedimen-
tation rate [ESR), C-reactive protein (CRP) autolmmune
studies (antinuclear antibodies [ANA], anti-Ro, anti-La),

parancoplastic antibodies, and anti-thyroid peroxidase (anii-
TPO) and antithyroglobulin (anti-TG) (for Hashimono's
encephalopathy; see “Hashimoto's Encephalopathy” below), as
wellas consideration of lumbar puncture to evaluate forinflam-
mation, infection, and/or antibodies in the CSE. When MRI
abnormalities are present but nonspecific (e.g. white matter
lesions that could represent inflammatory disease versus
neoplasm), brain biopsy may be necessary to make a diagnosis.

Creuztfeldt-Jakob Disease

Creuztfeldt-lakob disease (CJ1) i coused by accumulation of
prions in the brain, leading to apidly progressive dementia.
Most cases are sporadic (sCID) (ie, no clear cause), although
some cases are familial (familial CID [fC1D], faal familial
insomnia, Gerstmann-Straussler-Scheinker  symdrome), and
some have been caused by consumprion of infected beel (variant
CID [vCID]) or by iatrogenic transmission (IC]D) front infected
neurosurgical instruments, corneal transplants, and human
pituitary hormones. The dementia in CJD can affect anyfall
cognitive domains and may begin with personality/psychiatric
changes. Myoclonus (particularly startle-induced myoclonus) is
commaon, but this iinding may be absent in cases of C]D and is
nonspecific since myoclonus can be seen in other etiologies of
progressively altered cognition (e, renal failure, Alzheimer's
disease, corticobasal syndrome, or medication-induced enceph-
alopathy; see “Myoclonus”™ in Ch, 23} Some cases of CJD begin
with isolated visual symptoms (Heidenhain variant).

MRI is the most sensitive and specific test for C10D (Vitali
et al., 201 1), demonstrating diffusion restriction in the cortical
ribbon and basal ganglia (Fig. 22-6). (These findings are not seen
in v D, which classically shows abnormalities in the pulvinar
of the thalamus on FLAIR sequence.) The MRI features of CJD
may not be present early in the disease. and may emerge only on
subsequent repeat imaging as the disease progresses. Diffusion
restriction in the cortical ribbon can also be seen in status epi-
lepticus and hypoxic-ischemic injury, but both are usually eas-
ily distinguished from CJD by history. Limbic regions are mrely
affected in isolation in ClD, and if signal changes isolated to lim-
bic regions are seen on MR ina patient with rapidly progressive
dementia, the possibility of an autoimmune or paranecplastic
limbic encephalitis should be pursued (see * Autoimmune Limbiz
Encephalitis™ in Ch. 24).

In sCJD, CSF 14-3-3 protein and periodic sharp-wave
complexes on EEG may be present, but both sensitivity and
specificity of these findings are much lower than the sensitiv-
ity and specificity of MRI, and the presence of CSF 14-3-3 and
periodic sharp-wave complexes on EEG may vary over the
course of the disease. Lumbar puncture should be considered
to evaluate for alternative eli,ulugir:n af mp'u]i}' progressive
dementia {e.g., inflammatory CNS disease} if neuroimaging is
not characteristic of CJD, but CSF studies cannol confirm ar
exclude a diagnosis of CJD.

Unfortunately, there is currently no effective treatment for
CI, 50 care is supportive. Patients generally do not survive for
more than approximately 1 year from the tlime of diagnosis.
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MALin sporadic Creutzfeldi-lakob disease. Axial DWI (A and €) and ADC (B and D) sequences demonstrating diffusion

bbon as well as in the basal ganglia (C and D)

Hashimoto's Encephalopathy

halopathy is an immune-mediated CNS
tsorder associated with anti=TPO and/or anti-TG antibodies
1 responds to immunmodulatony therapy. ‘The condition is
} 15 steroid-responsive encephalopathy associated
une thyvroiditis (SREAT). Despite the name
the association with anti-thyroid antibodies, there is no
clear relationship to thyroid disease, and many patients with
Hashimoto's encephalopathy have normal thyroid function,
The relationship between the disorder and the amibodies is
unclear. especially since many elderly individuals may have
clevated titers of these antibodies with no clinical correlate.

Hashimoto's encephalopathy generally presents as a rap-
idly progressive dementia Cover weeks to months), Some cases
may present with stroke-like episodes without MRI evidence
of stroke. Seizures and myoclonus can occur.

MRIis normal in most cases of Hashimoto's encephalopa-
thy. but may show nonspecific T2FLAIR hyperintensitics. CSF
is inflammatory Celevated protein and lymphocyiic pleacyiosis)
in most cases, although it can be normal. Inflammatory CSF in
the setting of a rapid decline in cognition and a normal MR can

also occur in autoimmune or paraneoplastic limbic encephalitis
(see “Autoimmune Limbic Encephalitis” in Ch. 24).

Many patients with Hashimoto's encephalopathy dem-
onsirate dramatic improvement with steroids. If there is a
high index of suspicion for the disorder and no (or minimal})
response Lo steroids, more aggressive immunomodulatory
therapy can be considered and may lead to clinical improve-
ment in some patients,
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Movement Disorders CHaAPTER

CONTENTS
INTRODUCTION TO MOVEMENT DISORDERS TICS, TOURETTE'S SYNDROME, AND STEROTYPIES
TREMOR Tics
Enhancad Plhiysiologic Tramor Tourette's Syndrome
Essential Tramor Sterotypies
Parkinsonian Tremor PARKINSOMNISM, PARKINSON'S DISEASE, AND
Cerebellar Tremor PARKINSON-PLUS S¥YNDROMES
Rubral {Halmes) Tremor Parkinson’s Disease
Orthostatic Tremaor Drug-Induced Parkinsonism
MYOCLONUS Parkinson-Plus Syndromes
Treatrent of Myoclonus OTHER MOVEMENT DISORDERS
CHOREA Tardive Dyskinesia
Sydenham’s Chorea Restless Leg Syndrome
Hereditary Causes of Chorea 5tiff Person Syndrome
DYSTOMIA Hemifacial Spasm
Focal Dystonias Faciobrachial Dystonic Seizures
Genatic Dystonias Wilsan's Diseaze

Acute Dystonic Reactions

INTRODUCTIONTO MOVEMENT + Body part(s) affected by tremor
DISORDERS » Frequency: speed of oscillation of tremor
« Amplitude: distance of excursion of tremaor

I most realms of neurologic disease, localization is the Lirst step
toward differential diagnosis. In assessing movement disorders,
however, the first step is to accurately characterize the type of
abnormal movement(s) present, each of which has its own dif-

« The state(s) of the body part in which the tremor is
observed—rest, posture, and/or action:

+ Rest tremor emerges when the affected body part is inactive

ferential diagnosis. Movement diserders are broadly classified % Fm:_lu ral l""_"mr is observed when a posture is sustained
as either hyperkinetic (increased movement: tremor, chorea, against gravity (e.g., the arms and hands outstretched)

myoclonus, dystonia, tics) or hypokinetic {decreased move- « Kinetic or action tremor occurs with movement, and
ment: bradykinesia as is seen in parkinsonism) (Table 23-1). can be further characterized by whether the tremor is the

same throughout the range of movement or worsens as
the atfected limb approaches a target (intention tremor),

TREMOR (TABLE 23-2) Enhanced Physiologic Tremor

Tremor refers to rhythmic oscillation (e, shaking) ot one or Enhanced ph}'siuiugi: tremor is the augmentation of a
more parts of the body. Tremor can be characterized by: baseline tremor that is present in everyone but usually not
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TAELE 23-1 characteristics and Comman Differential Diagnoses of Movement Disorders.

Causes
Primary Neuralogic Structural or
Mavement Diseasos Vascular Lesions Medications/Drugs Systamic Conditions
Tremar Dsciflating Essential tremor Ried nuacleus Lithium Hyperhyrotdism
MOvEmenis : :
Parkinson'’s disease Carebellum Antiepibrptics
S5RIs
Bata-agonists
Parkinsenksm Resting tremar Parkingon's diséase Basal ganglia Antipsychotics Extraponting
elinalysis
Bradykinesia Multiple systems atrophy Dopamine-blocking i L
N it antiemetics
Rigidity Progressive sugranuclear
palsy
Coarticabasal syndrame
Myoclonus Lightening-lika Myoclonic apilapsies Diffuse cortical Diopamineg agondsts Renal failure
jerks i and levoda)
o~ Corticobasal degeneration injury B2 Hypoxic-ischimic
Spinal cord inju Amantadine insult (&.q. cardiac
Creuzfeldi-Jakob disease p Jury arrest] 2
Guillain-Mollaret Antiepileptics
DRPLA (fsvenile-onset foom) tiangle for il
S5Ris
Any neurcdegenerative palatal myoclanus
disease Opiates
Caphalasparing
sEnuous dance Huntinglons divease Subthalamic Dopaming agoniits Sydenham’s chonea
U gl mucheus fod and levodopa
aths SO LAy I0 S hemiballismus) T ek SaE s Lupus
P Basal ganghia for e 2 Anﬁgﬁmuhagpiﬁ“
I R Antiepileptics antibody syndra
Cocaine Polycythemia vera
Hyperthyraidism
Dyston Carvical dystonia Basal gangl Antipsychotics
Dopamine-blocking
antiematics
thraegh DY T2E)
Tics Tourette's syndnome Cocaine
Transient tics Antipsychotics

IEurcscanthocy1oss

This can be brought out or accentuated by emotional
states (e.g. anxiety, fear), metabolic states (e.g., hypoglycemia,
hyperthyroldism), endocrine conditions (¢.g.. hyperthyroidism),

or caffeine.

Essential Tremor

Essential tremor is & condition that causes tremor in iso-
lation without associated symptoms (i.e., no bradykinesia
ar rigidity as is scen in Parkinson's disease], and can be
either familial or sporadic. Essential tremor almost always
involves the hands, is most often symmetric (although may

L dentatorubral- palidaluysian alrephy; PEAN: pantothenatle Bnate-aiiodiated neurcdegenerabon: 35015 selective senatonin reuplake inhitHices

begin asymmetrically and remain asymmeiric in some
patients), and can also involve the voice and/or head (nod-
ding “yes,” "no,” or side-to-side). The tremaor is typically
present with sustained posture and with action, but is typ-
ically absent at rest except in very severe cases. The fre-
quency and amplitude may differ between patients but are
generally constant within an individual patient, although
the severity of tremor may worsen over time. Some patients
n:puﬂ_ amelioration with alcohol. There are two peaks in
age of onset in the 205 and 60s,

 Symplomatic treatment for disabling essential tremor
s with beta blockers (commonly propranolol) andfor



TABLE 23-2 Characteristics of Tremors.

CHAPTER 23 Movement Disorders

Frequency Amplitude State(s)
Bady Partis) Afected  Associated Faaturss —
Physiologle High Lo Pasturaliaction Hands ;
tremar Possible wigger such as ansiety,
caffeine, hypogiycemia,
! hyperthyroidism
Essential Variabbe Varable Pasturalfaction Hands
tremar Lro0e
{Can have intentianal Head
component)
Parkinsonian Moderate Moderate Rest predaminanthy, but Hands Bracdykinesia
UrEmar AN TEEMErDE Wi Do :
Jawichin Rigidity
Pastural inﬂ.;nhllu,-
Cerabellar foderate Maoderate Action/entention Lirndbs Nyitagmas
tremer
Somietimes heaed at Ataxia
rest (Titubation)
Drwsdiadochokinesia
Rubral Low Moderare Rest/posturabfaction Limbs Ipsilateral ataxda andfar
(Holmes)
PR Weaknass andfos
Contralateral eranial nene
3 palsy
Orthostatic High Low Standing Legs Nane
trémor

primidone. Propranolol should be avoided if the patient has
sthma or is already on other cardiac medications. Primidone
can be sedating. Benzodiazepines, topiramate, gﬂlmp.:nl':m
andfor batulinum toxin can be considered if first-line medi-
cations are ineffective or not tolerated. In patients who have
disabling essential tremor refractory to medical therapy, deep
brain stimulation (of the ventral intermediate [VIM] nucleus
of the thalamus) may be considered.

Parkinsonian Tremor

The tremor of Parkinson's disease or other parkinsonian syn-
dromes is generally present at rest and resolves with inten-
tional action. The tremor may also reemerge with sustained
posture of the affected limb(s) (see “Tremor in Parkinson's
Diseaze” below).

Cerebellar Tremor

Cerebellar tremor is an oscillating action tremor, generally
absent af rest, but worse at the extremes of movements where
precision is required (see Ch. 8).

Rubral (Holmes) Tremor

Rubral (Holmes) tremor is o tremor cavsed by disruption
of the superior cerebellar peduncle, which is the cercbel-
lar output pathway to the motor system by way of the red
nucleus and ventrolateral (VL) nueleas of the thalamus (see
“Superior Cerebellar Peduncles: Output Back to the Brain®

in Ch. 8). Rubral tremor is typically a slow tremor present
at rest that augments with posture and movement. The most
common lesion location s in the midbrain where the supe-
rior cerebellar peduncle mieets the red nucleus. Given this
localization in the midbrain, associated contralateral hemi-
paresis, contralateral ataxia, and/or ipsilateral cranial merve
3 palsy may be present (see “CN 3: The Oculomotor Merve™
inCh. 11).

Orthostatic Tremor

Orthostatic tremor is a rapid tremor of the legs that ocours
only with standing and resolves wpon sitling or walking,
Clonazepam is generally used for treatment.

MYOCLONUS

Myoclonus refers to rapid jerking movements. Myoeclonus
should not be confused with clonus, which is rhythmic
contraction=relaxation seen in assocktion with hyperreflexia
with upper motor neuron lesions (see “Upper Motor New-
ron Lesions Versus Lower Motor Neuron Lesions™ in Ch, 4),
Myoclonus generally affects a whole muscle, leading to obyi-
aLs I-?lt'l"-"t'll'u.'llt of a part af the body {disliugui.shing m}-o;'[.u,
nus from fasciculations, which are twitches of a few musele
fibers visible as movements beneath the skin). Asterixis is
sometimies referred to as “negative myoclonus,” a sudden loss
of tone L".'Illﬁil'lg a jet‘ki“g movement.
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Myoclonus can be seen in a wide range of conditions:

» Normal/physiologic: e.g.. myoclonus while falling asleep

(hvpnic jerks)

Epilepsy syndromes: e.g. juvenile myoclonic epilepsy,

myoclonic epilepsy with ragged red fibers (MERRF) and

Unverricht-Lundborg disease

Mon-epileptic primary neurologic diseases

« Dementias: particularly Crentzfeldt-Jacob dizeaze and
corticobasal degeneration, but can occur in any neurode-
generative dementia (e.g. Alzheimer s disease) (see Ch, 22)

« Paraneoplastic; opsoclonus-myeclonus symdrome associ-
ated with neuroblastoma in children and anti-Ri antibod-
ies in adulis (most commonly seen with breast and lung
cancers in adults) {see "Opsoclonus-Myoclonus™ in Ch. 24)

» Encephalitis: infectious {e.g.. herpes simplex virus, sub-
acute sclerosing panencephalitis) or inflammatory (e.g.,
Hashimoto's encephalopathy)

Svstemic conditions affecting the brain: postanoxic brain

injury, renal failure, elecirolte abnormalities

Medications including selective serotonin reuptake inhibi-

tors (55R1s), dopamine agonists, amantadine, antiepilep-

tics, opiates, and antibiotics (¢.g.. cephalosporins)

+ Benzodiazepine withdrawal

al cord disease causing segmental myoclonus or pro-

privapinal myoclonus (see below)

stemn myoclonus more
wroximal muscles. Cortical myoclonas

iction or touch: brainstemy myoclonus
tartle. Myoclonus of spinal origin may be

a particular muscie or muscle group) or

tripgered by s
segmental (aifecti
propriospinal (causing abdominal myoclonus that may lead
Palatal myoclonus causes the patfent to hear clicking
Is. This may be idiopathic (essential palatal myoclonus)
10 a leston in the Guillain-Mollaret triangle: dentate
nucleus of cerebellum=contralateral red nuclens (via the supe-
rior cerebellar peduncle)sipsilateral inferiorolivescontralateral
dentate nucleus (Le, back to dentate nucleus where the trizngle
began [via the inferior cerchellar peduncle}).

Diffuse myoclonus may be seen in the acute period after
anoxic brain injury (myoclonic status epilepticus), and is often
associated with a poor prognosis. Lance-Adams syndrome
refers 1o the emergence of action-induced myoclonus seen
during recovery afier anoxic brain injury. In Lance-Adams
syndrome, there is no myoclonus at rest, but attempred action
trigeers myoclonic jerks of the active limb(s).

Treatment of Myoclonus

When there is 2 clear reversible underlving cause of myoclo-
nus (.., renal failurel, this should be treated. Any potentially

causative medications should be discontinued if possible. For
symptomatic control of myoclonus, levetiracetan, valproate,
and clonazepam can be used.

CHOREA

Chorea refers 1o dancelike movements (same etymologic
root as chorcography). Chorea exists on a continuum with
athetosis (slow sinuous movements) and ballism (larger
amplitude often more violent-appearing movemenis).
Sometimes choreiform movements may be subtle, appear-
ing as “fidgeting” and disguised by incorporation into val-
untary movements, Chorea may be seen in the [ollowing
conditions:

« Hereditary neurologic diseases
- Huntington's disease
« Dentatorubral-pallidoluysian atrophy (DRPLA)
=« Newroacanthocytosis
» Pantothenate  kinase-associated neurodegeneration
[PEKAM)
+ Some of the spinocerebellar ataxias (SCA 2, SCA 3, 5CA 17)
« Wilson's disease
Structueral lesion of the basal ganglia
= Tumor

» Infection: toxoplasmosis has a predilection for the basal
ganglia

« Siroke: stroke in the subthalamic nucleus is associated
with contralateral hemiballismus

Systemiic diseases
» Immune-mediated
. Swdenham's chorea {poststreptococcal frheumatic fever)
= Lupus
« Antiphospholipid antibody syndrome
- Parancoplastic syndrome: anti-Hu or anti-CRMPS
(collapsin response mediator protein 5) antibodies
« Metabolic: hyperthyroidism, hyperglycemia
« Polyveythemia vera
Pregnancy: chorea gravidarum
Medications: dopaminergic therapy for Parkinson's disease,
oral contraceptives

[rugs: cocaine
Congenital: choreoathetotic cerebral palsy

Sydenham’s Chorea

Sydenham's chorea occurs months fallowing infection with
group A beta-hemolytic streptococcus in children. The ather
features. of rheumatic fever (carditis and arthritis) are not
always present. Accompanying behavioral s;hzmgg:s includ-
ing obsessive-compulsive  disorder are common,  Anli-
strepiolysin © s often checked but can be pormal when



chorea cmerges months after rheumatic fever. ﬂf.'i'np!ums
usually resolve over months, but some practitioners utilize
steroids in severe cases. Sydenham's chorea may recur, so
allim F"H:-p]'l:-'].,l'.\l\ 1% Ollen .'|.|.1I:'|it'|i!\1|."l'1.‘|.! tll1ti|. .'|.|.!1:|||!1g1-:|d_

Hereditary Causes of Chorea

Ihe most commaon hereditary cause of chorea is Huntington's
| 15, R Liet '|-=-||';||I,,|r y CALISES ul!- L'I:'I-:'Il'L'.'! |.|:'IC||.II.|.I."' NELroac=

nthocytosis, MclLeod syndrome, and panmtothenate Kinase-

laled néurodegeneration.

Huntinaton's Disease

sease s an autosomal dominantly inherited

ditio horea and neuropsychiatric symptoms
pression, psychoesis). Additional exami-

(5] I 1 clucde maotor T per sistence ol the ILJ:I'IJ:H{"

ongue protruded such that it darts in

ORL 1 LIhE
ith} and slowed or absent saccades. New-
wnstrate caundate atrophy. Definitive

liagnosis is made by genetic testing, and requires genetic
if the patient and family since the discase is dom

FEITNSC]
intly inherited. Huntington's disease is caused by a CAG
repeat in the huntingtin gene (chromosome 4),; and increas
repeat length leads to the phenomenon of anticipation
anch that the disease presents at an earlier age of onset in

subsequent generations. Treatment i$ largely supportive and
[he most effective treatment for chorea is tet
ribenazine, which acts to decrease presynaptic dopamine
se. If this is ineffective or there is concurrent psychosis,

YmpLomanie

ISYLC hotics are nsed.
A juvenile form of Huntington’s disease (Westphal
variant) is characterized by parkinsonism rather than chorea.

Dentatorubral-Pallidoluysian Atrophy
Dentatorubral-pallidoluysian atrophy (DRPLA) 15 an auto
somal dominantly inherited condition caused by a CAG repeat
in the qqr.l'.;JI[.lh,'u I gene {chromozome 12), !r:.‘u.li.!'lg to L[l.‘gi.‘tlt'T.L-
tion of all of the structures listed in the name of the diseass:
dentate nucleus (dentato), red nucleus (rubral), globus palli-
dus (pallido), and the subthalamic nucleus (also Known as the
bady of Luys). The adult-onset form of the disease {onset after
age 20) is characterized by ataxia, chorea, and dementia. The
juvenile-onset formof the disease (onset before age 20) causes
seizures, myoclonus, ataxia, and mental retardation (without
chorea). Neuroimaging in DRPLA demonstrates cerebellar
atrophy, brainstem atrophy (most prominent in the anterior
pons), and subcortical white matter abnormalities. The dis-
ease is most common in’ Japan, although a variant has been
described in an African-American family in North Caralina
[Haw River syndrome).

Neuroacanthocytosis
Neuroacanthecytosis is an autosomal recessively inherited
condition characterized by chorea, oral dystonias (cousing
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o
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biting of the tongue and lips as well as swallowing difficulties),
neuropsychiatric symptoms, seizures, tics, neuropathy, and/
or parkinsonism with characteristic acanthocytes on blood
smear (red cells with “spikes”).

McLeod Syndrome

McLeod syndrome is an X-linked condition similar 1o neuro-
acanthocytosis, but may also be associated with myopathy and
cardiomyopathy, and is less likely to have the oral dystonias
characteristic of neurocacanthocytosis,

Pantothenate Kinase-Associated
Neurodegeneration

Pantothenate kinase-associated newrodegeneration (PEAN),
formerly called Hallervorden-Spatz disease, is an autosomal
recessive disorder that is an example of a group of rare disorders
classified as neurodegeneration with brain iron accumulation
(NBIA) Patients with PEAN demonstrate both extrapyramigdal
features and pyramidal features. The chamacteristic MRT) signa-
ture is the “eye of the tiger sign” on T2-weighted imaging: T2
hyperintensity of the center of the globus pallidus interna sur-
rounded by hypointensity (Fig. 23-1).

FIGURE 23-1 Pantothenate kinase-associated
neuradegeneration. Axial T2-weighted MRl showing "eye of
the tiger sign” (globus pallidus hyperintensity surrounded by
hypointensity)
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DYSTONIA

Dystonia refers 1o involuntary sustained (or paroxysmally
sustained) postures of one or more body parts due to muscle
contraction that often leads (o twisting movements/postures
of the affected limb(s). Tremor may accompany dystonia in
some cases. Patients may describe maneuvers wherehy touch-
ing the dystonic reglon lessens the dystonia, called a sensory
trick (or geste antagoniste).
Diystonia can present in several ways:

Dystonia may occur in isolation or as part of 2 syndrome
with multiple additional features

Dystonia may be focal {confined to one body part), segmen-
tal {conhned to one limb), multifocal (more than one limb
but not generalized), or generalized

Dwstania may or may not be task-specific (e.g., writer's
cramp or musician’s dystonia)

Dwstonia may be primary (idiopathic or genetic) or may be
secondary to:

Structural lesions of the basal gunglia; e.g.. infarct, tranma,
neoplastic, or infectious. (Such lesions often lead to hemi-
dystonia [i.e., dvstonia on .one side of the body.])

Drugs: e.g.. acute dvstonic reaction with dopamine-

blocking antiemetics

Focal Dystonias
Torticollis (Cervical Dystonia)

dystonia that causes neck twisting
anterocollis),

Tonicollis

% & Cam

forws; flexion extension

torticollis),
retrocolliz). or |

1ET Imay

d
g 1o one side {laterocollis). Sensory
rate the symptoms include touching the

A head tremor may be associated. Botulinum

hin ar t 1
CILIN OF k.

Lo fNeSCTi 151 .'.:'~:-!||:-. EFEATIMEnL.

Task-Specific Dystonias

Task-specinc dystonias emerge only during the provocative
r example, writing in writer’s cramp or playing a
musical instrument in musician’s dystonia (which may affect
ds or mouth depending on the instrument).

Blepharospasm

Blepharospasm s dyvstonia of the perforbital muscles leading
to involuntary bilateral closure of the eyes. When disabling.
botulinum foxin injected inte the orbicularis oculi may be
effective.

Genetic Dystonias

An ever-increasing list of genetic dystonias (numbsered
DYT[x]: eg DYTL, DYT25) ix emerging with different gene
loci, inheritance patterns, geographic distribution, and clini-
¢al phenotvpe. Some of these syndromes cause an isolated
dystonia, while others are accompanied by other movement
disorders such as parkinsonism (DYT3, DYTS, DYT 12) or

myaclonus (DYTIL, DYTI5). Some of the more common
genetic dyvstonias include:

« DY TL:an avtosomal dominantly inherited childhood-onset
dystonia that begins in one limb and subsequently general-
izes, and is more common in patients of Ashkenazi Jewish
lheritage.

DYT3: an X-linked syndrome affecting Filipino men in
which both dystonia and parkinsonism are present.

DYTS (Scgawa syndrome): an autosomal dominantly
inherited childhood-onset disorder in which dystonia of the
lower extremities arises later in the day and may be absent
after rest, Since the condition responds well to levodopa
therapy it is sometimes referred o as dopa-responsive
dystonia.

-

-

Acute Dystonic Reactions

Acute dystonic reactions are medication-induced dystonias
that can affect any region of the body including the limbs, the
eyes (oculogyric crisis), the neck (torticollis), the tongue. or
the mouth, The most commonly implicated drugs are anti-
dopaminergic agents such as antipsychotics and antiemet-
ics. Acute dystonic reactions may occur after the first dose or
within days of initiation of the offending medication, Treat-
ment s with benziropine or diphenhydramine and discon-
tinuation of the medication.

TICS, TOURETTE'S SYNDROME,
AND STEROTYPIES

Tics

Ties are briel movements {motor tics) or vocalizations (pho-
nic tics, which can include anything from grunts. sniffs, or
throat clearing to fully-formed words). Tics are generally
preceded by a premonitory urge, able 1o be suppressed, and
accompanied by a sense of relief after they occur. Tics can
present in several WS

« Tics can occur transiently (<1 year) in children (transient
motor lics: transient phonic tics)

Tics can occur as part of Touretie’s syndrome, a primary tic
dizorder (see “Tourctte’s Syndrome” below)

« Tics can ocour secondary to:
« Dirugs, including cocaine, antipsychotics, antiepileptics
« Developmental disorders, including autism, fragile X
syndrome
« Meurodegenerative
acanthocyotsis

conditions,

including neuro-

Tourette’s Syndrome

Tourette'ssyndrome isadisorder in which tics are the primary
feature. For diagnosis of Tourctie's syndrome, both motor
and phonic tics must havie occurred for over | year begin-
ning before age 18 (although most cases present at a much



vounger agel, with changes in types of tics over time. Dbses.
sive-compulsive disorder andfor attention defici t=hyperaciiv-
ity disorder may co-occur with Tourette’s syndrome, and 50
patients should be screened for these conditions. Some cases
resolve spontancously in the transition to adulthood, whereas
others persist, Treatment involves behavioral therapies, and ir
severely disabling, antipsychotics (pimozide, haloperidol, or
Nuphenazine), tetrabenazine (reduces presynaptic dopamine
release), or clonidine may be used,

Sterotypies
Sterotypics are repetitive purposeless movements, siech as the
ing seen in patients with autism or the hand
patients with Rett syndrome.

WELNEIND Seen |

PARKINSONISM, PARKINSON'S
DISEASE, AND PARKINSON-PLUS
SYNDROMES

Parkinson's disease ( PD) is a neurodegenerative disease with
the core features of tremor, bradykinesia, rigidity, and pos-
tural instability. Additional motor features include decreased
facial expression (hypomimia), decreased blink rate, small
randwriting (micrographia), stooped posture, shuffling gait
with reduced arm swing. festination (increasingly rapid small
steps), difficulty turning when walking, and difficulty turning
over in bed. The constellation of some or all of these mator
features is referred to as parkinsonism. In addition to idio-
prathic P, other causes of parkinsonism include:

« Medications: most commonly antipsychotics and antiemet-
ics (see “Drug-Induced Parkinsonism” below)

« Cerebrovascular disease (vascular parkinsonism)

« Toxins, including manganese and MPTP (l-methyl-
4-phenyl-1.2.3,6-tetrahydropyridine)  (MPTP  may
contaminate the illicit symthetic opioid MPPP
[ 1-methyl-4-phenyl-propionoxypiperidine].)

+ Metabolic conditions such as extrapontine myelinalysis

« Mewrodegenerative diseases aside from idiopathic PD,
called the Parkinson-plus syndromes (see "Parkinson-Plus
Svadromes” below):

« Multiple systems atrophy (M5SA)

+ Progressive supranuclear palsy (PSP}
« Corticobasal syndrome (CBS)

« Dementia with Lewy bodies (DLB)

Parkinson’s Disease

Clinical Features of Parkinson’s Disease

Tremor, bradykinesia. and rigidity typically begin unilater-
ally in patients with idiopathic Parkinson's disease, but usi-
ally become bilateral as the disease progresses (although
commonly remains asymmetric). Some patients may have
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:I. i.n.'.nu::r-prc:hmmimm
rigidity or gait dysfunction
tremor at all and have
(akinetic-rigid farm), a
It v and so i ay .
mant postural instuLﬁIi.t:,- an‘;ﬂ;ﬂﬂ:;:[l:n'::l:l';: el
predominant form of PD may haw i
other forms of the disease. T
Mt_hm_tgh most cases of Parkineon's disces
5p¢m.d:n:. familial forms are associated with mutations in a
growing number of genes including

: LRRKZ (autosomal
:.lclmm!rln:] and parkin (PARKZ; autosomal recessive with
omset in youth),

e are idiopathic/

Tremor in Parkinson's disease—The tremor of PO = rist
commonly a teemaor of the handis) that is present at rest and
r-:@lﬂ'& with movement, but may also reemerge after sus-
tained posture (e.g.. holding the arms and hands om straight),
The tremor may be pill-rolling (flexion movements of the
fingers and thumb giving the impression that the patiznt is
rolling a pill in the hand), but this is not always the case. Rest
tremor may emerge when distracting the patient, for examphe,
by asking the patient to perform serial seven subtractions. The
tremor typically presents unilaterally and, although it may
become bilateral throughout the course of the disease, it often
remains asymmetric in its severity, Tremor af the jaw may
also be present, but tremor of the head (a5 is szen in essential
tremor) is not typically afeature of Parkinson's disease.

Bradykinesiain Parkinson’s disease—Bradykinesiadenates
slowing of movements. This may be evident in observing the
patient’s normal activities, and can be elicited on examination
by testing finger tapping, foot tapping, or repeated prona-
tion-supination movements ("as if screwing in  light bulb™).
These movements should be tested one side at a time to avoid
entrainment, which may mask asymnetries.

Rigidity in Parkinson's disease—The side(s) of the body with
tremor andfor bradykinesia may be noted o have mgwhu!
rigidity, whereby a joint appears to “click™ through the pas-
sive range of motion rather than move s:nmoﬂ'd}r.w’ﬂtn rm:'md k
slowly through the range of motian hg,: the examiner, "I!m can
be brought out by the technique of reinforcement, asking the
patient to make circles of other repeated movements with the
hand on the side opposite the limb being evaluated fnr rigid-
ity, In idiopathic P12, rigidity is commonly asynmmlnc.uﬁqﬂ.
ing the limb{s) wilh tremor more so than the ut.h-:rs. Axial
rigidity can be evaluated for by moving the patient’s neck pas-
sively thraugh its range of motion.

in Parkinson's disease—Postural insta-
bility tends to emerge later in the course of Parkinson's disease
(although it may be present earlier in th':‘ course of progres-
sive supranuclear palsy: see “Pfﬂsﬂﬁl“?::;mm:mkuhhjsr

below): Postural instability <ant be assessed using the puﬂ
est 1o look for retropulsion. The examiner stands behind
the patient with the patient’s b“‘:l" to the examiner, prefer-
ably with a wall behind the examiner o break a fall should

Pastural instability
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one occur. The examiner then explains that she or he will be
pulling briskly on the patient’s shoulders and that the patiem
should maintain balance however necessary. After a brisk,
forceful tug on the patient’s shoulders, the patient’s response
iz observed. Normally, a paticnt with intact postural stability
will maintain balance with no steps or one or two steps back-
ward. In a patient with postural instability due to parkinson-
ism, the patient will exhibit retropulsion, requiring several
(more than three) small steps to regain’ balance, or in severe
cases, the patient will simply fall backward.

Gait in Parkinson’s disease—Gait in PD is generally slow
with small shuflling steps (marche & petil pas). Arm swing
iz wsually diminished (usually more prominently on the side
of greater tremor and/or rigidity). Turning is often difficult,
requiring a number of small steps to turn. Some patients
may start walking slowly and then accelerate with increas-
ingly rapid small steps (festination), In advanced PD, some
patients may develop freezing of gait, freezing in place and
unable to procecd. Freezing may be able to be overcome by a
visual stimulus (e.g., aline on the ground).

Other signs in Parkinson's diseasée—When tapping slowly
and rhythmically between the eves, normal individuals will
blink several times and then stop blinking. Patient’s with
nguish the blink response
tap. _.|!!-.‘! Myerson's sign or

Parkinson's discase may not
and continue to blink with eact

the glabellar sign.

Nonmotor aspecis of Parkinson's disease—Nonmolor
features of PD include fatigue, depression, ansiety, dementia,
autonomic dvsfunction {including constipation, orthostatic
hypotension, urinary dysfunction), decreased sense of smell,
ind REM sleep behavior disorder (RBDY). In RBI), patients
act out their dreams; which ofien involve kicking, punch-
ing, and/or running. RBD and olfsctory dysfunction may
precede the onset of Parkinson's disease by vears, and RED
is associted with a high risk of future dev i'luruu-.nl of & neu-
rodegenerative disorder {most commaonly synucleinopathies
such as PD, multiple systems atrophy, and dementia with
Lewy badies). Dementia is typically not present at onset of
parkinsonian symptoms in idiopathic PD. If dementia and
parkinsonism arise concurrently, dementia with Lewy bod-
ies should be considered (see "Dementia with Lewy Bodies”
in Ch. 22). Autonomic dvsfunction is usually a more promi-
nent feature in multiple systems atrophy as compared 1o
in PD.

Diagnosis and Differential Diagnosis of
Parkinson's Disease

Parkinsen's discase is a clinical diagnosis. A tremor-
predominant presentation must be distinguished from essential
tremor, drug-induced tremor, physiologic tremor, and hyper-
thyroidism. Asymmetry of tremor and accompanying bra-
d}'kinesia and r‘igi—dit:rnn thie side of tremor are suggestive of PO

Early falls and/or impaired vertical gaze with parkinsonism sug-
gest progressive supranuclear palsy (PSP). Early and severe
autonomic dysfunction with parkinsonism suggests multiple
system atrophy (MSA). Dementia and hallucinations arising
before or concurrently with parkinsonism suggest dementia
with Lewy bodies (DLE). Improvement in symptoms with
levodopa is also suggestive of PD, although some Parkinson-
plus syndromes may have an initial response to levodopa.
When there is clinical ambiguity, a depamine transporter
SPECT (single photon emission computed tomography) scan
can be used o look for asymmetric decreased activity in the
basal ganglia. However, dopamine transporter SPECT only
distinguishes a newrodegenerative parkinsonian syndrome
from “not a neurodegenerative parkinsonian y,-ndmmc"‘ [i.e.
it does not distinguish between PD, multiple systems atrophy,
progressive supranuclear palsy, and corticobasal syndrome).
Dopamine transporter SPECT can be wseful in a patient in
whom there is a question of PD versus essential tremvor (if
the latter presents asymmetrically, as it sometimes does) or
PD versus drug-induced parkinsonism (see "Drog-Induced
Parkinsonism” below).

Treatment of Parkinson’s Disease

Pharmacologic treatment of PD is symplomatic, and there-
fore should begin when the disease begins to interfere with
agtivities of daily living.: For example, if the patient has a mild
tremaor in the nondominant hand that the patient does not
feel is bothersome, treatment is not necessarily r:quired. The:
available medications for PD include:

« Levodopa: given combined with carbidopa. Carbidopa
inhibits peripheral dopamine breakdown, increasing Lhe
amount of levodopa that enters the CNS and decreasing
peripheral side effects such as nausea.

« Dopamine agonists: pramipexole and ropinirole are the

most commonly used agents in this category (pergolide is

no longer in use due to cardiac valvular toxicity).

Catecholamine  (-methyl transferase (COMT) inhibi-

tors: entacapone and tolcapone are used with carbidopa-

levadopa to potentiate its effect (tolcapone can rarely cause
hepatatoxicity and so entacapone is more commaonly used).

« Anticholinergics: trihexyphenidyl is used predominantly
for tremaor.

Monoamine oxidase B (MAQ-B) inhibitors: selegiline and
rasagiline.

Amantadine: particularly useful in the treatment of dopa-
mine replacement-induced dyskinesias (see "Treatment=
induced dyskinesias in Parkinson's disease™ below)

In addition, exereise (acrabic and tai chi), specch therapy
{for hypophonia if present), and psychiatric care (i depres-
sion, anxiety, or psychosis is present) are all important aspﬂ:la
of supportive care for PI.

Dopamine replacement with levodopa or a :Inpnmlnﬁ,
agonist is first-line therapy when the disease begins o becon
disabling. Levodopa is more effective than dopamine agonis




and causes fewer initial side effects, but may be associated
with a higher risk of subsequent motor complications
[dyskinesias) than dopamine agonists. Side effects of dopamine
agonists include daytime sommnolence, peripheral  edema,
psvchosis, hallucinations, and impulse control disorders
{including hypersexuality, pathologic pambling). Side effects
of levodopa include dizziness and nausea, which may be ame-
liorated by taking the medication with food (although this can
decrease the absorption of the medication if the medication is
taken with a high-protein meal).
Some practitioners suggest that younger patients should
I d with dopamine agonists, whereas patients
¢ disease later in life should begin immediately
prate Advocates of this strategy prefer dopamine ago-
nger patients since these patients will likely survive
disease and be prone o later treatment-related
omplications with levodopa. Given the efficacy ot
[ some practitioners start directly with this
atients even ifthey are younger. As the disease

M diCalionm

progresses, nearly all patients with PD will ultimately require
levoddc P

COMT inhibitors potentiate the effects of carbidopa-
levodopa and can be added to this medication as the disease
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advances and response to levodopa decreases, a phenomenon
called wearing off.

Anticholinergic medications such as trihexyphenidyl
are most effective for tremor, and may be used in patients in
whom tremor is the predominant disabling feature. Duge to
anticholinergic side effects such as confusion, thiz medication
is often avoided in older adults.

MAQ-B inhibitors and amantadine provide only minor
symplomatic benehits and are sometimes used in carly dis-
ease. Some data suggest a possible neuroprotective effect of
rasagiline, but this is debated. Amantadine may also be useful
in patients who develop dyskinesias (see “Treatment-induced
dyskinesias in Parkinson's disease” below),

Regimens involving multiple agents are inevitably nec-
ciasary as the disease progresses, and must be individualized
for each patient (Fig. 23=2). As the dopaminergic pathways
continue to degenerate, the effect of levodopa may wear off
quickly between doses (off states), requiring higher doses
andfor increased dose frequency o maintain symploniatic
reliet (on states). Taking levodopa on an empty stomach may
increase efficacy (although may also increase nausea), Addi-
tional strategies at this stage include adding a COMT inhibi-
tor to potentiate the effect of levodopa, adding an MAOQ-B

Mitd {symptoms without disabllity)
Chptions: Mo treatmen! (walchiul wailing)
Trinescyphanidyl (for tremor; avoid in oldar patients)
MAQ-B inhibior
Amaniading

Symptoms aflecting activities of daily living and/or bothersome to patient
Optons: Dopamine agonist (in younger patiamns)
L

(Tritvexyphenidyl i oniy tremaor)

Symploms worsening on prior regimen
Opiiens: Add Levodepa (i nol on already)
Increase Lovodopa dose andfor frequency

Wearing off of eflect of Levodopa
Ciplions; Increase dose andior frequency of Levodopa
Add COMT imhitwior {may riqguirg decrease in Levodopa dose)
Add a
Add MADQ-B inhibitor

Dyskineslas
Options: Add Amarniading
Lower Lavodopa (perhaps increasing dopanvine agonizt if already on bath Levodapa and dopamine agonist)

Unable to effectively treat disabling offs without disabling dyskinesias
Congidar deep brain stimulation

FIGURE 23-2 Algorithm showing possible treatment options in patients with Parkinson’s disease at various stages of the disease,

See also algorithms in Connolly and Lang, 2014
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inhibitor. and/or adding a dopamine agonist. 1F a COMT
inhibitor or a dopamine agonist is added, a dose reduction in
levodopa may be necessary.

Treatment-induced dyskinesias in Parkinson'’s disease—
Degeneration of the dopaminergic pathway leads to hyper-
sensitivity 1o dopamine replacement, which can cause
dyskinesias (usually invaluntary chorecathetoid movemenis).
Dwskinesias usually arise after about 5 years of levodopa ther-
apy (as mentioned above, this is part-of the rationale given by
some clinfcians in delaying initfation of levodopa in younger
patients). Dyskinesias can be treated with addition of amanta-
dine or with lowering of levadopa dose, but this can lead toa
“rock and hard place” scenario between the patient being “ofi™
{parkinsonian) and “on” but dyskinetic. At this point, deep
brain stimulation may be considerad.

Deep brain stimulation in the treatment of Parkinson’s
disease—Deep brain stimulation (DBS) is performed by
surgical implantation of stimulating leads in the subthalamic
nuclens (3TN) or globus pallidus interna (GPI) connected to
a stimulator that is'placed tn the sofi tissue of the chest. The
parameters of the stimulator can be adjusted by an external

programming device, DBS increases the amount of time the

spends in the “on” state without dyskinesias. Patients

will not improve bevond their best response to levodopa and

ions, although often levodopa doesing

miay account in part for the reduction

s motor symptoms, and BEmer-
improvement in non-motor aspects of
ognitive impairment or psychiatric dis

it considered candidates for DBS, Surgi-

of 85 inelude intracenéhral hemorrhage

m, although these are nol common

lardware com ions can occur due (o lead

o In addition to PD, DBS can also be

il tremor-and dystonia, although it is not

kinson-plus disorders.

Drug-Induced Parkinsonism

Parkinsonism can be induced by dopamine-blocking agents,
h

MGl COomne

« Antpsychotics: more common with typical/first-generation
antipsvchotics, but can ocour with atypical/second-generation
antipsychotics

« Dopamine antagonist antiemetics: metoclopramide,
prochlorperazine
« The rarely used antihypertensives reserpine and

alpha-methlvdopa

Dirug-induced parkinsonism can also be seen rarely
with antiepileptics (most commonly valproic acid, although
this more commonly causes isolaled tremor rather than
parkinsonism).

In drug-induced parkinsonism, bradykinesia and rigid-
ity are typically symmetric but can present asymmetrically
as in PI. Tremor may be at rest, postural, or both. Symp-
toms generally emerge within months of starting the offend-
ing medication but can also emerge with change of dosage
later in the course of medication treatment. Other associated
drug-induced movement disorders such as tardive dyskinesia
and akathisia may also be present (gee "Tardive Dyskinesia”
below), although drug-induced parkinsonism may be pres-
ent in isolation. Treatment is ideally discontinuation of the
offending medication when possible. If ongoing antipsychotic
treatment is necessary for the underlying disorder, clozapine
can be considered (although this requires monitoring of com-
plete blood cell count [CBC] due to risk of developing agranu-
locytosis with this medication). Most cases of drug-induced
parkinsonism are reversible, although this can take months. It
a patient requires a particular typical or atypical antlpsychotic
for the underlving psychiatric condition and cannot be on'a
lowwer dose or changed to anather medication, anticholinergic
medication (e.g., benziropine) may be used as symptomatic
treatment. Dopamine replacement is generally ineffective.

An important diagnostic consideration in older patients
whao develop parkinsonian symptoms while on antipsychotic
medications or dopamine-blocking antiemetics is whether
idiopathic PD is emerging or being in some way “unmasked”
by antidopaminergic therapy. In such patients— espechally
if there is no improvement with removal of the offending
agent—dopamine transporter imaging can be useful since this
will be normal in drug-induced parkinsonism but abnormal
in P (or any Parkinson-plus syndrome).

Parkinson-Plus Syndromes

The Parkinson-plus syndromes (alzo called atypical parkin-
sonism) are nearodegenerative diseases that cause parkinson-
ism but also have additional features not seen in Parkinson's
disease. The Parkinson-plus syndromes include multiple sys-
tems atrophy (MSA), progressive supranuclear palsy (P5P).
corticobasal syndrome (CBS), and dementia with Lewy bodies
(LB} (see Table 23-3). With the exception of CBS, parkin-
sonism is typically symmetric at onsel compared to the unilat-
cral omset typically seen in Parkinson's disease,

Multiple Systems Atrophy

Multiple systems atraphy (MSA) is a disease characterized
by parkinsonism and/or cerebellar dysfunction accompanied
by autonomic dysfunction. Two variants of the disease are
recognized, which are named based on their predominant
feature: MSA-P (P for parkinsonism; formerly called striato-
nigral degeneration) and MSA-C (C for cerebellar; formerly
called olivopontocerebellar atrophy). Parkinsonian features,
when present. are typically syrumeiric al onset (as compared
to asymmetric in Parkinson's. disease), and tend 1o progress
more rapidly than in Parkinson’s discase. Tremor iz notl a pre-
dominant feature, and when present is most commonly an
achon reimor as nﬁp}'bt‘lﬁl’.'d i Lhe rest Lremor 1_],rpi,,_-ﬂ||:‘- SO in



BLE 23-3 clinical Features of the Parkinsonian Syndromes,
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Parkinson's Dementia With Multiple Systems Progressive
Disease Lowy Bodies Atrophy Supranuclear Palsy Corticobasal Syndrome
Distinguishing Farknsonism Cementia AUTGnomAs Earhy falls Ablen limb
feature(s) ! dysfunction
Hallcifat e Vertical gaze Apraxia
Fluctuations Sranction Myoclonus
Aotor leatures Diyskimesias with AR Cerebellar andfor Prominent awial Paskinsamism
in addition to dopamine pyramadal signs figidity
parkinsonism) ACETIEnT Alen Nmib
therapy Apraxia
Myoclonus
I akly egins Typicafly bilateral Typically bilateral Typically bikateral Typically unilateral

alfy, bast may

Present in some
patients

Promnent
Drysarthric
Siridor

s0s

Mot cross buns
sign in pons
{Fig. 23-3}

Mone ar minkmals

Earky (Executive
dysfunction
promanent)

Linvusual
Dysarthric

Eye mowement abnor-
maalities [see [ex)

Lt

Hurmming bird and
Mickey Mouse signs
due o midbrain
atrophy (Fig. 23-3)

Mo or minimal’

Lage

Uniisual
Mot usually impalred
RFA

605

ALymimetric pariazalf
basal ganglia atrophy
and hypsamietabolism

Mane or minimal/

bilateral
ma 1 Early (visuospatial
chysfunction
prominEne)
Autonomic atedmikd Late
speech rrhomic Mot usually impaired
Orthar Treatment-induced Hallucinations,
dyskinasias fluctuations
Avarage age of 60 S(-B0s
onset
Heurgimaging Mo Andings on Termnpora-oocipital
struciuwral hypometabalism on
neuroimaging PET
Response to s Mane or minsmal/
levadopa transient
Fathology Symuchisin Synusclein

transient transient transient

Synuchain Tau Tau, AD

Beeviations: AD: Alhesimers ditease; PET: position emisson iomography.

car have abnormal dopamine tramspodter imaging

Parkinson's disease (although rest tremor can occur in MSA).
futonomic dysiunction in MSA can manifest as orthostatic
hypotension, urinary incontinence, and/or erectile dysfunc-
tion. These autonomic features may also be seen in Parkin-
son's disease and dementia with Lewy bodies, but are typically
milderin those diseases.

Additional features of MSA can include anterocoilis
(forward flexed posture of the neck), Piza syndrome (head,

neck, and trunk flexion to one side like the leaning tower of

Pisa), hyperreflexia and/or Babinski's sign(s), dysarthria and/
or dysphagia, nocturnal strider, pseudobulbar affect (uncon-
trolled laughing andfor crying), andfor Raynaud’s phenom-
cnon. Although parkinsenian features may initially respond to
levodopa in some patients with MSA leading te diagnostic con-
sidderation of Parkinson's disease, this response is generally not
sustained, and levodopa may worsen orthostatic hypotension.

In MSA-C. MRI may reveal the “hot cross bun® sign
||;'~.;'||||:1]i|1y‘ a ]'Ill_l'\ :-'-iH,I'l in a circle) in the pons due (o J.tl,','!_l'a""-
eration of the crossing corticopontocersbellar fibers des-
tined for the middle cerebellar peduncles (Fig, 23=3), MRI

FIGURE 23-3. mnlin multiple systems atrophy. Axial FLAIR
MRI demonstrating the “hot cross buns® sign and middle cerebellar
peduncle atrophy in a patient with M5A-C.
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abnormalities may also be present in the putamen, and atro-
phy may be seen in the putamen, middle cerebeéllar peduncle,
pons amdior cerebellum; these structures mav also demon-
strate hypometabolism on PET. Dopamine transporter imag-
ing may be abnormal (decredsed uptake in basal ganglia), but
this can occur in any neurodegenerative parkinsonian: syn-
drome and does not distinguish between them:. Treatment is

=Uppo rhve.

Progressive Supranuclear Palsy
Progressive supranuclear palsy (PSP) is characterized by

| d}':‘!urﬁ\!u-n I|1.'.||.{;:|'|:.; ik :-.'||iw'. and |.|..'1||-:||'|'.|.1!u| Lj!.'\jl.llh"

tion (most commonly problems with vertical gaze). The first
svmplom is usualhy falls, commonly backward. The vertical

gaze palsy characteristic of the disease mav nol be present

ideration of Par-
Wwever, tremor is rare in PSP, and most
of the rigidity in PSP 1% axial (neck and back) rather than in

initially, leading to initial diagnostic cons

kinzon = disease, H

the extremities as is commonly seen in Parkinson's disease

ients have diticulty looking up and down voluntarily, but

1ce the name of the

Ve 0N

CENALC Mancuyers (SInce

F Py [
VErbical pase

1 normal

1re oftén

Other features of PSP include dysarthria andior dysphagia,
a startled/surprised appearance of the face, retrocollis, and
ccular motor findings including square-wave jerks (sac-
cadic intrusions away from the point of focus), eyelid open-
ing apraxia (difficully reopening the eyes after closure), and
failure to suppress the vestibulo-ocular reflex (see “The YVes-
tibulo-Ocular Reflex” in Ch, 12). The clap sign (inability to
clap only three times and then stop; i.e., patient keeps elap-
ping due 1o motor perseveration) is often associated with
PSP, but can be present in any neurodegener:

MNeuroimaging can reveal midbrain atrophy  without
pontine atrophy, resulting in a "hummingbird™ appearance
of the brainstem in midsagittal view (Fig. 23-4A). However,
the brainstem in this view looks like a bird eve
patients, and the pattern of midbrain atrophy in F5F may be
more easily identifiable in the axial plane as a "carving oul” afb
the space between the cerebral peduncles creati Mickey
Mouse” appearance (Fig. 23-4B). As in MSA, levodopa may
be helpful initially but often is not, and any response is often
mild and transient compared to Parkinzon's discase. There

1iive disease,

n in normal

fore, treatment I8 supportive.

Corticobasal Syndrome and Corticobasal
Degeneration

Corticobasal syndrome (CBS) refers to a clinical phenotype.
and corticobasal degeneration (CBD) refers to a pathologic
diagnosis (based on a specific anatomic distribution of tau
thology). The clinical phenotype of CBS can be caused by
CBD pathology, but also by Alzheimer’s disease (AD) pathaol-
ogy, progressive supranuclear palsy (PSP) pathology, fron-
totemporal dementia (FTD) pathology, or mixed pathology:

FIGURE 23-4. MRlin progressive supranuclear palsy. A: Sagittal Th-weighted MR demaonstrating the hummingbird sign (midbeain
atrophy with spared ponsh. B: Axial TT-weighted MR demonstrating the Mickey Mouse sign (decreased ameropostenion size af the mildbrain
when measured from between the cerebral peduncles to the SUpeTion ollicull, leading ta a “carved out” appearance betwesn the eercbral

peduncles),



CBD pathology can give rise to clinical syndromes of CBS,
PSP, FTI}, an AD-like picture, or a mixed phenotype,

dymptoms of CBS are typically asymmetric (like
Parkinson's disease, but unlike MSA and PSP), and the affected
side may demonstrate both cortical findings (such as myoc-
lonus, apraxia, sensory neglect, andfor the alien limb phe-
nomenon [involuntary  purposeful limb movements]) and
subcortical iindings (such as parkinsonism, dystonia). Demen-
tia, dysarthria, and eve movement abnormalities (saccadic
breakdown of smooth pursuit and/or slowed saccades) may be
present, Meuroimaging may reveal asymmetric parietal cortical
atrophy (most pronounced contralateral to the affected limb)
and PET may demonstrate asymmetric decreased cortical and
basal ganglia metabolism. Treatment is supportive.

Dementiz Lewy Bodies

In l.||."li1|.‘:|ti-: with Lewy bodies {DLB), parkinsonizm (usually
wccompanied by dementia, hallucinations, and
Huctuations in level of arousalimental state. Unlike Parkinson's
1, in which the motor features of parkinson-
ism precede the development of dementia by years, in DLB,
dementis and parkinsonism usually arise concurrently.

For further discussion of DLB, see “Dementia With Lewy
“in Ch. 22.)
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OTHER MOVEMENT DISORDERS

Tardive Dyskinesia
Long-term use of dopamine blocking agents over months to
yvears can lead 1o tardive dyskinesias: involuntary choreoath-
clotic movements most commonly involving the mouth and/
or tongue (although they can accur in any part of the body).
Tardive tremors, dystonias, and akathisia (restlessness) can
also occur, The typical (first-generation) antipsychotics are
the most common culprits, although tardive dyskinesia can
be caused by atypical (second-generation) antipsychotics.
Tardive dyskinesia can alse occur after discontinuation of
antipsychotics, especially when stopped abraptly. Prolonged
metoclopramide use can also cause tardive syndromes.
Treatment of tardive dyskinesia is by withdrawing the
offending agent by slow taper, although symptoms may persist
for months or even years. However, in many patients, antipsy-
chotic drug withdrawal may be contraindicated from a psy-
chiatric perspective, Ideally, such patients should be switched
to an atypical antipsychotic, or iCalready on one, 1o clozapine
or quetiapine, which carry the lowest risk of tardive dyskine-
sia. Clozapine requires regular monitoring of CBC due to rigk
of agranulocytosis. When a patient requires ongoing antipsy-
chotic medications that cannot be changed or lowered indose
from the psychiatric perspective, tetrabenazine or a benzodi-
azepine may be initiated, or trihexyphenidyl may be utilized
for the treatment of andive tremor, Deep brain stimulation
iy be used in severe cases nolresponsive o medications,
Ideally, tardive dyskinesia can be prevented by avoiding long-
term use of typical antipsychotic agents when possible,
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Restless Leg Syndrome

In restless leg syndrome (RLS), patients feel unpleasant sen-
sations in the legs (such as crawling, aching) causing a desire
to move, and moving the legs relieves the sensation. This
typically occurs at night in bed, or when resting late in the
day. RLS should not be confused with periodic limb move-
ments of sleep (PLMS), which are actual movements of the
limbs during sleep. PLMS are commonly present in patients
with RLS, but many people have PLMS without RLS, PLMS is
more likely to be noted by the bed partner (since the patient is
asleep), whereas RLS is noted by the patient.

Most cases of RLS are idiopathic, but an important
reversible cause for which to evaluate is iron deficiency ane-
mia, When RLS iz due to iron deficiency anemia, symploms
often respond to iron replacement. Pregnancy and diabetes
are predisposing factors to RLS (although evaluation for iron
deficiency should be performed in such patients as well), It
is also important to evaluate for an underlying neurapathy,
which may produce similar symprtoms or coexist with RLS.

First-line treatment for disabling RLS symptoms is with
dopamine agonists, although gabapentin or pregabalin can
also be wsed. With long-tenm dopamine agonist use, symp-
toms may worsen in severity and timing (i.e., beginning earlier
in the day), a phenomenon called augmentation. Levodopa
carries greater risk of augmentation than dopamine agonists,
and so it should not be the initial agent used for treatment of
RLS. If aupmentation occurs, patients can be switched from
one agonist to another or from dopamine agonists 1o gaba-
pentin or pregabalin. In patients who do not respond to any
of these drug classes, opioids may be effective.

Stiff Person Syndrome

In stiff person syndrome, patients develop muscle stiffness
and spasm first in the axial muscles, and later in the proxi-
mal extremity muscles. Stiffness is generally apparent in how
the patient walks, and palpable paraspinal muscle rigidity is
present on examination. EMG, if performed, will reveal con-
tinuous muscle activity, The syndrome may be a sporadic
autoimmune syndrome (associated with anti-glutamic acid
decarboxylase [GAD] antibodies and often accompanied by
other autoimmune discases such as type 1 diabetes) or para-
neoplastic (associated with anti-amphiphysin antibodies),
Therefore, patients with stiff’ person syndrome should be
evaluated for underdying malignancy. Treatment is with diaz-
epam and immunomoedulatory therapy (usually steroids andf
or intravenous immunoglobulin [IVig]).

Hemifacial Spasm

Hemifacial spasm is a condition in which there are paroxys-
mal contractions of half of the face. Meuraimaging may reveal
avascular loop compressing the facial nerve, Botulinum toxin
is a highly effective treatment, but some patients respond to
carbamazepine. Microvascular decompression of the facial
nerve may be considered in refractory cases.
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Faciobrachial Dystonic Seizures

An important differential diagnosis to consider in patients
with hemifacial spasm is faciobrachial dystonic seizurcs.
These are very brief episodes in which there is momentary
dystonic posturing of one side of the face and the ipsilateral
army, which may occur many times per day (or even per hour)
after onsel. This entity {s important 10 recognize as it is asso-
ciated with anti-LGI! (leucine-rich, glioma inactivated 1)
antibodies. Faciobrachial dvstonic seizures often precede the
development of limbic encephalitis associated with anti-LG11
antibodies, and development of limbic encephalitis may be
prevented by early institution of steroids upon recognition
of faciobrachial dvstonie sefzures (Irani et al., 2011; Irani
et al., 2013). This'is one of the autoimmune encephalitides that
is most commonly not associated with an underlying malig-
nancy, although it may rarely be associated with thymoma or
small cell lung cancer {see ~Paraneoplastic Syndromes of the
Nervous Svstem” in Ch. 24).

Wilson's Disease

Wilson's disease is an autosemal recessive disease that affects
the lver and brain, presenting in childhood or early aduli-
hood. Many of the neurologic manifestations are movemenl
cisorders. which can include parkinsonism, tremor. dystonia,

ataxia, and/or chorea. The classic tremor of Wilzon's disease is
a wing-beating tremor elicited by having the patient sustain
the arms elevated with elbows flexed (like wings). Cognitive
and psvchiatric symptoms are common. Seizures may occur.
A pathognomonic ocular finding, the Kayser-Fleischer ring(a
dark ring encircling the periphery of the iris}, is almost always
present in patients with neurologic manifestations of the dis-
ease, The diagnosis can usually be made by decreased serum
ceruloplasmin and increased urinary copper on 24-hour urine
collection, but liver biopsy may be necessary if these tests are
inconclusive, Treatment with copper chelation {D-penicilla-
mine or trientine) can be highly effective. In cases refractory
ta such treatments, liver transplantation may be conskdered.
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INTRACRANIAL TUMORS
Brain Metastases
Leptomeningeal Metastases [Carcinomatous
Meningitis)
Primary Intracranial Tumeors
TUMORS OF THE SPINE
TUMORS OF THE CRANIAL NERVES
Mumb Chin Sign
Primary Cranial Nerve Tumors: Schwannomas
TUMORS OF THE PERIPHERAL NERVOUS 5YSTEM

The nervous system can be affected in zeveral ways in palients
with neoplastic disease:

Directly due to primary nervous system tumaors or metasta-

ses 1o nervous system structures

« Indirectly due to:

« Tumors of non-neurologic origin impinging upon
nervous system structures

« Toxicities of chemotherapy and radiation therapy

» Paraneoplastic syndromes affecting the nervous system

Therefore, in patients with a known history of systemic
malignancy, the differential disgnosis of new neurologic symp-
toms includes direet effects of the cancer itself (metastases to
or compresston of neurologic structures), complications of
treatment (radiation or chemotherapy), and paraneoplastic
syndromes. Direct (metastases) or indirect (parancoplastic)

NEURCCUTANEOUS SYNDROMES AND ASSOCIATED
MERVOUS SYSTEM NEOPLASMS

NEUROTOXICITY OF CHEMOTHERAPY AND RADIATION
THERAPY

Neurctoxicity of Chemotherapy
Neurotoxicity of Radiation Therapy
PARANEOPLASTIC SYNDROMES OF THE NERVOUS SYSTEM
Autaimmune Limbic Encephalitis
Opsoclonus-Myoclonus/Opsoclonus-Myacdonus-Ataxia
CEREBROVASCULAR COMPLICATIONS OF CANCER

effects of systemic malignancy on the nervous system may
also be the presenting feature of a systemic cancer.

INTRACRANIAL TUMORS

Brimary or metastastic intrcranial tumors may present with
headaches, seizures, andfor focal neurologic deficits. Progres-
sive focal neurologic deficits can oecur if the tumor affects an
eloquent area (eg. affecting motor, speech, visual, or cerebel -
lar pathwaysk Diffuse infiltrative lesions or diffuse metastases
can present with global cognitive d}'sfl.lnu.'liun andfor personal -
ity changes without abvious focal deficits. Some patients with
intracranial tumors may present frst with & sefzure with no
preceding history of nenrclogic dysfunction or headache. Brain
metastases may also be discovered in the presymptomatic stagze
as part of a staging evaluation fora known systemic malignancy.

255



256 PART Il Disecases of the Nervous Svstem

Particular tumors (o consider in particular clinical sce-
narios include:

= Hearing loss, tinnitus, imbajance: cerebellopontine angle

tumor (mast commonly vestibular schwannoma or
mEningiona)

Bitemporil hemianopia: piliitary tuioers, craniophanmgiom
) F Yk

Unilateral
.‘-|1l.‘.%l!1 ::Ih.‘;]l.’:g:l::ll'.%:]. Oor t'li.‘la.".l‘-ﬂ' :.::I'U:H't' mcmngumm

visual disturbance: optic glioma, optic nerve

(olfactory groove meningioma may also cause unilateral

loss of smell)

Multiple cranial '.'.-.'uru:\;\.a!'niu: skull base lesion., brainstem

lesion, orl _i"'ll.'J:'I'Il.'n'-'-Jl'I!..'{'dI MeTasinaes

In general, steroids are often used for the treatment of
peritumoral vasogenic edema‘in patients whose brain tumors

are symptomatic (e.g.. headache and/or focal defcits) az a

resull of the location and size of the mass and its surround-

ing edema, It should be noted that steroids are part of the
treatment for primany nervous sysiem lvmiphoma and can
lter biopsyv results if administered prior to biopsy, There-

r primary ceniral nervous svs
I ided until afer

ures occur due

el I..!'I:Li Iiwr:_'

carcinoma, and choriocarcinoma have the highest propensity
for intratumoral hemorrhage. However, given that lung
cancer is the most common cause of cerebral metastases, it
is the most common cause of hemorrhagic brain metastases.

Gastrointestinal cancer metastazes have a predilection for
the posterior |-I,!\\;I Prostiate cancer :'Jnl!.' VEry ra r1.‘-|:.' metasta-
sizes to the brain, but can metastasize to the skull andfor dura
mater, causing neurologic symptoms by impinging upon the
brain and/or cranial nerevs

The evaluation of a single brain lesion suspicious for
neoplasm requires a search for systemic malignancy includ-
ing imaging of the chest, abdomen, and pelvis with CT and/
ar PET. However, even if a systemic malignancy is found, an
isolated CNS lesion could still be an independent primary
brain tumor rather than a metastasis, s0 brain tissue may still
ultimately be required for diagnosis.

Treatment of brain metastases involves surgical resection
(for large, symiptomatic metastases), sterectactic radiosurgery,
and/or whole brain radiation.

Leptomeningeal Metastases

(Carcinomatous Meningitis)

Leptomeningeal metastases (carcinomatous meningitis) can
canse headache. nausea/vomiting, cranial nerve inviolvement,
dior confusion. Spinal leptomeningeal involvement can
cause back and radicular pain due to involvement of nerve
roots. Common causes of !n;']'rl_:_'|||“'|'||:'|g¢';|| melasiases include
breast cancer, lung cancer, hematologic malignancies, and
nelapoma. Leptomeningeal metastases often have no accom-
ving brain metastazes. They may rarely be the presenting

= of 4 systemic malignancy. Contrast-enhanced brain
reveals enhancement of the leptomeninges, which
noted in the cerebellar folia, surrounding the brain-
and invaginating the cerebral sulci {Fig. 24-2). Hydro-
cephialus may also be present. A normal MR1 does not exclude

FIGU RE 24-1 Cerebral metastases. Axial T1 -wi-lghl:-.\u postconirast MRI images demonst rating rmultiple s mall *.‘I'Il'l-'iﬂ{inl:_l lesions at the

gray-~white jJunction in a patient with breast cancer.
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cptomeningeal metastases. Axial T1-weighted postcontrast MAIimages demonstrating enhancement in the cerabral

oS cptomeningeal metastases, and definitive

tecting malignant cells inithe cerebro-

spinal Nuid (CSF) by |_'\.I|,'|||;|1_g'_r-:|||:|1.\' cytomelry. Treatment of
metastases is directed at the primary underly-

Enosis is generally poor

rimary Intracranial Tumors

rors can arise from any of the struc-

ry intracranial o
s and constituent cell types of the central nervous system,

cluding:

Glial cells: astrocytoma, oligodendroglioma, glioblastoma

see Table
Meurons: neurocytomas, gangliogliomas, gangliocytomas
Meural progenitor cells: medulloblastoma, neuroblastoma
The meninges; meningionya

Choroid plexus: choroid plexus papilloma and choroid
plexus carcinoma

Ependyma: ependymoma

Pineal gland: pinoplastoma, pineocytoma

TABLE 24-=1 Tumors of Glial Lineage.

ebellar Fodia and surrounding the brainstem (B) in a patient with braast cancer

« Pituitary: pitnitary adenoma
« Hematologic system: primary CNS lymphoma, intravascu-
far lymphoma

Meningiomas and glial tumors are the most common
primary intracranial tumors, although both are less common
than metastases.

Meningiomas

Meningiomas are dural based lesions that enhance unitormly
on contrast-enhanced neurcimaging and often have a dural
tail of enhancement at the marging of the tumor (Fig. 24-3).
Compression of local nervous svstem siruclures can cause
focal deficits andfor seizures. Treatment of meningiomas is
surgical. Postoperative radiation therapy is used for grade 3
{anaplastic) meningiomas and incompletely resected grade 2
{atypical) meningiomas. Radiation therapy without sur-
gery may be considered for patients whose meningiomas
are inoperable, or in patients who are not good surgical
candidates. Meningiomas may be discovered incidentally
when brain imaging is performed for another reason.

Call Lineage of Origin
Astrocytic Lineage Oligedendroglial Lineage Mixed Lineage
Grade
1 PFilocytic astraytoma
Subependymal glant cell astrocytorna
2 Diffise astrocytoma 0|lg|.'|thﬂdrpqh.gm.1. I!','lllgu.);l,rn:.ywma
Pleomarphic xanthoastrocytoma
3 Anaplastic astrocytoma Anaplastic eligodendroglioma Anaplastic oligoastrocytama

4 Gliablastoma rmultiferme
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FIGURE 24-3 Meningloma. Axial T1-weighted postcontrast MRI
image demonstrating & keft frontal meningioma that enhances homog-
enously and has a dural tail extending peripherally on'each side.

ival even with

L WCT '.:I'.'ﬁl.J-.' LUIMnTrs Can

rovier a decad tmeeml

i
FLEOITERS aAre

typically
:‘:"-ii:::-\.'."l"- lestons with little or no contrast

ig. Z4=4). Glioblastoma appearsas a contrast -

i 3 necnolic aAppearing center, and ofien

white matter tracts such as across the corpus
f "||~”"||| .-'] 1_|

I'reatment regimens for gliomas invelve maximal surgical
resection (when feasible), fractionated focal radiation therapy,
and chemotherapy (with temozolomide).

Gliomatosis cerebri is an infilirating, usually high-grade,
glial cell tumor that appears as diffuse and conlluent on neu-
roimaging studics bul generally does not enhanee (Fig. 24-6).
Given its inoperability, prognosis is poor.

Primary CNS Lymphoma

Primary CXS lymphoma is most commonly a diffuse large
B-cell l‘-‘ﬂ'lphﬂllﬂ It can occur in normal healthy patients as
well as in immunocompromised patients, in whnm it pecurs
in association with Epsiein-Barr virus (EBV ) (e.g., in patients

FIGURE 24~4 Low-grade glioma. Axial FLAIR MRIimage dem-
anstrating T2/FLAIR hyperintensity with gyral expansion in the right
frontal lobe. There was no enhancement on postocontrast images (not
shownl. Pathology revealed oligodendroglioma (grade 2.

with HIV/AIDS). Neuroimaging demonstrates one or more
contrast-enhancing lesions in the supratentorial or infraten-
torial white matter that may show central diffusion restric-
tion due to high cellularity (Fig. 24-7). This appearance is not
specific, and therefore biopsy is often necessary for definitive
diagnosis. Lumbar puncture may reveal the diagnosis if CSF
is evaluated with cytology and flow cytometry, although this
can take up to three large-volume lumbar punctures to make
the dizgnosis. If lymphoma is under consideration, steroids
should be avoided prior to biopsy as they may alter biopsy
results. Treatment is with chemotherapy, and radiation is
used in some cases; surgery is nol indicated. Intravascular
B-cell lymphoma limited to the lumen of blood vessels is dis-
cussed in Chapter 19 (see “Intravascular Lymphoma™).

TUMORS OF THE SPINE

Spinal tumors generally present with back pain and a sub-
acule n]}'uh:l};uh'!.‘ {v:u: Ch. 5}. Tf ll'lﬂ.: wnebnﬂ bodies are 1.hE
site of involvement, a vertebral fracture may lead to acute
myelopathy. The back pain from spinal tumors is often worse
when the patient is lying down (compared 1o benign etiolo-
gies of back pain that tend to improve in the supine position).
Spinal tumors are generally classified by their compartment:
intramedullary, extramedullary intradural, or extramed-
ullary extradural. Just as in the brain, metastases are more
common in all of these compartments than primary spinal
Tumors.
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lioblastoma. Axial (A) and Coronal (B) T1-weighted postcontrast MRI images demonstrating an enhancing lesion crossing

sutterfly glioma®)

ating a diffusely infiltrative lesion affecting
nton T1 postcontrast sequences (C-D), b

FIGURE 24-6 Gliomatosis cerebri, Axial FLAIR MRI {A-B) demonstt all lobes of the brain

bilaterally, erossing the corpus callosum, with no enhancemd
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. wgenously enhancing (Bl diffusion restricting (C-D) lesion.

intramedul-

sojnal cord fself):

i, astrocytoma, glioblastoma,

« Extramedullary [outside spinal cord), further divided

IO TWO SUbDIalegories:

« Extramedullary intradural: dural metastases. menin-
gioma, schwannoma, neurohbroma

+ Extramedullary extradural: bone metastases or primary
tumors of bone

Myxopapillary ependymoma is a particular type of
ependymoma that arises from the conus medullaris and pres-
ents with symptoms referable to the conus meduollaris and
canda equina (see "Cauda Equina and Conus Medullaris
Syndromes” in Chapter 17).

Depending on the compartment, rapidity of symptom
onsel, and 1ype of tumor, steroids, radiation therapy, andfor
surgery are ireatment options for spinal tumors.

Primary CNS Lymphoma. Axial FLAIR (A, T1-posteontrast (B), DWI (C), and ADC (D) MR images demonstrating a left

TUMORS OF THE CRANIAL NERVES

The cranial nerves can be affected by:

Primary tumors of cranial perves, such as schwannoma,
optic nerve glioma, cranial nerve neurolibroma

Skull base tumors, including olfactory groove meningioma
Metastases to the orbit, cavernous sinus, skull base, or
leptomeninges

Tumaors of facial structures including parotid tumor aiffect-
ing cranial nerve 7, or nasapharyngeal carcinoma invading
the skull base

Tumors of other intracranial structures, such as glomus
jugulare tumor affecting cranial nerves 9, 10, and L1, or
pituitary adenoma affecting the optic chiasm

Perinecural spread of head and neck cancers ;jlcunu the
branches of the trigeminal andfor facial nerves, which is
most commaoenly caused by squamous cell cancer of the skin
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Cranial nerves can be affected’ individually or together
in any of the above scenarios, and a new cranial neuropa-
thy in a patient with known malignancy requires MRI with
contrast to look for metastases in any of the sites above. [F
no lesion is revealed, CT of the skull base may demonstrate
bony disease causing cranial neuropathy. As mentioned
above, imaging may be normal in patients with l;'pl:u:m:n-
eal disease, and in such cases, diagnosis requires C5F

logy,

Mumb Chin Sign

hin should raize concern for potential met-
static o v involving the mentalnerve (a branch of the
1e numb chin sign can be the first sign of
ithout a known history of cancer, or il can
metastatic digeage in a patient with known
incer (see “Numb Chin Sign™ in. Chapter 13).

Primary Cranial Nerve Tumors:
Schwannomas

schwannomas ¢an arise on any peripheral nerve myelinated
iy Schwann cells. This includes all of the cranial nerves except

inial nerve 2, which is part of the CINS, and so0 it is not
nyelinated by Schwann cells.

Vestibular Schwannoma

Schwannoma of the eighth cranial nerve (vestibular
schwannoma) is the most common cranial nerve schwan-
noma and one of the most common cerebellopontine angle
ILIIOFS ':li'u,"l:'li:'|!_;|u1'|'|.;_'| iz another common tumor at the
cercbellopontine angle). Vestibular schwannoma is also
referred to as acoustic neuroma, which is a less accurate
term since the tumor arizes from Schwann eells (not neu-
rons) and from the vestibular portion of the nerve (not the
auditory portion). Vestibular schwannoma typically pres-
enis with subacute to chronic unilateral sensorineural hear-
ing loss and/or tinnitus. Dizziness/vertigo is less common
because the tumoer develops slowly, allowing for central
compensation for peripheral vestibular dysfunction. The
tumaor can impinge on the seventh cranial nerve (both cra-
nial nerve 7 and cranial nerve & travel in the internal audi-
tory canal), and large tumors can compress the brainstem
andfor cerebellum. MRI with contrast is the ideal imaging
madality for diagnosing this tumor, which tends to enhance
uniformly (Fig. 24-8). Depending on the size and rate of
growth, walchful waiting with radiologic surveillance, sur-
gery, or stereotactic radiosurgery may be considered as
treatment strategies, Bilateral vestibular schwannomas are a
hallmark of neurofibromatosis type 2 (see “Neurocutangous
Syndromes and Assoclated Mervous System Neoplasms®
below).

F I G.U RE 24-8 Vestibular schwannoma, Axial T1 "\\'A‘il.:]h'l.l_'l.'l
postcontrast MR image demonstrating a homogenously enhancing
mass at the left cerebellopontine angle.

TUMORS OF THE PERIPHERAL
NERVOUS SYSTEM

Merve roots, the brachial and lumbar plexus, and periphzral
nerves can be compressed or infiltrated by tumor. Any spinal
tumor or metastasis can cawse root compression. Apical lung
tumors and axillary lymph node disease from breast can-
cer are examples of malignancies that can attect the brachial
plexus; colon, urologic, or gynecologic cancers may affect
the lumbosacral plexus, Differentiating plexus compression/
infiltration from radiation-induced plexopathy is discussed in
Chapters 16and 17,

Meurolymphomatosis refers to inhltration of one or
more nerves or nerve roots with lvmphoma, This may occur
in patients with known lymphoma or it may be the initial pre-
sentation of the disease.

Primary tumors of the peripheral nervons system are
rare. They can occur in isolation or in the setting of neurofi-
bromatosis (see " Neurocutaneous Syndromes and Associated
Nervous System Neoplasms™ below). Tumors of the periph-
eral nervous system include schwannomas, neurofibromas,
and malignant peripheral nerve sheath tumors. Meurofibro-
mas can affect the small nerve fibers of the skin (dermal neu-
rofibromas) or larger nerves (plexiform newrofibromas),
Plexiform neurofibromas can undergo malignant transfor-
mation o become malignant peripheral nerve sheath tomors.
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The primary svmploms of all of these peripheral nerve tumors
are pain and a dencit in the region supplied by the nerve, and
a mass may be palpable on examination. MR is the preferred
diagnesiic imaging modality. and blopsy is nsually necessary
to make a definitive diagnosis,

The term neuroma refers (o thickening of a portion of a
nerve, often secondary to trauma (e.g., Morlon's netroma in
the foot caused by injury from running). Neuromas are not
neoplastic.

NEUROCUTANEOUS SYNDROMES
AND ASSOCIATED NERVOUS SYSTEM
NEOPLASMS

Neurocutaneous syndromes are multiorgan system discases
that invalve the nervous: system and skin. The neurocuta-
neous disorders most commonly associated with nervous
systém tumors are neurofibromatosis type 1 (NFL), neurofi-
bromatosis type 2 (NE2), and tuberous sclerosis (TS5). Thess
are all autosomal dominani. The nervous system tumors, skin
findings, systemic findings, and genetics of these conditions
are compared in Table 24-2, Mnemonic to remember which

skin findings are seen in T5: Tubers are a type of vegerable

that grows in the ground, so remember: Tubers grow i a feafy

Tl | oGy 4si fgal '\-i"‘l.". 5 PERCh: Snagreen paich ),

NEUROTOXICITY OF CHEMOTHERAPY
AND RADIATION THERAPY

Neurotoxicity of Chemotherapy

Chemotherapeulic agents can cause peripheral and central
nervous svstem complications (Table 24-3).

Chemotherapy-Induced Peripheral Meuropathy
The most common chemotherapy-induced neurotoxicity is
peripheral nesropathy. Commaon culprits include platins, tax-
anes, vineristing, and bortezomib. The neuropathy emerges
during treatment, and is most commonly sensory (although
may be sensorimotor). Oxaliplatin neuropathy is distin-
guished by painful paresthesias at the time of infusion, often
worsened by cold temperature,

As with other toxic neuropathies, the symploms of
chemotherapy-induced newropathy may worsen  follow-
ing termination of therapy (a phenomencen called coasting).
Although chemotherapy-induced neuropathy improves and
ofien resolves completely in most patients over the months
after chemotherapy has been completed, it may persist in
same patients. In patients presenting with neuropathy in the
setting of chemotherapy, it is prudent to check vitamin BI2,
hemoglobin Ale, and serum protein electrophoresis (SPEP)
with immunofixation to evaluate for any potentially reversible

AELE 24-2 Comparison of Neurcfibromatesis Type 1, Neurofibromatosis Type 2 and Tuberous Sclerosis.

Mol common nervous iE
SRR Tumars

Heurafibramatotis Type 1 Keurafibramatosis Type 2 Tuberaus Selerosis
L] Hilateral viestibular schwannoma Cortical tubers
Gl Meaingeoma Subependymal giant cell
astrocytomalSEGA)

Echwannomas of other nerves

Subependyrmal nodules

Spinal gliomas

Skin findings I Can have same skin findings as Ash leaf spots
Y, dbouoh lesscommony  gpugreonpatch
Axillary freckling Facial angicfibroma
Ungual/periungual filiroma
Systemic disease Bony abnarmalithes: Uncammen Cardiac rhabdomyama
+ Sphenoid wing dysplasia Renal angiomyolipoma
« Thinning of long banes
Vascular abnormalities:
+ Renal anery stenosis
= Maoyanioys
+ ANEUFYSING
Ocular Lisch nodubes of s Canaracts Retinal hamaroma
Chromosome/Gene 17 eurahibromin 22/ Merlin SiHarmartin
16/ Tubenn

Abbaessaticns: K1 Keurohbromatous 1; SEGA: subnpendymal glant oll astnocybome
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TAELE 24-3 cChemotherapeutic Agents Associated With Neurologic Complications.
Cerebellar
Encephalopathy Syndraome Seizures Vascular Complications PRES Myalapathy Nouropathy
Accti: Cytarabing Busulfan L-asparaginase (venous Bartezsmity Mathorrexate Plating
= [fgsfami imus th I i
el e fastanide sinus thrombosis) ChmMBIRSHEh fintrathecal) Meriting
= Mpthotresate Bevaclzumab (Ischemic chemotherapy
s Methotrexate stroke and intracerebral Taxanes
Chirgrae: heeman
Methotrexkate rhage} Thalidomide
- Bartezomib
2] Tuarcuracit: PRES: postenor reversible encephalopat by syndrome.
I al neuropathy that may have predisposed the radiation necrosis (pseudoprogression), although this must
s chemotherapy-induced neuropathy (see Ch. 27). be distinguished from actual tumor progression with serial
associated with  chemotherapy-induced imaging.
neuropathies, currentl guidelines recommend duloxetine Months to years following brain radiation, cognitive dehi-

(Hershman el sl 2004). Tricyclic antidepressants, gabapentin,
cam may alse be considered as for other

causes of a'll:'l.l.'l:ll'.l.:..'!

and capsaicin

Pan.

Chemotherapy-induced Acute CNS Neurotoxicity
An acute reversible encephalopathy, sometimes accom panied
v selzures, can occur within hours to days of administration
of methotrexate or ifosfamide. Acute methotrexate-induced
encephalopathy may present with focal features and cor-
responding areas of diffusion restriction on MRL An acute
eversible cercbellar syndrome can be seen with cytarabine
nd S-fluorouracil {5-FUY).

Chemotherapeutic agenls can cause poslerior revers-
ble encephalopathy syndrome (PRES; see “Fosterior Revers-
ble Encephalopathy Syndrome (PRES)” Ch. 19), especially in
combination, although bortezomib can cause PRES onits own.

Methotrexate-Induced Chronic Encephalopathy
In addition to the acute encephalopathy that can be caused by
methotrexate, patients can develop a chronic dementing syn-
drome that develops months to years after treatment. The MEI
correlate is a diffuse subcortical leukoencephalopathy (conflu-
ent periventricular white matter T2/FLAIR hyperintensities).
The risk of development of methotrexate leukoencephalopathy
is increased if the patient has undergone whole brain radiation.
Intrathecil chemotherapy (most commonly methotrexate)
can cause aseplic meningitis or myelopathy.

Neurotoxicity of Radiation Therapy

Radiation therapy can cause neurologic complications affect-
ing the brain, spine, andfor brachial ar lumbar plexus.

Meurctoxicity of Radiation Therapy to the Brain

The acute to subacute effects of brain radiation can include
headache, nausea, and ftigue. In some patients, worsening of
the focal symptoms related to the tumor may oceur and the
MRI appearance of the lesion may appear to worsen due to

<its cam develop subacutely, presenting as a dementing syn-
drome, The MRI correlate is a severe leukoencephalopathy
(Fig. 24-9).

Radiation can also affect the cerebrovascular svstem
(radiation vasculopathy), leading to stenosis or occlusion
of the carotid arteries or intracranial vasculature, which
can predispose to stroke or the development of moyamoya
{see “Moyamoya” in Ch. 19).

Strokelike migraine attacks after radiation therapy
(SMART) syndrome—35MART syndrome can occur years fol-
lowing brain radiation. It is characterized by transient focal
neurologic deficits, headache, and/or seizures. Symploms may
last from hours to days before resolving completely, During the
episode, the patient may clinically appear to have had a stroke,
although neuroimaging will not reveal one, and EEG does not
reveal ongoing seizure activity (both sefzure and stroke are
in the differential diagnosis for SMART syndrome). Neuro-
imaging shows a characteristic pattern of gyral enhancement
{Fig. 24-10), which also resolves following resolution of
symptoms if neuroimaging is repeated.

Radiation Therapy-Induced Cranial Nerve Palsies
Radiation can affect any cranial nerve(s) depending on the
field of radiation. For example, radiation-induced optic newu-
ropathy can cause painless subacute visual loss months or
even years following radiation to the pitultary {differential
diagnosis includes padiation-induced cataract).

Radiation Therapy-Induced Myelopathy

The spinal cord can be affected by spinal irradiation for pri-
ALY tumors or metastases or in the setting of mantle radia-
tion, which includes the neck and chest. Like radiation’s effects
on the brain, there can be both acute and chronic sequelaes of
radiation injury to the spinal cord. In the acute setting, tran-
sicnt painful paresthesias can occur, and L'hermitte’s sign may
be present. Months 1o years later, a subacute myelopathy may
develop, with corresponding T2 hyperintensity in the spinal
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FIGURE 24-9 Radiation-induced leukoencephalopathy. Axial FLAIR MRIimages demaonstrating T2/FLAIR hyperintensity in the subcortical

periventricutar white matter.

cord or cord atrophyv. Some experts recommend steroids and/
or hyperbaric oxygen to treat chronic radiation myelopathy.
but data are limited.

Radiation injory to the brachial plexus and lumbar plexus
are discussed in Chapter I6 and Chapter 17, respectively,
Radiation-induced plexopathy is typically painless and dem-
EMG: malignant infiltra-

s plexusis typically painful and does not demonsirate

anstrates myokvmic discharges «

{{SRER] |

e discharges on EMG.

FIGURE 24-10 SMART syndrome, Axial Tl1-weighted postoon-
trast MRIimage demonstrating gyral enhancement of the cortex of
thie majority of the left hemisphere.

PARANEOPLASTIC SYNDROMES OF THE
NERVOUS SYSTEM

Paraneoplastic conditions are cancer-related complications
not due to direct organ involvement or metastasis. The para-
neoplastic syndromes that directly affect the nervous system
are immune mediated. Paraneoplastic neurologic syndromes
can affect any level of the neuraxis or multiple levels simulia-
neously (Table 24-4). Therefore, it is important o consider a
parancoplastic syndrome in the differential diagnosis of sub-
acute development of neurologic symptoms of any type, keep-
ing in mind that such syndromes may precede the diagnosis of
systemic cancer. Some antibody-mediated syndromes of the
nervous system can also occur without associated malignancy.

Evaluation fora presumed CNS paraneoplastic/antibody-
muediated syndrome generally involves obtaining MRI, EEG,
and lumbar puncture. Although MRI, EEG, and lumbar punc-
ture may show patterns consistent with specific antibody-
mediated syndromes (see below), these studies may be normal
or demonstrate only nonspecific indings (e.g., inflammatory
CSF). In such cases, the diagnosis may be made by idemtifying
the underlying cancer and/or an associated antibody in the
serum or C5F. Since new antibodies are being identified rap-
idly, not all cases that are presumed to be paraneoplastic can
be “proven” since assays may not yet be commercially avail-
able for recently described or not-yet deseribed antibodies.

Il a parancoplastic/antibody-mediated syndrome is diag-
nosed in a patient with no known cancer, an evaluation for
cancer should be undertaken based on the most likely site(s) of
malignancy associated with the presenting syndrome {e.g.,
testicular ultrasound, pelvic ultrasound, mammogram, chest CT).
If no evidence of malignancy is found, full-body PET may
reveal the underlying cancer. Ina patient with a paraneoplas-
tie neurologic syndrome in whom an exhaustive evaluation for
neoplasm is unrevealing, close clinical and T:Iiliillﬂgirc surveil-
lance (with PET) should be continued every 6 months for sev-
cral years. Some patients may ullimately be found 1o have an
antibody-mediated syndrome with no associated malignancy.
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TAELE 24-4 Paraneoplastic/Antibody-Mediated Syndromes that Affect the Nervous System.

265

Lovel of Mast Commonly
Nervous System Syndrome Antibody® Assoclated Cancer(s)
Brain Limbéc Encephalitis Anti-MMDA® Crvarlan teratoma
Anti-AMPA® Beeast, lung, thymaoma
Anti-GABA-B* SCLC
Anti-LGI*® (see Ch, 23) SCLE, thymoma
Anti-CV2ICRMPS SCLE, thymoma
Aunti=Hu (ANMNAT) small cell lung cancer
Anti-Ma2 Testicular cances
Anti-GAD® SCLC, thymoma
Corebelium Cerebellar degeneration Anti-¥o Orvarian, braast
Anti-Hu (ANNAT) SCLC
AnthTr Haodgkin's lymphoma
Anti-Ma2 Testicular
Anti-GAD® SCLEC, thymoma
Optic nares Optic neuropathy Anti-CRMPS SCLC
Retina Retinopathy Anti-recovnn SCLC
Anti-bipolar cell Melanoma
Spinal cord Myelitis (often part of an Anti-Hu (ANMAT] SCLC
E:ﬁfﬁﬁ;ﬂy‘cﬁm bt can ANH-CRMPS
Necratizing myelopathy Anti-Hu (ANMAT] SCLE, hematalogic
ARtl-CRMPS malignancies
Dorsal root ganglia Ganglionopathy/sensory Anti-Hu SCLC
neuranopathy (see Ch, 15)
Peripheral nerves Sonsormaetor neuropathy Antl-Hu (ANHAT] SCLC
Anti-CRMPS Thyrmoma
Paraprotein-associated (see Ch. 26) Plasma cell disorders ($ee Ch, 26)
Autonamic neuropathy (see Ch. 27) Anti-ganglionic AChR SCLE thymoma
Anti-Hu (ANNAT] SCLC

Mator neurons

Neuromuscular
junction

Muscle

Other

ALS-like syndrome

Lambert-Eatan myasthenic
syncnome (see Ch, 29)

Myasthenla gravis (see Ch. 29)
Cermatemyositis (see Ch, 30)

Opsoclonus-myockonus

Stiff person syndrome (see Ch, 23)

Isanc's syndrome (neuramyatania)

and

Morvan's syndrome (neuromyotonia
and encephalitis)

!

Voltage gated caleium
channals

AChA*

Anti-MXP2

Anti-TIF 1-gamma

i

Anti-Ri (ANNAZ)
Anti-amphiphysin

Anti-GAD in non-paranecplastic

Anti-CASPR2®

Rare cade neparts of association with

hematolegic malignancias, breast cancer

Small cell lung cancer

Thymoma
Gastrointestinal, breast

Neuroblastoma

Breast. gynecologic
SCLC

SCLC, thymonna

Abbaeiations: Achil: acetylchaline recepton; AMPA alpha-aming- 3 hydrosy 5 -methiyl A-tsocarolepropionic sced recepton ARRNAL and ANNAT antineuronasl nuclear antibodies

1 andd 2, CASPR; contactn-ansodisied pratein-like 2 CAMPS: collspsing response medator poatein 5 GABA-B: ganima-aminobutyric s B GAD: glutamic acid decarbaxylase;
LG beucine-rich, glioma magtivated 1; NMDA: N-methyl D-aspaniate; SCLC: small gl lung sancer,

“Asterlik (") indicates antibodies that may also occur independently ol o Systenss camier,
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In general, trestment involves treating the underdying
malignancy (if present) and immunomedulatory therapy.
Syndromes caused by antibodies against cell surface receptors
tend to respond better to immunomodulatory therapy than
swndromes caused by antibodies against intracellular targets.

Some general principles reparding paraneoplastic/
antibody-mediated syndromes of the nemvous system:

« Some of the syndromes are umifocal (eg., limbic encepha-
litis, optic neuritis, cerebellar degeneration), whereas some
of the syndromes are multifocal {e.g., encephalomyelitis).
Some antibodies are associated witha single syndrome (e.g.,
anti-NMDA receptor antibodies cause limbic encephalitis),
while other antibodies can cause a number of different
syndromes either independently or simultaneously (e.g.,
anti-Hu antibody, which can cause encephalitis, myelitis,
encephalomyelitis, cerebellar degeneration. sensory gangli-
onopathy, and peripheral neuropathy).

Certain neoplasms can be associated with a wide variety of
paraneoplastic antibodies/syndromes (e.g., small cell lung
cancer), whereas other tumors are associated most com-
maonhwith a particular syndrome {e.g.. neuroblastoma and
opsoconus-myoclonus; ovarian teratoma and anti-NMDA
receptorencephalitis).

44

A number of the syndromes listed in Table 24-4 are
discussed in other chapters. Here, limbic encephalitis and
apsoclonus-myvoclonus-ataxiz syndromes are discussed.

Autoimmune Limbic Encephalitis
: encephalitis is an antibody-mediated
red by limbic features: psychiatric

T2/FLAIR

limbic

ures. MBI ‘may reveal
hyperintensities -and/or enhancement in
normal), EEG may show seizures and/
eptiform discharges (but can be normal
and C5F is tvpically inflammatory (but may
pes simplex virus (HS5V) encephalitis is an
encephalitis that can cause many of the same
fe 1 MED and C5F are almost always abnormal
inH5V 5 {see “Herpes Simplex Virus Encephalitis™
in Chapter 20). A number of antibodjes have been associated
with auteimmune limbic encephalitis, some of which are only
rarely associated with malignancy (Le., autoimmune encepha-
litis rather than paraneoplastic encephalitis; see Table 24-4).

contrast

i rieial

ure

Anti-NMDA Receptor Encephalitis

Anti-NMDA receptor encephalitis is characterized by psy-

chiatric symptoms and seizures. Orofacial dyskinesias and/or

autonomic instability are common as the disease evolves. 1t is
most commonly seen in young women in the setting of ovar-
ian teratoma, the removal of which (usually accompanied by
immunomodulatory therapy) may be curative. Therefore, pel-
vic ultrasound is an essential pant of the evaluation of a young
woman with new psvchiatric andfor cognitive symproms,

especially if accompanied by seizures or dyskinesias. How-
ever, only about half of patients with anti-NMDA receptor
encephalitis have an underlying tumor. CSF studies for the
antibody are more sensitive and specific than serum studies,
Treatment includes removal of the underlying tumor (if pres-
ent) and immunomodulatory therapy. Anti-MMDA recep-
tor encephalitis can rarely occur following herpes simplex
virus encephalitis, presenting as what appears to be a relapse
of encephalitis (see “Herpes Simplex Virus Encephalitis® in
Chapter 20).

Opsoclonus-Myoclonus /
Opsoclonus-Myoclonus-Ataxia

The combination of opsoclonus and myoclonus in a child
warrants a search for an underlying neuroblastoma, In
adulis, anti-Ri is the antibody that is usually associated with
this syndrome, and the most common malignancies are
breast, gynecologic, or lung cancer (mest commonly small
cell lung cancer).

CEREBROVASCULAR COMPLICATIONS
OF CANCER

Systemic cancers can predispose to ischemie stroke or intra-
cranial hemorrhage through a variety of mechanisms. Vas-
cular complications may be the presenting feature of an
undiagnosed systemic malignancy or may arise in patients
with known cancer. Vascular complications can also be
caused by radiation (see "Neurotoxicity of Radiation Therapy
to the Brain” above) and chemotherapy (such as bevacizumab,
L-asparaginase), Aside from treatment-related effects:

+ Ischemic stroke in the setting of malignancy can be

caused by:

« Hypercoagulability of malignancy (Trousseau's syndrome;
especially common with adenocarcinomas)

+ Disseminated intravascular coagulation

« Tumor embolism from metastatic or primary cardiac
tumor such as atrial myxoma or nonbacterial thrombotic
endocarditis (formation of thrombus on cardiac valves
with subsequent embolism)

Intracerebral hemorrhage in the setting of malignaney can

be caused by:

= Hemorrhage into brain metastases: most common in

melanoma, renal cell carcinoma, thyroid cancer, and cho-

riocarcinoma, although it can occur with any metastatic

brain tumor

Thrombocylopenia due to hematologic malignancy

Coagulopath: for example, due to disseminated intravas-

cular coagulation

Venous sinus thrombosis in the setting of malignancy can

be caused by:

- Hypercoagulability of malignancy

« Tumor compression of the venous sinuses
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I ischemic stroke, intracerebral hemorrhage, or venous REFERENCES
sinus thrombosis oc in a patient with cancer, the patient
collia PR ! P Hershman DL, Lacchetti C, Dwarkin BH, Lavoie Smith EM,

should evaluaie athe ential cau f cerebr - t L
S Llll;r:il.:l' I:;E: ?:‘:Il:illz';:ilﬁ’?';i"_l'ﬂf ﬂ;:_iii; ﬁ: E::}::f]f_ Bleeker |, Cavaletti G, et al. Prevention and management of
s P A s A LA E= chematherapy-induced peripheral neuropathy in survivors of
cation directly to the underlying malignancy. adult cancers: American Society of Clinkeal Oncology Clinical
When malignancy is thought to be the cause of ischemic Practice Guideline. J Clin Onesl 2014;32:1941 - 1967.

stroke, therapeutic anticoagulation with low molecular weight
heparin may be considered if there are no contraindications,
although this is based on data for venous thromboembolism
in the setting of malignancy rather than specifie data for stroke

in this s¢iting.
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INCREASED INTRACRANIAL PRESSURE
(INTRACRANIAL HYPERTENSION)

General Principles of Intracranial Pressure

Intracranial Contents Contributing to Intracranial
Volume and Pressure

The skull contains three components that contribute to intra-
cranial volume: the brain, its blood supply, and the cerebro-
spinal fluid (CSF). The brain accounts for approximately 80%
of the intracranial volume, the acterial and venous blood
approximately 10%, and the CSF approximately 10%. The skull
is fixed and can only accommodate small changes in intracra-
nial volume before intracranial pressure rises, Increased intra-
cranial pressure can arise due to increased volume of any of
the three intracranial contents (brain, blood volume, or CSF).

Inecreased intracranial pressure due to increased brain
volume—DBoth focal brain lesions and diffuse brain pathol-
opy can lead to increased intracranial pressure (ICP). A focal
brain lesion (e.g. stroke, tumor, abscess, demyelination) can
cause increased [CP either by mass effect or by obstruction
of the ventricular system leading to obstruction of CSF {low.
Diffuze cerebral edema (e.g., secondary to severe head trauma,
hypoxic-ischemic injury. hyponatremia, meningeencephalitis)
raises overall brain volume, increasing 1CP.

Increased intracranial pressure due to increased blood
volume—Increased blood volume can occur either due Lo
decreased venous outflow (e.g. venous sinus thrombosis)

C HAPTER

DECREASED INTRACRANIAL PRESSURE [INTRACRAMNIAL
HYPOTEMSION)

Causes of Intracranial Hypotension

Symptoms and Slgns of Intracranial Hypotension
Diagnosis of Intracranial Hypotension
Treatment of Intracranial Hypotension

or due o increased arterial blood flow (e.g., due to cerebral
vasodilation).

Increased intracranial pressure due to increased
cerebrospinal fluid wvolume—Increased CS5F volume
(hydrocephalus) can ocour due to obstruction of CSF circu-
lation or rarely due to increased CSF production (eg. due to
choroid plexus papilloma). Obstruction of C3F circulation can
be caused by a blockage anywhere within the ventricular system
(e, tumor, intraventricular hemorchage, congenital aqueduc-
tal stenosis) or a blockage of the arachnoid granulations where
C5F is absorbed into the venous circulation {e.g. due to men-
ingitis, subarachnoid hemorrhage). Ventricular obstruction
causes noncommunicating hyvdrocephalus: The ventricles can-
not communicate with one another 1o allow for CSF Lo circu-
late. In noncommunicating hydrocephalas, only the ventricles
proximal to the obstruction will dilate (eg., obstruction of the
third ventricle will lead to dilation of the lateral ventricles but not
the tourth ventricle). Obstruction of the arachnoid granulations
causes communicating hydrocephalus: The ventricles can still
communicate with one another, but CSF cannot be reabsorbec.
In communicating hydrocephalus, all of the ventricles will dilate,

I brain volume increases, there is the possibility of lim-
ited compensation in the other two compartments (CSF and
blood) w maintain constant intracranial volume (Monra-
Kellie' doctrine). The compensatory mechanisms include
displacing CSF into the spinal column, constriction of arte-
riales, and collapse of veins. However, if intracranial volume
increases beyond a certain point, compensation is no longer
passible, and ICP rises,

269
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Brainstam

FIGURE 25=1 Schematic depicting different types of
brain herniation. A: Subfalcine herniation. B: Uncal herniation,
C: Transtentorial (central] herniation. D: Tonsillar herniation,
Reproduced with permission from Amingfl M, Greenberg D,
Simen R: Clinical Nevralogy, 9th ed. New York: MeGraw-Hill
Education; 2015.

There are two main potential consequences of increased
ICP; brain herniation and decreased cerebral perfusion.

Brain Herniation (Fig. 25-1)
Brain herniation refers toshift of brain tissue bevond its nor-
tion include subtalcine, uncal,

transtentoriil (central ), upward, and tonsillar.

Subfaicine herniation—In this tvpe of herniation, the cin-
j iates beneath the falx cerebri (the interhemi-

VIS NerT

o
L

¢ dura). This can compress the anterior cerebral arteries,

y stroke

Uncal hernfation—In this type of herniation, the medial
lobe compresses the ipsilateral third nerve caus-
v dilatation. If uncal herniation progresses to the
ing the contralatéral midbram against the
tentorium, the coniralateral cerebral peduncle can be affected,
leading to motor deficits and upper motor neuron signs ipsi-
lateral 1o the side of uncal herniation (Kernohan's notch
phenomenon). For example, uncal herniation on the left gen

crally first causes lefi pupillary dilatation due to compression
of the left cranial nerve 3. If uncal herniation progresses, the
right cerebral peduncle can be compressed against the tento-
rium, causing hemiparesis contralateral to this peduncle (i.e.,
on the left] since the corticospinal tract has not vel crossed.
Therefore, the hemiparesis is ipsilateral 1w the side of uncal
herniation and the dilated pupil (on the left in this example).

temparal

paint of eotrg
paant COT

Transtentorial (central) herniation—In this type of hernia-
tion, the central components of the brain (thalami, midbrain)
herniate downward through the tentorium cerebelli, which

can lead to bilateral pupillary dilatation, and can ultimately
procecd to coma, cardiorespiratory dysfunction, and death.

Upward herniation—\With a large cerebellar mass lesion
(or diffuse cerebellar pathology), the cerebellum can herniate
upward through the entorium. This causes brainstem com-
pression leading to coma and pupillary abnormalities (the
pupils may besmall due to pontine distortion or dilated due to
midbrain distertion). Upward herniation may be precipitated
by CSF drainage via placement of an extraventricular drain
in patients with increased cerebellar volume (e.g.. cerebellar
tumor or hemorrhage): An upward pressure vector from the
expanded cerebellum leads to upward displacement when
pressure from above is decreased.

Tonsillar herniation—In this type of herniation, the cerebel-
lar tonsils descend below the foramen magnum, compressing
the medulla (coning). This can cause coma, cardiorespiratary
dysfunction, and death.

Cerebral Perfusion Pressure

Cercbral perfusion pressure (CPP) is determined by the pres-
sure of the blood reaching the brain (mean arterial pressure
[MAP]) and the ICP acting against this blood pressure:

CPP = MAP —ICP

Therefore, if TCP rises at a constant MAP, cerebral perfu-
sion pressure will fall, which can lead to decreased cerchral

perlusion.

Symptoms and Signs of Increased
Intracranial Pressure

The symptoms and signs of intracranial hypertension depend
on the degree to which ICP is clevated and the rapidity with
which ICP rises. Symptoms may include headache, blurred
vision, nausea/vemiting, and alteration in mental status rang-
ing from somnolence to coma. Headache due to elevated 1CP
is classically worse in the supine position and improves with
standing, Signs of intracranial hypertension can include:

« Papilledema. Papilledema may not be present acutely since
it can take hours to days to develop.

+ Unilateral or bilateral sixth nerve palsy. This is referred to
as a “false localizing sign” in this context, since it appears
focal but is o sign of a generalized process (elevated 1CP)
catsing Pressure on one or Both abducens nerves due to the
long intracranial course of this cranial nerve (see "Cranial
Merve 6; The Abducens Merve™ in Chapter 11 for discussion
of the signs of sixth nerve palsy).

Cushing's response: hypertension, bradycardia, and irregu-
lar respiration can result from compression of the medulla.
Signs of herniation related 1o compression of particular strue-
tures may be present depending on the location and cause of
the responsible lesion{s) (see "Brain Herniation” above),



Treatment of Acutely Increased
Intracranial Pressure
Basic measures to treat elevated 1CP include:

+ Elevating the head of the patient's bed to 30 degreés, which
allows gravity to help with venous and CSF drainage.

+ Hyperventilating the patient if she or he is mechanically
ventilated, although this is only a temporizing measure.
Hyperventilation decreases ICP by decreasing arterial CO,,
leading to cerebral arterial vasoconstriction.

Freatment of any complications of the underlying illness

that could lead to further increases in 1CP(i.e., treating

seizures, fever, agitation, and:pain}.

&=
R b

if hypotonic 1V fluids (i.e., avoiding any IV
solution less concentrated than normal saline) since these
rebral edema.

£an Warsen

1

definitive treatment sirategics rest on the principles
discussed above: allempting to decrease the volume of one or
more of the intracranial contents in the fixed “box™ of the skull
(ie., braim, CSF, and blood supply) or “opening the box™ (ie.,
hemicranicctomy or suboccipital craniectomy). One cannot
decrease blood supply since this could lead to decreased cerebral
perfusion. In fact, in the setting of elevated 1CP, one must work
o maintain an adequate MAP to preserve CPP (see above equa-
tion). However, one can decrease the valume of the brain (using
hyperosmolar therapy to pull water out of it) andfor remove CSF
{dliversion via an extraventricular drain or ventriculoperitoneal
shumnt ). If hyperosmaolar therapy or C5F drainage are inadequate,
one can “open the box™ by performing a hemicraniectomy or
suboccipital craniectomy to allow room for the brain to expand
ot of the skull defect rather than hermiate intracranially. 1 [CP
cannot be controlled with these treatments, pentobarbitol coma
and therapeutic hypothermia can be considered 1o reduce brain
metabolism

If there is a wmor with surrounding edema, a large
demyelinating lesion, or intracranial infecticn, steroids can
decrease inflammation related to these etiologies. How-
ever, steroids do not appear to be beneficial (and may be
harmful) for other causes of elevated intracranial pressure
such ag stroke and head trauma,

Hyperosmolar Therapy in the Treatment of
Acutely Increased Intracranial Pressure

Hypertonic solutions draw water into them. Hypertonic IV
fluids increase the tonicity of the serum, pulling water out
of the brain into the bloodstream to reduce brain volume.
Hyperosmolar therapy is particularly effective in treating
cercbral edema. However, even iF ICP is elevated due toa large
mass without significant edema (e.g.. an intraparenchymal
hermorrhage), hyperosmolar therapy can shrink the normal
regions of the brain, l.hen.*bp' reﬂltcillk'. overall brain volume to
decrease [CP.

Hyperosmaolar therapy is generally utilized to treat edema
that Is expected to be transient, since hyperosmolar therapy
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cannol be given indefinitely. Examples include malignant
edema from a full-territory middle cerebral artery (MCA)
infarct or large cercbellar infarct (stroke-related edema typi-
cally peaks over the course of a week and then recedes),
diffuse edema from acute encephalitis or meningitis (which
should resolve with effective antibiotic treatment), and severe
head trauma with diffuse cerebral edema.

Two equations are important in understanding treat-
ments that increase serum tonicity to pull water from the
brain:

Calculated serum osmolarity = [2 = Ma] + [Glu/18] + [BUN/2.8]

Osmolar (or asmalal) gap = measured serum osmolality
(a laboratory value) minus the calculated osmaolarity
(as calculated by the prior equation)

The normal value for the serum osmolar gap is around
10 (since other serum osmoles beyond sodium, glucose, and
BUN normally comtribute). The gap can be pathologically
increased by ethylene glycol, ethanol, and other alcohols.

To treat increased ICP, serum osmaolarity can be increased
by adding an osmole (mannitol) or increasing one of the
osmoles in the above equation (sodium).

Mannitel in the treatment of acutely increased intrac-
ranial pressure—Mannitol adds an additional osmole o the
serum, increasing the osmolar gap and serum tonicity. Mannital
can be given through a peripheral IV, and the lowest effective
dose should be utilized {range generally 005 1.0 gfkg). The effect
of mannitol occurs within minutes and lasts hours, Manni-
tol can be given every 6-8 hours, but should not be given if
serum osmolarity is =320, Complications of mannitol therapy
can include electrolyte abnormalities, increased intravascular
velume (which may be poorly tolerated in the setting of con-
gestive heart failure), and hypotension and/or renal dysfunc-
tion from overdiuresis,

Hypertonic saline in the treatment af acutely increased
intracranial pressure—23% saline can be given by central
line as a bolus (30 mL). Like mannitol, it acts rapidly, has a
duration of effect on the order of hours, causes diuresis, and
can cause renal and cardiac complications, A serum sodium of
up to 160 is generally targeted.

When pecessary, mannitol and 23% saline can be given
in alternation (e.g. both every 8 hours staggered by 4-hour
intervals so the patient gets one or the other every 4 hours).
Hyperosmolar therapy should not be stopped abropily, but
rather weaned by progressively increasing the time interval
between doses as tolerated,

A continuous infusion of 3% saline may be used to
achieve eunatremia in patients with: cerebral edema who are
hyponatremic. Some practitioners set a sodivm goal (Le.,
maintain a hypernatremic state) even in patients who are not
hyponatremic, whereas others prefer cunatremia, reserving
the possibility of rapidly creating an osmotic gradient with a
bolus of hypertonic saline if there is an acute rise in 1CP.
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CSF Diversion in the Treatment of Acutely
Increased Intracranial Pressure
An extraventricular drain (EVD) is a temporary catheter that
allows for CSF drainage directly from the ventricles. An EVID
i= similar to a ventriculoperitoneal shunt except that rather
than shunting C5F o another location in the body, C5F is
shunted directly to the outside world, An EVD serves two
purposes:

« CSF drainage to reduce ICP without requiring lumbar
punciure [since lumbar puncture may precipifate hernia-
tion in cases of increased 1CP)

+ Measurement of ICP to allow for targeted therapy for
elevated ICP

Treatment of Chronically Increased
Intracranial Pressure: Ventriculoperitoneal
Shunt and Endoscopic Third
Ventriculostomy

Ventriculoperitoneal Shunt

Chronic hvdrocephalus may be treated by inzertion of a ven-
triculoperitoneal (VP) shunt. VP shuntsare placed in the lat-
eral veniricle, and pass under the skin to the periloneal cavity.

Some shu

& hnve a programmable valve so that settings for

drainage can be adjusted by an'external magnetic device (and
s0 must be reprogrammied after being subjected to the magne-
an MEI).

lications of VP shunts include shunt failure (lead-

ce of hwdrocephalus), overshunting {leading
= see “Decreased Intracranial Pres
don” below), and shunt infection.
i er and/or shunt failure.
by shunt puncture (direct

sof radiographs of the head, neck;

IeS [elers 1o
hest, and ..-i"..’llh':;:. to ook IOr anh discontinuities in the

Endoscopic Third Ventriculostomy

An alternative to shunting in obstructive hydrocephalus
is-endoscopic third ventriculostomy. In this procedure, an
endoscope is passed through the skull into the ventricular sys-
tem and a hole i3 made in the third ventricle to allow CSF 1o
pass directly into the subarachnoid space. This procedure is
mast commonly used to tréat congenital aqueductal stenosis.

Pseudotumor Cerebri
Causes of Pseudotumor Cerebri

Pseudotumor cerebri is a condition in which symploms
and signs of elevated ICP develop without a structural

lesion, hydrocephalus, or other apparent etiology on neu-
roimaging. The syndrome is most commonly an idiopathic
condition in voung obese women (idiopathic intracranial
hypertension), although it can also be caused by medica-
tions (e.g., tetracycline, vitamin A, and medications derived
from vitamin A [e.g.. retinoids]), endocrine disease, treat-
mient of endocrine discase, or withdrawal of treatment for
endocrine disease (e.g., thyroid medications, growth hormone,
steroids].

Symptoms and Signs of Pseudotumor Cerebri
Symploms and signs of pseudotumor cerebri include:

« Headache

Pulsatile tinnitus (uswally described as a "whooshing” in

the ears)

Visual changes including:

« Transient blacking out of vision after bending forward.

+ Double vision from unilateral or bilateral cranial nerve &
palsy due to elevated 1CP.

Enlargement of the blind spot and restricted peripheral

vision due to papilledema. Importantly, these visual field

deficits may not be noted by the patient or on bedside visaal

field testing. Therefore, all patients with pseudotumor cere-

bri should be followed with formal visual field testing (e,

atitomated perimelry).

Papillederna, most commonly bilateral.

Diagnosis of Pseudotumor Cerebri

In any patient with symptoms and signs of elevated ICP; neu-
roimaging must be performed to evaluate for a mass lesion,
hydrocephalus, or venous sinus thrombosis, MRI features
suggestive of idiopathic intracranial hypertension include
flattening of one or both optic dises and/or an empty sella.
Diiagnosis is confirmed by elevated opening pressure on lum-
bar puncture, and lumbar puncture may lead to temporary
symptom relief,

Treatment of Pseudotumor Cerebri
In patients with medication-induced pseudotumor cerebri,
offending medications should be discontinued. In patients
with an endocrine cause of pseudotumor cerebri, the
underlving discase must be treated. In patients with obesity-
assaciated idiopathic intracranial hypertension, weight loss
and acetazolamide are the mainstays of treatment. Acet-
azolamide works by decreasing CSF production. If acetazol-
amide is not tolerated, topiramate or furosemide may be
considered. Patients’ visual fields must be followed closely
with formal testing, and any clinical WOrSening or worsening
in visual fields may warrant surgical intervention Lo prevent
permanent visual loss,

Surgical options for the treatment of psendotumor cere-
bri include VP shunt and optic nerve sheath fenestration.
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Symptoms and Signs of Intracranial
Hypotension

ilts in reduced buoyvancy for the brain, caus-

ing brain tugs on the dura, causing head-
aszociated with intracranial hypotension
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waorseéns when standing and improves when supine, the oppo-
site pattern of that seen in intracranial h'g.'|11:rtt|1s.m:n. Patients
may alzo report neck pain andfor dizziness. Hearing loss,
tinnitus, diplopia, and symptomsisigns of other ¢ranial neu-
ropathies may be present, caused by traction on cranial nerves
due tothe sag of the brain. In the most severe cazes, distortion

of the sagging frontal lobes and brainstem can cause altera-

tions in consciousness and cognition—anything from a sense
of “fogginess” to a dementing syndrome ta coma

Diagnosis of Intracranial Hypotension

‘The characteristic neurcimaging findings of intracranial hypo-
tension are logical based on the pathophysiology (Fig. 25-2).
As CSF leaks, the ventricles collapse, the brain sags, and the
subdural spaces become prominent, which can cause subdural
hematomas or subdural fluid collections to form. Since CSF
volume is low, the venous system dilates to maintain intracra

nial volume, which leads to enlargement of the venous sinuses,
pachymeningeal enhancement due to dilation of dural veins,
and pituitary hyperemia.

Mot all of these features are always seen, but uniform
diffuse pachymeningeal enhancement on neuroimaging is
a common clue to the disgnosis. Mote that pachymeningeal
enhancement can also be seen as an incidental asymptomatic
finding after lumbar puncture in patients without symptoms
of intracranial hypotension. The differential diagnosis of
pachymeningeal enhancement also includes dural metastases,
inflammatoery meningitis, and less commonly infectious
meningitis, though dural enhancement tends to be less smooth
and symmetric in these scenarios compared (o the enhance
ment pattern seen with intracranial hypotension.

FIGURE 25-2 MRI findings in intracranial hypotension. Axial (A) and sagittal {B) Th-weighted postcontrast images demonstrating
smaoth diffuse pachymeningeal enhancement, bilateral frontal sulbsdural fluid collections (A); pituitary hyperemia (8, armow), and saq of the

frontal lobe and brainstem (B),
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A mnemonic 1o remember the radiologic signs of intra-
cranial hypolénsion is provided in a review of the topic
{Schievink. 2006): SEEPS

Subdural fluid collections
Enhancement of the pachvmeninges
Engorgement of venous structures
Pituitary hyperemia

Sag of the brain

The diagnesis of intracranial hypotension can generally
be made by MRI findings, but if lumbar puncture is obtained,
CSF pressure will be low and there may be elevated protein
and pleocvotosis. MRI of the spine is not suthciently sensi-
tive to find small tears in the dura, and myelography or radio-
nuclide cisternography may be necessary. However, these
tests are generallv onlv pursued if patients fail conservative
management (see “Treatment of Intracranial Hypotension™
below), When the classic ssmptoms and radiologic features
are present and there s no clear etiology (Le., spontaneous
intracranial hvpotension), empiric treatment may be success-
ful even if the site of the leak is not localized.

Treatment of Intracranial Hypotension

Conservative management of intracranial  hypotension
includes bed rest, caffeine (oral andfor 1%}, and aggressive
hvdration. It these do not lead to symptom amelioration,
intracranial hypotension can be treated with an epidural
blood patch. This involves injecting a small amount of the
patient’s own bleed inte the epidural space. It is unclear
exactly how thiz works; it may “patch”™ the leak, or may lead
1o an alteration in CSF flow dynamics resulting in reequili-
bration of the system. An epidural blood patch often leads
to rapid improvement in headache. If a blood patch is inef-
fective or its effects are transient. it can be repeated alter a
few days. If patients do not improve after several attempted
blood patches, myelography or radionuclide cisternography
should be performed with the goal of localizing the leak so as
to surgically repair it.

REFERENCES

Schievink W Spontaneous spinal cercbrospimal fluid leaks and
imtracranial hypotension. JAMA. 2006;295:2286-2 396,
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APPROACH TO HEADACHE
SECOMDARY CAUSES OF HEADACHE
PRIMARY HEADACHE DISORDERS

rr1I£ raine
Tension Headache

The Trigeminal Autonomic Cephalalgias:
Cluster Headache, Hemicrania Continua,
Paroxysmal Hemicrania, SUNCT, and SUNA

Chronic Daily Headache

APPROACHTO HEADACHE

When a patient presents for evaluation of headache(s). the
goal of the history and examination is lo answer bwo questions:

« Is there an underlying cause of headache(s) in need of fur-
ther laboratory/nevroimaging evaluation (i.e., secondary
headache)?

« If there is no underlying cause of headache(s), which
primary headache syndrome best describes the headache
{e.g.. migraine, tension, cluster)?

When headaches are determined to be primary rather
than secondary, although they may be benign with respect to
etiology, such headaches can be extremely disabling. Proper
recognition of the precise primary headache syndrome is
important because different headache syndromes respond to
different abortive and prophylactic medications.

Importantly, a headache syndrome that perfectly fits the
description of one of the primary headache syndromes does
not always signify that there is no underlying cause. Acute
stroke or a structural lesion can produce headaches that

CI-I.-\PTER

OTHER CALUSES OF HEADACHE
Medication Overuse Headache

Occipital Neuralgia

Headache and Neurclogic Deficits with Cerebrospinal
Fluid Lymphocytosis (HaNDL}

Chiari Malformation

meet clinical criteria for primary headache syndromes such
as migraine (symplomatic migraine}, so clinical context is
important in determining the need for further evaluation.

SECONDARY CAUSES OF HEADACHE

The causes of secondary headache range from benign (e.g.,

eye strain due to need for prescription glasses) to life threat-
ening (e.g., ancurysmal rupture, bacterial meningitis). Causes
of secondary headache can be broadly classified as related to:

= Intracranial structures: meninges, brain, andfor cerebral
blood vessels

« Head and neck structures: eves, ears. nose, sinuses, jaw/
teeth, neck

= Systemic causes: hypertension, systemic infection, medications

I sorme patients i whom a cause for headache cannot be
found, headache may be a symplom of an underlying psyehi-
atric disorder (e.g., somatization disorder).

275
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TAEBELE 26-1 Headache Red Flags and Their
Clinical Significance.

LUnderlying
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Red flags in a patient’s history that should raise concern
for a serious underlying etiology of headache can be divided
into (Table 26-1):

« Characteristics of the headache itself:
» Dnset: concerning if acute and maximal in intensity at or
shortly afier onset (thunderclap headache]

- Evolution: concerning if’ increasing in (requency andfor
severity
« Timing: concerning if worse at night
« Relation to prior headaches: concerning il different in
quality, severity, and/or timing
« Provoking factors: concerning if worsens with coughing,
straning, snecring, supine position
« Accompanying symptoms/signs: concerning if fever,
seizure, focal neurologic signs, andfor papilledema present
« Context/paticnt history: concerning if:
« Mew headache in an older adult with no prior history of
headache
« History of cancer
« History of immunosuppression (e.g., medications or HIV)

Any of these features warrant evaluation with newroim-
aging 1o look for an underlying cause.

In addition to these classic red flags, other patlerns of
headache that reguire particular evaluation include:

1. New headache in a patient 260 years old with scalp tender-
ness, jaw claudication, myalgias, andfor visual loss should
raise concern for giant cell (tempaoral) arteritis. This diag-
nosis should be pursued by checking erythrocyte sedimen-
tation rate (ESR), C-reactive protein (CRP), and considering
temporal artery ultrasound andfor biopsy. If caught early
and treated with steroids, visual loss can be prevented.

2. Headache that is worse with standing and improves
in the supine position (orthostatic headache) should
raise concern for intracranial hypotension, This can be
caused by cerebrospinal fluid (CSF) leak due to prior
Lralammd or F‘li'l.'!'r lumbar puncture, or may be sponlancous,
(See “Decreased Intracranial Pressure (Intracranial Hypo-
tension)” in Ch. 25.)

3, Headaches with visual changes andior pulsatile tinnitusin a
patient with obesity, endocrine disease, or in a child taking
tetracveling should raise concern for pseudotumor cerebri
(idiopathic intracranial hypertension). Early intervention
with weight loss and/or acetazolamide con prevent visual
lozs, (See “Preudotumor Cerebri® in Ch. 25.)

PRIMARY HEADACHE DISORDERS

Migraine

Clinical Features of Migraine

The classic migraine headache is unilateral, Pu]s]l'“ E’flhmb'
bing, sufficiently severe 1o impede daily activities, lasts hours
toa few days, is accompanied by photophobia, phonophobia,
nausea, andfor vomiting, and causes the patient to seck a dark,
cuiet. relaxing space. An aura accompanies migraine head-
ache in only aboul 20%-25% of patients.

Migraine aura is mosi commonly visual or somatosen-
sory. The visual aura is often described as bright spols or
wavy lines that move through the visual field (scintillating
scotomal. The somatosensory aura tha may accompany



migraine iz generally unilateral tingling that slowly spreads
aver minutes across one side of the body. Although somato-
sensory seizures can produce similar spreading tingling symp-
toms, the spread of symptoms in migraine is generally slower
s compared to the rapid spread of symptoms with somato-
sensory seizures. Migraines and seizures both generally cause
positive symptoms (e.g., tngling, scintillating scotoma) as
compared to transient ischemic attack (TIA) and ischemic
stroke, which typically cause negative symptoms (2.g. numb-
ness or visual field deficit), though there can be exceptions.
Migraine aura typically emerges over minutes and pre-
cedes the headache, However, the aura and headache may occur
cancurrently. Some patients experience Il:jgmjl'tl: aura without
::-.'-.';lllnly,ic migraime ). Less COmmon auras include:

headache

Speech disturbance or confusion

Vertigo (vestibular migraine)

Monocular visual (,h;.mgl."\. {ocular ll'l:igr“.‘lil'lt. also called
retinal migraine)

< Ophithalmoplegin (ophthalmoplegic migraine)

Brainstem and/or cerebellar symptoms (migraine with
brainstem aura; formerly called basilar migraine)

« Hemiplegin, Hemiplegic migraine occurs in association
with inherited mutations in a sodium channels (SCN1A),
o calcium channels (CACNATA), or a sodium-potassium
pump (ATPIAZ).

A clinical diagnosis of migraine does not necessarily
exclade the possibility of an underlying etiology: Tumors
or strokes can cause migraine-type headaches that may be
accmpanied by migraine-type aura. Therefore, neurcimag-
ing is warranted when migraines occur for the first time in
older adults, although a first migraine can occur al any age
including in older adulis. In patients with migraine with no
underlying cause who undergo neuroimaging, nonspecific T2/
FLAIR hyperintensities in the subcortical white matter may
be observed. These are generally easily distinguished from the
lesions of multiple sclerosis in that they are smaller and fewer
in number, and tend not 1o involve the corpus callosum as do
the white matter lesions of multiple sclerosis.

Some paticnts with episodic migraine can develop daily
or near-daily headaches (chronic migraine, also called trans-
formed migraine), This is more common in patients with
psychiatric comorbidities, poorly controlled migraines. and/
or overuse of caffeine and/or analgesics (see "Medication
Owveruse Headache” below).

Treatment of Migraine

When evaluating a patient with suspected migraines, it is
important to help the patient determine potential triggers.
These may be related to dictary factors {e.g., particular [oods,
beverages, irregular eating schedule, alcohol, caffeine), irveg-
ular sleep patterns, stress, andfor the menstrual cyele. It is
helpful to ask patients o keep o headache diary document-
ing headache occurrence in relation 1o such fctors in order
to determine potential triggers that can be eliminated or at
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least modified, Excessive or irregular use of caffeine is a com-
men trigger of migraine, and patients should be counseled to
slowly wean off of caffeine. It must be explained to patients
that their headaches may worsen during the period of cal-
feine withdrawal, but that they will ultimately feel better with
respect to headache frequency and severity after this period.

Treatment of migraine requires a plan for bath acute
headaches (abortive treatment) and, if headaches are suffi-
ciently frequent (24 daysimonth) or incapacitating, consider-
ation of a prophylactic agent.

Acute treatment of migraine—Categories of acute migraine
therapies include;

-

Migraine-specific therapies: triptans, ergotamine
Anti-inflammatory medications: nonsteroidal anti-inflam-
matory drugs (NSAIDs), steroids

Antiemetics: metoclopramide, prochlorperazine, ondansetron
Supportive treatment: hydration

In patients whose acute migraine does not respond to the
above medications, a single dose of intravenous sterofds and/
or valproate can be considered. A brief steroid taper over sev-
eral days can also be considered.

The abortive medications may be given individually or
in combination, except for ergots and friptans, which cannot
be given together due to the risk of coronary vasoconstriction.
When patients are self-administering abortive regimens at home,
they must take the medication(s) early in the course ofa migraine
to effectively abort it. Triptans and ergots should be avoided in
patients with coronary artery disease, and are also generally
avoided in hemiplegic and basilar migraines due to concern for
increased risk of stroke (see "Migraine and Stroke” below). It
is imperative to explain to patients that acute treatment agents
must be used only for the most severe headaches and generally no
more than twice per week. 1f acute abortive agents or analgesics
are used more than 10-15 days per month (i.e., more than two to
three times per week]), they can induce medication overuse head-
ache (see “Medication Overuse Headache™ below).

Preventive treatment of migraine—A prophyviactic agent can
be considered il a patient experiences four or more migraine
headaches per month ordisabling migraines ofany frequency that
interfere with the patient’s hifestyle. With prophylactic agents, it
must be clearly explained 1o the patient that the medication nust
be taken daily (i.c., not just when the patient has a headache), and
that the bencfit may take several months to emerge.
Categories of prophylactic agents include:

« Antihypertensives: beta blockers, caleium channel blockers
« Antidepressants: tricyclic antidepressants, serotonin-

norepinephrine reuptake inhibitors
« Antiepileptics: valproate and topiramate
- Alternative agents: riboflavin, magnesium, feverfew, butterbur

Difterent patients may respond better (o one particular
agent, although this is often unpredictable, Selection of 2 pro-
phylactic agent should ke patient context and comorbidities
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inte account. Child-bearing age would preclude use of val-
proate or topiramate due to the increased risk of teratogenic
effects (unless one of these is the only effective agent and the
patient is strictly adherent to contraception). Tricyclic anti-
depressants may be fdeal in a patient with depression and/for
insomnia. Beta blockers may not be tolerated in patients with
low blood pressure, orthostasis, or asthma, Any individual
agent should be slowly uptitrated over several months before
deciding whether or not it is effective.

In patients with chronic migraine who do not respond
to prophylactic agents, botulinum: toxin infections may be
considered.

Migraine and Stroke

Migraine with aurais considered an independent risk factor fior
stroke, especially in voung women. This risk is augmented by
smoking and the use of oral contraceptives. Therefore, patients
with migraine should be counseled on the risks of smoking,
and any comorbid stroke risk factors should be aggressively
treated. Estrogen-containing oral contraceptive pills should be
avoided in women with migraine with aura, although proges-
terone-onlv contraception may be considered. In women with

toage 35, but are not recommended after age 35,

migratne without aura, oral contracepiives may be used prior

igrainows infarction refers (o stroke that occurs in
the setting of migraine. The most commaon presentation of
¢ infarction is persistence of migraine aura bevond
| dirous inlarction most com-

or clretlation. In patients with a

srainous infarction, tripiansand ergotaminegs are

not used since they may increase the risk of vascular
Al 1
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Tension Headache
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Iv have no associated

derile ir
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im possible phonophobia or photophobia
Alress is a common provoking factor. Treal-
ves stress reduction and NSATDs for acute head-
aches. In patients for whom a prophylactic agent is needed
due to tension headache frequency and/or severity, a tricyclic
antidepressant is generally used,

The Trigeminal Autonomic Cephalalgias:
Cluster Headache, Hemicrania Continua,
Paroxysmal Hemicrania, SUNCT,

and SUNA

The trigeminal autonomic cephalalgias are characterized by
unilaterality, sharp stabbing severe facial/periorbital pain,
and associated autonomic features: lacrimation, rhinorrhea,
conjunctival injection, facial sweating, pupillary abnormali-
tics, prosis, andfor eyelid edema. Ipsilateral photophobia
and nauseafvomiting may also be present. The five described

trigeminal autonomic cephalalgias, from shortest length of
headache to longest, are short-lasting unilateral neuralgi-
form headache attacks with conjunctival injection and tearing
[SUNCT]) and short-lasting unilateral neuralgiform headache
attacks with cranial autonomic symploms (SUNA), paroxys-
mal hemicrania, cluster headache, and hemicrania continua
{Table 26-2). These headache syndromes can lead to agitation
during headaches (especially cluster headache and hemicrania
contimua), which is in contrast to the desire for a calm envi-
ronment that patients describe during migraine,

Hemicrania continua presents as a continuous unilateral
headache with associated episodic exacerbations with umilat=
eral autenomic features, while the other four trigeminal auto-
nomic cephalalgias are entirely episodic,

Attacks of SUNCT and SUNA can ocour up (o 100 times
per day but last less than 10 minutes, SUNCT and SUNA dif-
fer in that SUNCT typically has muliiple autonomic symp-
tomis including conjunctival injection and lacrimation,
whereas SUNA only has ene of those two features (although
it may have additional autonomic features among those listed
above)l. Attacks of paroxysmal hemicrania occur around
10 times per day, lasting less than 30 minutes. Cluster head-
ache occurs in clusters over a particular period of the year
{usually weeks). and can last from 15 minutes to 3 hours,

Unlike migraine (which is more common in women),
cluster headache is more common In men, and paroxysmal
hemicrania is equally common in both sexes. The other tri-
geminal autonomic cephalalgias (SUNCT, SUNA, hemicrania
continua) are all more common in women.

Given the focality and rarity of these headache syn-
dromes, brain imaging with vascular imaging is usually
abtained to evaluate for an underlying cause. Particular atten-
tion should be paid to the pituitary on neuroimaging studies,
since trigeminal autonomic cephalalgias may be associated
with pituitary pathology.

Hemicrania continua and  paroxysmal hemicrania are
treated with indomethacin, and response to indomethacin

can confirm the diagnosis of these headache disorders. Cluster
headache Is treated acutely with 100% oxygen or a triptan; vera-
pamil or lithium can be used for prophylaxis. SUNCT/SUNA
are rare with limited data on treatment; antiepileptics (specifi-
cally lamotrigine, topiramate, or gabapentin} may be effective.

Chronic Daily Headache

Dratly headaches can occur in patients with a prior history of
episodic migraines (transformed/chronic migraine} or tension
headaches {chronic tension headache). When a new d“”‘." hesid-
ache arises suddenlvina patient with no prior history of episodic
headaches, this generally necessitates brain imaging to evaluate
for an underlying cause. If none is found, the designation new
daily persistent headache may be applied. New daily persistent
headache arises suddenly and may appear 10 have characteristics
resembling migraine or wnsion headache, A prophylactic agent
should be chosen based on whiclh primary headache syndrome
the predominant clinical features of the daily headache most
closely resemble, In all patients who develop daily headache, a
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Parcxysmal  Hemicrania
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detailed medication history should be obtained to evaluate for
whether there is analgesic overuse, which itself can lead to head-
ache (See “Medication Overuse Headache™ below).

OTHER CAUSES OF HEADACHE

Medication Overuse Headache

A common scenario is one inwhich a patient with a prior his-
tory of episodic headache presents with daily headaches, and
history reveals that the patient is taking analgesic medications
on a daily or near-daily basis. Analgesic overuse can resull in
daily headaches il analgesics are taken more than 10-15 days
per month (10 or mere days per month for opiates, triptans,
combination pills, or a combination of any analgesic and one
of these; 15 or more days per month for NSATD: or acetamin-
ophen alone). Patients with medication overuse headache will
only imprave i they wean off of analgesic medications. This
can be done slowly or rapidly depending on patient preference

fache aitacks with cranial aularomic symptams: SUNCT: shart-lasting unilsteral neuraldoam headsche artachs with confunctival infection and tearing: TCAL tricyclic

except in the case of opioids or butalbital-containing medi-
cations, which must be weaned slowly to avoid withdrawal.
Patients should be warned that they may feel worse during the
weaning period, Therefore, aclear plan for abortive treatment
(without return to analgesic overuse) is important, and some
paticnts tolerate weaning from analgesics better with initia-
tion of a prophylactic agent during the period of weaning.

All patients with headaches of any type for whom an
abortive regimen is prescribed should be given clear guidance
about when and how often to use abortive agents and warned
about the possibility of developing medication overuse
headache if analgesic medications are used more frequently
than recommencded.

Occipital Neuralgia

Occipital neuralgia presents with episodic shock-like pain
radiating from the occiput over the crown of the head (in
the distribution of the C2 nerve root or the greater occipital
nerve that originates fram it), On examination, the pain may
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be reproduced with percussion over the occipital condyle, but
this sign is not abways present. MRI of the brain and upper
cervical spine should be performed to look for a strisctural eti-
ology causing compression of upper cervical roots, although
usually none is found. Occipital nerve block with lidocaine
injection can be highly effective, and confirms the diagnosis
i it is effective. If this is ineffective or does not provide lasting
benefit. anti-epileptics (e.g., gabapentin, carbamazepine) can
be considered.

Other neuralgias discussed elsewhere in this book
are trigeminal neuralgia (Ch. 13} and glossopharyngeal
neuralgia (Ch. 14).

Headache and Neurologic Deficits with
Cerebrospinal Fluid Lymphocytosis (HaNDL)

Headache and neurologic deficits with cércbhraspinal fuid
Iymphocyiosis (HaNDL) is a syndrome in which there is
a headache (typically migrainous in character and cpisode
length) accompanied by transient focal neurologic deficits
[commuonly somatosensory disturbances) and a lvmphocytic
pleocystosis in the CSF {generally hundreds of cells per cubic
miflimeter). Given that these clinical and laboratory fea-
tures could represent meningitis (although there is typically
no nuchal rigidity or feverl, encephalitis, or central nervous
tis, the diagnosis is generally made only as
sof exclusion after these entities are excluded by
yrmal in HaNDL) and negative C5F

lache, focal deficit, and
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Chiari Malformation

» arc I.IU'I!_'[_']II.:.II |'a'_'||'!|:lr |'|th||_]{:$ IL'II 'FI"
¢ | is characterized by the cerebellar ton
1 below the foriumen magnom, which may be

accompanied by a svrinx (see Ch. 5) (Fig, 26-<1). I'\'Fw 2 is

characterized by more extensive abnormalities including infe-
rior displacement of the brainstem and cerebellum causing
hydrocephalus and an associated myelomeningocele. Type 3
has similar brainstem and cerebellar abnormalities and dis-
placement as in type 2, but is accompanied by an occipital
encephalocele. Type 2 and type 3 cause extensive neurologic
dysfunction and are typically cinically apparent in infancy:
Type Lis mentioned here because itmay be clinically inappar-
ent in childhood, but patients may present with headaches in
adulthood. Chiari type 1 15 sometimes also noted incidentally
on newroimaging in a patient with {or without) headache.
Chiari type 1 can present with progressive headache that
i typically occipital, and is commonly associated with neck
pati. The headache typically worsens with activities that elevate

FIGURE ZE6-1 chiari Type 1 malformation. TZ-weighted
sagittal MRl image demonstrating low-lying cereballar tonsils and
syring of the cervical spine. Reproduced with permission from
Ropper A, Samuets M, Kleln ) Adams and Victor's Principhes of Newralody,
10th ed. New York: McGravw-Hill Education; 2014,

intracranial pressure (e, laughing, coughing, the Valsalva
maneuver). Due o crowding of posterior fossa strucures,
patients may present with eranial neuropathies, cerebellar
symptoms/signs (downbeat nystagmus is a classic finding),
and/or upper motor neuron signs. 1§ there is progressive neuro-
logic dysfunction, decompressive surgery should be considered.

The more challenging cases are patients with a Chiari type |
malformation disgnosed by neurcimaging who present with iso-
lated headache and no neurologic deficits. In such cases, clinical
history is of wimest importance to determine if the headache is
consistent with the features typically seen in headaches cansed by
a Chiari malformation (i.e.. posterior and exacerbated by laugh-
ing, coughing, and/or the YValsalva maneuver). If the patient's
clinical history is consistent with migraine or another primary
headache syndrome, the finding of a Chiari type | malformation
may be incidental, and surgical intervention in such cases often
fails to improve headaches (or may even worsen them),

1 an isolated headache in a patient with Chari type 1 is
consistent with the twpe of headache associated with Chiari
type |, but the pain is not intractable and there are no other
neurologic findings, patients may be treated symptomatically
and followed clinically and with serial imaging, Such patients
are generally referred for consideration of decompressive
surgery only if there is clinieal andfor radiologic progression.
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A PTER

CLASSIFI

THON AMD DIFFERENTIAL DIAGNOSIS OF
HAL POLYNEUROPATHY

PERIPH
Axonal Versus Demyelinating Neuropathies
Small Fiber Meuropathy
Autonomic Meuropathy

ACUTE POLYNEUROPATHY

Guillain-Barré Syndrome

Peripheral neuropathies can be classified as mononeuropathy
laffecting one nerve), mononeuropathy multiplex (affecting
multiple individual nerves), and polyneuropathy (affecting
peripheral nerves diffusely). Mononeuropathies of the upper
and lower extremities are discussed in Chapters 16 and 17,
and mononeuropathy multiplex is discussed in Chapter 15.
This chapter focuses on polynesropathy.

CLASSIFICATION AND DIFFERENTIAL
DIAGNOSIS OF PERIPHERAL
POLYNEUROPATHY

Polyneuropathies can be classified by:

« Modality affected: sensory, motor, sSensorimober, aulonamic

« Fiber type affected: large fiber (proprioceptionfvibration)
versus small fiber (painftemperature)

« Pathophysiology: axonal versus demyelinating

Sensory symptoms <an include negative symptoms
(numbness), positive symptoms (paresthesias, pain), and/or
sensory ataxia due 1o impaired proprioception (see " Distin-
guishing Cerebellar Ataxin From Sensory Ataxia” in Chapier 8).
Neurapathies affecting motor fibers lead to weakness with
lower motor neuron features (see “Upper Motor Nearon
Lesions Versus Lower Motor Neuron Lesions™ in Chapter 4).
Autonemic neuropathy can lead to orthostatic hypotension,
bowel/bladder dysfunction, impaired sweating, erectile dys-
function, and/or pupiliary abnormalities,

The ctiologies of peripheral polyneuropathy include:

« Metabolic causes: diabetes, uremia, vitamin B12 deficiency
« Medications:

Critical lliness Polyneuropathy and Critical lliness
Myopathy
CHRONIC POLYNEUROPATHY
Causes of Peripheral Polyneuropathy
Chronic Inflammatory Demyelinating
Polyradiculoneuropathy (CIDP) and Its Variants
Hereditary Neuropathies

Chematherapy: platins, taxanes, bortezomib (see "Chemao-
therapy-Induced Peripheral Neuropathy” in Chapter 24)
Antiretrovirals: didanosine, stavudine, zalcitabine (see
“Antiretroviral-Associated Meuropathy” in Chapter 20)

Antibiotics: metronidazole, linezolid, quinolones, nitro-

furantoin

« Antimycobacterials: isoningid, dapsone

+ Amiodarone

Toxins: heavy metals (e.g.. mercury, arsenic, lead), alcohol

Inflammatory processes:

« Primary neurologic inflammatory disorders: acute inflam-
matory demyelinating polyradiculoneuropathy (AIDP)
and chronic inflammatory. demyelinating polyneuropa-
thy (CIDP)

+« Inflammatory neuropathies secondary to systemic
inflammatory disease: Sjdgren’s syndrome, lupuis, sarcoidosis

Malignancy:

» Paraprotein-associated neuropathies: myeloma, POEMS
gyndrome (polynearapathy, organomegaly, endocrinopa-
thy, monoclonal gammopathy, and skin changes), sec-
ondary amyloidosis (see Table 27-1)

« Parancoplastic (see “Paraneoplastic Svndromes of the
Mervous System” in Chapter 24)

Infections: HIV, leprosy (see “HIV-Associated Distal Syim-

nietric Meuropathy® and “Leprosy™ in Chapter 20)

I-lcrediluq* disenses: N!.'llmp;ll:h}’ iy be the qn'l}- for

predominant) feature of hereditary conditions (e, Char-

vol-Marie-Tooth disease) or may be one component in a

miiltisystem hereditary disease (e, Tangier disease, Fabry's

di:iam:u:, acule mtermittent P':"I'Fh)'l"lﬂ {see Table 27- 3)
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Axonal Versus Demyelinating
Neuropathies

Axonal neuropathies affect the longest nerves lirst since these
are the most sensitive to dvsfunction in axonal physiology.
This causes svmptoms in a length-dependent pattern. The
fongest nerves are those that lead from the spinal cord to the
1oes, Therefare, patients with axonal neuropathies typically
present first with sensory changes and/or weakness in the feet
and loss of the ankle reflexes, but with preserved reflexes and
sensorimotor function elsewhere, As an axonal neuropathy
progresses, the symptoms and signs can ascend the legs and
ultimately begin to involve the distal upper extremities over
time. The hands are generally not affected in axonal neuropa-
thies until the neuropathy has progressed to the level of the
miid-calves in the lower extremities.

In contrast, demyelinating neuropathies affect myelin
throughout the peripheral nervous system, so short and
long nervesican be affected simultaneously. This causes both
proximal and disial symptoms-and signs, and can lead to
imvolvement of both the hands and the feel simultaneously
ot presentation, a non-length-dependent pattern. Since the
Iur:-gn:w'l nerves have the most myelin, they have the most pos-
sible territory to be demyelinated by a demyelinating process,
so symptoms may still begin in the distal extremities, How-
and fest may be affected simultaneously at
hon. and diminution or loss of tendon reflexes may
tion than in axonal neuropathies.

cver, the hands

iction between avonal and demyelinat-

iies is import t guides the differen-

DL maerine o IWUropalthics are caused

or metah etivlogies. w hereas

alng f:L'.lrii-I.".lll‘.il.H are caused -EZI‘I.'
|gi'. X

rthophysiologic distinction is logi-

eptions exist in

TOTHES.

This broad ¢
medications, and metabolic dyvsfunction

1o axonal I.r:'."ur.ﬂlh.'[:l:lr! [axo-

[ SCAUEE 1OXINS

ereas miyelin is affected in mios immune-
mediated inflammatory neuropathies {e.g. acute inflammatory
wdiculoneurapathy [AIDFP] and chronic
ng palyneuropathy [CIHRE]).
nduction studies i axonal neuropathies primiar-
¢ decrased amplitudes, whereas demyelinating
demonstrate slowing of comduction
velocities (and E'I:I'vlllun'r'_-:,\\l. distal Iatencies), In most inherited
demyelinating newropathies, slowing of conduction velocity
tends o be diffuse; in most acquired demyelinating neuropa-
thics (e.g.. traumatic or inflammatory), demyelination causcs
focal/multifocal conduction block {see “Merve Conduction
Studies” in Chapter 15 for further discussion). Additionally,
evaluation of multiple nerves with EMGinerve conduction
studies can demonstrate whether longer nerves are prefer-
entially affected (lenpgth dependence, suggestive of axonal
neuropathy) or whether shorter nerves are affected alongside
longer nerves that are not atfected (non-length dependence,
suggestive of demyelinating neuropathy).

ilv demior

neuropathics primarily

Small Fiber Neuropathy

The small unmyelinated nerve fibers that carry pain and
temperature sensation may be affected in isolation or in
conjunction with large fiber involvement. Small fiber
neuropathy is characterized by pain that is typically burn-
ing in character with allodynia (pain response to a non-
painful stimulus; e.g., the bed sheetz touching the feet).
Symptoms are most commonly length-dependent, begin-
ning in the feet.

Examination of patients with small iber neurapathy may
be normal, or may demonstrate diminished pain and temper-
ature sensation in affected areas, allodynia, andfor hyperalge-
sia (disproportionate response to painful stimulus). I there is
isolated small fiber neuropathy with no concurrent large fiber
involvement, reflexes will be normal.

EMGinerve conduction studies are usually
small fiber neuropathy (unless large fibers are also alfected),
since small unmyelinated fibers cannot be assessed by EMGY
nerve conduction studies. The diagnosis can be confirmed |J:-'
skin biopsy to evaluate the density of nerve fibers in the epi-
dermis, but if the elinical picture is clear, an evaluation for an
underlying cause may be pursued withouit biopsy. Etiologics
of small fiber neuropathy include:

pormal in

Metabolic: diabetes
Toxic: alcohol

Infectious: HIV, hepatitis C
Inherited: Fabry's disease, hereditary sensory and auto-
nomic neuropathy (HSAN), amyloidosis

Inflammatory: Sjogren’s syndrome, sarcoid, celiac disease,
paraneaplastic (most commaonly associated with anti-Hu
antibodies)

Some cases of small fiber neuropathy are idiopathic.

As with any cause of neuropathic pain, symplomatic
management includes antidepressants (amitriptyline, nortrip-
tyline, duloxetine), antiepileptics (gabapentin, pregabalin,
and topical treatments (lidocaine patch. eapsaiein cream).

Autonomic Neuropathy

The autonomic nervous system includes the sympathetic
pathways and parasympathetic pathways. Dysfunction of
the autonomic pathways can cause orthostatic hypotension,
bowel andfor bladder d:r:sl'undiun. impaired swealing, and/
or erectile dysfunclion. Autonomic neuropathy can oceur
concurrently with neuropathy affecting other modalities
fi.c.. sensory, motor, small fiber) such as in diabetes, Guil-
lain-Barrd syndrome, hereditary sensory and  autonomic
neuropathy t]{‘u\.M]. Sjogren’s syndrome, amyloidosis, and
parancoplastic  neuropathy. Autonomic neuropathy may
also occur in isolation in any of these conditions, as well as
in Chagas’ disease and autoimmune avtonomic nearopathy.
Autoimmune autonomic neuropathy is commonly postin-
fections with antibodies against ganglionic nicotinic acetyl-
choline receplors.



Diagnosis of autonomic peuropathy ean be made by
evaluating autonomic function with tests of sweating and
tests of the cardiovascular response to provecative maneuvers
(e.g., Valsalva maneuver, tilt table). Treatment is directed at
the underlying cause. Orthostatic symptoms may be man-
aged with education of the patient not to move from supine
to seated to standing too rapidly, compression stockings or
abdominal binder, and/or fludrocortisone or midodrine.

ACUTE POLYNEUROPATHY

Most polyneurapathies arise subacutely or chronically. The
differential diagnosis for the etiology of an acute-onsct poly-
neuropathy includes:

Guillain-Barré syndrome: acute inflaimmatory demyelinat-

ing polyradiculoneuropathy (AIDP) or acute axonal forms
see G n-Barré Syndrome™)

- -I'ilfra!!l‘-

« Organophosphates (often accompanied by cholinergic
| parasympathetic] symptoms)

+ Thallium (may be accompanied by hair loss)

« Arsenic (other heavy metals more often cause subacute
neuropathy, but arsenic may cause an acute or subacute
neuropathy)

Acute intermittent pnrp]‘l}'ria cawses a recurrent acute

motor-predominant neuropathy with abdominal pain, psy-

chiatric disturbances, and/or seizures. Triggers include bar-
biturates, antiepileptics, sulfonamides, alcohol, and fasting,.

Diagnosis is by urine porphobilinogen. and treatment is

with glucose and hematin.

Botalism presents similarly to an acute polyneuropa-
thy, but is actually a disorder of the neuramusecular junction
{see “Infection at the Neuromuscular Junction: Botulism™ in
Chapter 20). Viral poliomyelitis affects the anterior horn cells
({acute flaceid paralysis) and can also present similarly to an
acute polyneurcpathy (e.g., West Nile virus, enterovirus; see
“Acute Flaccid Paralysis™ in Chapter 20)

An acute-onset myelopathy (e.g., transverse myelitis) can
be difficult to distinguish from an acute polyneuropathy, since
upper molor neuron signs may not yet be present at the
time aof onset of a myelopathy (see *Transverse Myclitis™ in
Chapter 21). The presence of bowel/bladder dysfunction and/
or & spinal level on examination with acute-onset weakness is
more suggestive of myelopathy than polyneuropathy. If symp-
toms progress in the lower extremities without any involve-
ment of the upper extremities, this also suggests a spinal cord
process (because o generalized polyneuropathy would not be
expected to remain isclated to the legs).

Guillain-Barré Syndrome

Clinical Features of Guillain-Barré Syndrome
Guillain-Barré Syndrome (GBS) is the overarching term
for acute-onsel and rapidly progressive immune-mediated
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polyneurapathy. The underlying pathophysiology can be
either dt'l'l'-}’ﬂlii'ml:ing (acute inflammatory demyelinating
polyradiculoneuropathy [AIDP] or axonal (acute motor axo-
nal neuropathy [AMAN] and acute motor and sensory axonal
neuropathy [AMSAMN]). AIDPis more commaon, with AMAN
being most commenly seen in China. Axonal variants can be
associated with anti-GM1 antibodies.

The core features of GBS are the development and rapid
progression of symmetric paresthesias and/or weakness in
the extremities and loss of reflexes, often preceded by a
diarrheal or respiratory illness or vaccination. The notion
of "ascending paralysis”™ in GBS iz often misunderstood —it
does nof mean that the symptoms start in the hands and feet
and progresses proximally, but rather that the symproms
typically begin in the lower extremities and progress to the
upper extremities.

Since AIDP is a demyelinating neuropathy, symptoms and
signs are non-length-dependent, and patients can present with
distal paresthesias and proximal weakness (eq. gluteal and/or
hip flexor causing gait abnormalities) simultancously. Pain in the
back and/for feet may be an early feature. The pantern of a slightly
abnormal gait due to proximal weakness and nonspecific sensory
complaints andfor pain in the feet may lead initial examiners to
question a neurologic etiology, especially since reflexes may still
be present early in the disease. With progression of deficits and
loss of reflexes, the diagnosis becomes clearer. Maximal disability
is usually reached at 2-3 weeks into the illness,

Facial weakness is common in GBS, occurring in over
half of patients and usually bilateral (facial weakness isin a
lower motor neuron pattern since GBS affects peripheral
nerves, including the cranial nerves). Autonomic instability is
also commeon, mostly commonly manifesting as fluctuations
in heart rate and blood pressure. Hyponatremia may accur
and is likely due to the syndrome of inappropriate antidiuretic
hormone secretion (STADH). Bladder involvement in GBS is
rare, and if present, should prompl consideration of spinal
cord pathology (eg. epidural abscess, transverse myelitis),
which is the main differential diagnosis for rapidly progres-
sive symmetric weakness and sensory cha nges.

Beyvond the core features of areflexia and symmetric
sensory and motor deficits, there is considerable variation
in the spectrum and severity of GBS, Pure sensory, pure
motor, and pure autonomic variants exist, The Miller
Fizher variant presents with ophthalmoplegia, ataxia, and

areflexia but with no or minimal weakness, and is associ-
ated with anti-GO1E antibodies. In a varianl referred to
as facial diplegia with acral parcsthesias, patients pres-
ent with isolated bilateral lower motor neuron-pattérn
tacial weakness accompanied by paresthesias in the distal
extremities and decreased or absent reflexes, bul without
extremity weakness. The pharyngeal-cervical-brachial
variant causes dysphagia, neck weakness, proximal upper
extremily weakness, and areflexia that is often limited ta
the upper extremities, and may also cause prosis anti-
GTla antibodies may be seen with this variant.
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Severity of GBS may be mild with patients remaining
ambulatory throughout the illness, or may be severe with
progression to complete quadriplegia with respiratory faflure
requiring intubation and mechanical ventilation.

Diagnosis of Guillain-Barré Syndrome
Cerebrospinal fluid {CSF) analysis in GBS demonstrates an
inflammatory pattern of elevated protein and no or few white
bleod cells (although CSF can be normal early in the disease).
This dissociation between efevated protein and minimal or
o elevation in white blood cells is referred to as albumino-
cytologic dissociation. Although this patiern of C5F find-
ings is usually taught/learned in the context of GBS, it isa
nonspecific pattern seen in inflaimmatory disorders of the
nervous svstem. If there is a CS5F pleocytosis in a patient
with GBS, the possibilities of HIV seroconversion (see "HIV
Seroconversion Syndromes Involving the Nervous System”
in Chapter 20), Lyme disease, and neurolvmphomatosis as
the cause of an acute polyneuropathy should be considered.
Lumibar puncture may be normal early in the course of GBS.

In AIDP, nerve conduction studies show a demyelinating
pattern with slowed velocitiesfinereased latencies, conduction
block, and absent F waves (reflecting proxinial demyvelination
in the roots; see "F Wave™ in Ch. 15]. It should be noted that
very early in the disease course, EMG/nerve conduction stod-
fes may be normal,

MBI in GBS, if obtained due to clinical concern for spinal

cord pathology, may show enhancement of nerve rools

Management of Guillain-Barré Syndrome

force should be

vy and negative inspiratory

ntation and monitored serially. This

e even in patients with no réspiratory symp-
tomé, 20 carly respiratory weakness can'be detected by these
icasures before it becomes clinically apparent. In patients

ficant facial weakness, there may be difficulty mak-

img a seal on the instruments used to test respimatory param-
cters; leading (o I.||:~.|:_'1‘_.' alarming valoes, A I'ill.l.'_._'||i bedside
measure of vital capacity can be ebtained and followed seri-
allv by asking the patient to inhale moaximally and then count
as high as possible while exhaling on one breath—every 10
accounts for roughly 1 liter of vital capacity (ic. patient
counts to 20 on one breath— equivalent to aboul 2 liters of
vital capacity. 30 approximately 3 liters). Neck flexion and
extension musculature is supplied by C3-C5 asis the phrenic
nerve, so evaluating for neck (lexion/extension weakness can
serve asa measure of muscles innervated by the same roots
as the diaphragm. Patients with clinically apparent respira-
tory failure or a trajectory of worsening respiralory param-
eters generally require intubation,

GBS that progresses rapidly andior causes gait impair-
ment is treated with [V immunoglobulin (1V1g) or plasma-
pheresis, which appear to be equivalent in efficacy. Treatment
usually does not lead to any noticeable improvement in the
agule setting, but can lessen the ultimate severity of the dis-
ease and shorten the time o recovery. Treatment reguires

intensive supportive care, 1.1sua||:.r in an intensive care seiting
except in mild cases. The prognosis is related to the severity of
the disease, but the majority of patients without respiratory
failure will recover completely or with minor sensorimotor
deficits.

Critical lliness Polyneuropathy and Critical
lllness Myopathy

Patients hospitalized in intensive care units for sepsis or
other critical illnesses can develop an axonal sensorimotor
polyneuropathy and/or a myopathy over an acute to sub-
acute peried. Critical illness polyneuropathy and myopathy
are part of the differential diagnosis for unexplained failure
to wean from a ventilator (the differentinl diagnosis also
includes myasthenia gravis and prolonged neuramuscolar
bleckade).

Critical illness polyneuropathy and myopathy both
cause diffuse symmetric weakness of the extremities. Facial
weakness may be present in some cases, but extraocular
weakness usually does not occur. Critical illness polyneurop-
athy will cause impaired sensation in addition to weakness,
Although sensation is spared in eritical illness myopathy,
sensation can be difficult to assess in critically ill patients,
and patients may have preexisting sensory loss from an
underlying preexisting neuropathy, Reflexes may be spared
incritical illness myopathy, but are typically absent in criti-
cal illness polyneuropathy. Serum creatine kinase (CK) may
be elevated in critical illness myopathy. Il EMG/nerve con-
duction studies are performed. both conditions show dimin-
ished compound molor action potentials (CMAPs) (due to
axonalloss in critical iflness neuropathy; due to muscle fiber
loss in critical illness myopathy). However, sensory nerve
action potentials (SNAPs) are only diminished in critical fll-
ness polyneuropathy as opposed to critical illness myopathy,
in which they should be normal. Neuromuscular blockade
and high-dose steroids used o treat the underlying critical
illness may increase the risk of the development of eritical
illness myopathy.

Although a distinction can sometimes be made clini-
cally/electrophysiologically between critical illness polyneu-
ropathy and critical illness myopathy, patients may have both,
and there is no treatment for either aside from rehabilita-
tion. Medication-induced causes of neuropathy or myopathy
should be searched for before making the diagnosis of criti-
cal illness myopathy or polyneuropathy. Many patients who
recover from the underlying eritical illness will recover to
some degree from critical illness neuropathy/myopathy over
subsequent months,

CHRONIC POLYNEUROPATHY
Causes of Peripheral Polyneuropathy

The differential diagnosis for chronic symmetric poly-
meuropathy is extensive, as noted at the beginning of the




chapter, The most commeon cause in higher-income coun-
tries is diabetes mellitus, and neurapathy may be the pre-
senting feature of the disease. Leprosy is one of the most
common causes of polyneuropathy worldwide (see “Lep-
rosy” in Chapter 20).

When evaluating a patient with a suspected polyneuropa-
thy, the history should assess for:

« Types of symptoms: pain, paresthesia; numbness, weakness,
|th't!ll.":l:."i1ll:!li.'||1l:r|l

« Distribution of symptoms: non-length-dependent (demy-

clinating} versus length-dependent (axonal)
« Medicatio posures: chematherapy, antibiotics, antiret-
rovirals, antimyoechacterials, amiodarone
« Toxicexposures: alcohol; heavy metals
HIV risk faci
Lel: veg n diet can cause vitamin B12 defciency; his-

oy ol

gastric bypass can cause multiple vitamin and min-
eral deficiencies if patients are not taking supplementation

The American Academy of Meurology guidelines (Eng-
land et al., 2009} recommend the following initial laboratory
leats for the evaluation of distal symmetric polyneuropathy:

Fasting blood glucose or hemoglobin Alc to evaluate for
diabeles
Vitamin B12 and methylmalonic acid (MMA) levels to
assess for vitamin BI2 deficiency

L Serum protein clectrophoresisfimmunofixation (SPEP/
IFE) to evaluate for a monoclonal gammopathy as a cause
of paraprotein-associated neuropathy

Even in patients with a clear potential cause of neuropa-
thy (e.g. exposure to chemotherapy known to cause nearopa-
thy), it can be useful to check serum vitamin B12, hemoglobin
Alc, and SPEP with immunofixation o evaluate for additional
common and potentially reversible underlying eticlogies as
possible contributors to the patient’s neuropathy. [n a patien
with known diabetes, vitamin BI2 deficiency, or mycloma,
one should consider sending laboratory tests to evaluate for
the other two potentially contributing causes.

1f no etiology is determined with this first-pass laboratory
screening. additional testing depends on the clinical context
and can include EMG/nerve conduction studies to further
characterize the newropathy, autoimmune serologies (ANA,
Ko, La), cryoglobulins, HIV, celiac antibodies, paraneoplas-
tic antibodies (anti-Hu), heavy metals, and genetic testing for
Charcot-Marie-Tooth  disease (see "Charcot-Marie-Tooth
Disease”™ below).

Diabetes most commonly causes a distal symmetric
sensory or sensorimotor polynearopathy, but can also cause
painful small fiber neuropathy, autonomic nearopathy, lum-
bosacral radiculoplexus newropathy (see Ch. 17}, mononeu-
ropathy (see Chs, 16-17), and mononeuropathy multiplex
{see Ch. 15).

Vitamin BI2 deficicncy can cause myelopathy andfor
cognitive changes in addition to peripheral neuropathy, A
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mixed picture of myeloncuropathy can be seen (e.g., absent
reflexes with Babinski sign; absent reflexes in ane region
with brisk reflexes in another). The differential diagnosis
for myeloneuropathy also includes copper deficiency, adre-
nomyeloneuropathy (see Ch. 31), and the combination of
myelopathy and neuropathy caused by different ctiologies
(e.g., cervical stenosis and diabetic neuropathy). Myclopa-
thy and neuropathy can also occur congurrently in HIV (see
“Meurologic Complications of Advanced HIV Infection” in
Ch. 20).

The type of neuropathy and systemic features of para-
protein-associated neuropathies vary based on the underlying
condition { Table 271}, Sereening for monoclonal gammaopa-
thy (SPEPfimmunofixation) is part of the initial evaluation
for patients with peripheral neuropathy so as not to miss the
apporiunity for potential carly detection of a hematologic
malignancy. IFa monoclonal gammopathy is discovered by a
neurclogist in the evaluation of a peripheral neuropathy, fur-
ther evaluation and management is best undertaken in col-
laboration with a hematalogist/foncologist.

Chronic Inflammatory Demyelinating
Polyradiculoneuropathy (CIDP) and Its
Variants

Like acute inflammatory demyelinating polyradiculoneu-
ropathy (AIDP), chronic inflammatory demyelinating
polyradiculoneuropathy (CIDP) is an immune-mediated,
symmetric, non-length-dependent sensorimotor polyra-
diculoneuropathy with demyelinating features on nerve
conduction studies and albuminocytologic dissociation.
However, CIDP usually presents insidiously over months
compared to the acute presentation of AIDP, and is not usu-
ally preceded by an antecedent infection as is common in
AIDP. There are SENF0ryY, motor, and sensorimotor variants
of CIDP (Table 27-2). Cranial nerve invalvenent in CIDP
can occur but iz extremely rare. The course can be either
slowly progressive or relapsing. Some patients present
acutely/subacutely and initially may appear to have AIDP,
but either relapse or continue to progress bevond the usual
course cxpected with AIDP. For the classic symmetric prox-
imalfdistal sensorimotor C1RP, steroids (daily or pulsed),
IVIg, or plasma exchange may be used for treatment.

Variants of CIDP (Table 27-2)

A symmetric but distal-predominant variant of CIDP known
as distal acquired demyelinating symmetric (DADS) neu-
ropathy is important o recognize since it can be associated
with a monoclonal protein (anti-MAG 1gM) and generally
1'-::'.pu|1.ds pﬂnrl}' i immunuthn}mp'_.'. A rare purely SENSOTY
form of CIDP called ehronie immune gensory polyradiculo-
neuropathy (CISP) presents similarly to sensory ganglionop-
athy (sensory deficits including sensory ataxia with preserved
strengths see "Discases of Dorsal Root f.‘:nu,gli,a; G:].ug'lim]ppa.
thy (Sensory Neuronopathy)”™ in Ch. 15).
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TABLE 27-1 Paraprotein-Associated Neuropathies.

Paraprotein Meuropathy Associated
Neuropathy Clinical Hamatologic
Heavy Chiain  Light Chain Typeis) Phenotypels) Systomic Features Malignaney
MGUS Tght (rott Kappa Darrelinating Sansory None 1%l pear risk of
- |l Itiple
COMTETION: Tigh&) AT e e developing multip
ERELE Axonal (IgG. Igh. DOSdiED
anti-MAG] g DADS
IgM)
g3
Iga
Multiple myeloma gG Happa Axonal Sensorimotor Hypercaleemia Plasma cell tumor
[ e
I.;f.‘. Anemia s
Renal disease
Fatgue
Bone pain
Waldenstrom's Eghd (can be Fappa Demyelinating SEnsory- Hepatosglenomegaly Lymphoplasmacytic
macroglobulinemia anti-MAG] predominant Iymphoma
Axonal with sensciy Adenopathy
ataxia
POEMS syndrome 109G Lambda Demyelinating SEnsorimonos Folyneurcpathy Dateocleronic
: with a | miyeloma
B predaminant foanomegz
wieakness and Enclocrinapathy
el M spike
Skin changes
Elevated VEGF
Papifledema
AL amyloldosls G amibda Rutonomic Sensory Rephrotic syndrome Multiple myeloma
Igh il srreall Sensorimotor Rastrictive Waldenstrom's
ey carciomyapathy macraglobulinemia
Axcnal Aot Hepatomegaly Lymphoma
Cari b Macroglossia Idiopathic (no
e wth Facial malignancy
associated wit acial purpura identihedd
carpal tunnel
syndrome

i1 gammopsthy of undetermined signifecance; POEMS: polyneuropathy, organc-
o eridathelial geesith faciar,

rifiul small fiber and sutonomic neuropathy, bak is not sassociated with 3 parapdanein

TABLE 27-2 Variants of CIDF.

Associated
Clinical Treatmant antibody
“Classic” CIDP Sensotmotor Symmetric Prowimal and distal Steroids MIA
iWig
Plasma exchange
MADSAM |Lewls-Sumner SEnSOHmos Azymmetric Multifocal Steroids MR,
syndrome) Wiy
DADS Sensorimaonor Symimetsic Disnal Respands poorly when Antl-MAG
asseciated with anti-MAG
MMN Matar Asyrimetic Multifocal g AnthGMI
CIsp Senory Symmatric Prosimal and distal Vig IR
Steraids

Abbarationd: CIDP: chronk immune demyslnating polyradiculonsurcpathy: CHE: chronkc immune swensony patyrediculoneunopathy; D&DS: dists) aquired demyehinaling
sy neurapatiy: MADAAM: multifocal acquired demypelinating sensory and motar neurcEattn; MMS: multfocs! squined demyelinating sensony and motor neurcpativy,



Two CIDP variants of asymmetric onset are multifocal
acquired demyelinating sensory and motor neuropathy
(MADSAM;: also called Lewis-Sumner syndrome) and mul-
tifocal motor neuropathy (MMN). The “multifocal” aspect
of these names refers to the fact that these variants tend to
present asymmetrically, with multiple focal neuropathies as
apposed to the more confluent symmetric presentation of
classic CIDP, MADSAM affects both sensory and motor nerve
fibers as the name suggests, MMM is purely motor and should
be considered in the differential diagnesis for motor neuron
disease (g, amyotrophic lateral sclerosis [ALS]: see "Amyo-
trophic Lateral Sclerosis (ALS) And Its Variants™ in Chapter

MMM can be associated with anti-GM 1

oes not respond Lo treatment with steroids
vhen steroids are administered), but usually
rent with TVIg.

28) and vice vers
antibodies. Mk
I maw

I l:'IhJ‘-.I g ]

Hereditary Neuropathies (Table 27-3)
Mewropathy can occur as the primary or only feature of a
genetic disease (e.g., some varlants of Charcot-Marie-Toath
disease). or may be one component of a genetic syndrome
atfecting multiple levels of the nervaus system (e.g., Fabry's
disease, familial a myloidosis, porphyria, some of the spinocer-
chellar ataxias, some of the leukodystrophies).

Charcot-Marie-Tooth Disease (Hereditary Motor
and Sensory Neuropathies)

[he most common presentation of Charcot-Marie-Tooth dis-
case (CMT) Is a stowly progressive distal-predominant senso-
rimotor neuropathy with hammer toes and high arches of the
feet. These elassic features oceur in the most commaon variants
ol CMTI and CMT2. Most patients present in adolescence or
carly adulthood but may have noted clumsiness and poor per-
formance in sports in childhood. Rarer forms of CMT may
have diverse features in addition to neuropathy. Many of the
maost common forms of CMT are dominantly inherited, so
there is typically a family history of the disease. Nerve con-
duction studies in CMT may reveal a demyelinating (CMTIL,
CMT3, CMT4) or an axonal (CMT2) pattern. IF genetic test-
ing is performed, it is targeted based on the most common
mutations seen for the electrophysiologic/pathologic subtype
[demyelinating versus axonal), and the inheritance pattern
(dominant versus recessive versus X-linked). The most com-
mon mutations are:

« Demyelinating CMT: PMP22 and MPZ
» Axonal CMT: MEN2
« X-linked CMT: GIBI
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Dejerine-5Sottas discase (CMT3) is a rare infantile-onset
severe form of the disease, and should be included in the dif-
ferential af the “loppy (hypotonic) baby."

Treatment of CMT is supportive, aimed at maintenance
of ambulation with orthoses and physical therapy.

Hereditary Sensory and Autonomic Neurapathies
The hereditary sensory and autonomic neuropathies
(H5AN]) are a group of very rare diseases that cause sensary
loss (most commonly loss of pain and temperature sensa-
tion} and/for autonomic dysfunction, as the name suggests.
Most subtypes of HSAN are infantile-onset and autosomal
recessive, with the exception of HSAN, which is adult-onset
and’ autosomal dominant. Most subtypes of HSAN cause
profound loss of pain and temperature sensation, which can
result in unnoticed injuries and subsequent complications
such as skin ulceration leading to infection. Suppaortive man-
agement therefore focuses on prevention and treatment of
these complications.

Hereditary Neuropathy With Liability to

Pressure Palsies

Caused by a deletion in the same gene that is duplicated in
CMTIA (PME22), hereditary neuropathy with liability to
pressure palsies (HNPP) is a dominantly inhernited condition
that causes increaged risk of focal neuropathies at commaon
sites of compression (median at carpal tunnel, ulnar at medial
elbow, peroneal at fibular head; see Chs. 16-17). A symmetric
polyneuropathy may also be present.

Other causes of polyneuropathy discussed elsewhere in this
book include infections (leprosy, HIV; see "HIV-Associated
Distal Symmetric Newropathy™ and “Leprosy™ in Ch. 20},
chemotherapy-induced neuropathy (see "Chemotherapy-
Induced Peripheral Meuropathy™ in Ch. 24), and paraneo-
plastic neuropathy (see Paraneoplastic Syndromes of the
Mervous System” in Ch, 24),
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TAEBLE 27-3 Hereditary Neuropathies.

Clinical features
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cmT
CMTI DCrstal senzorimoger Morve Teens- 205 Demyslinating Aurosomal Mlost camman:
i3 inant
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OVERVIEW OF MOTOR NEURON
JMSEASE

[his chapter discusses a group of diseases that affect motor
neurons inisolation, collectively referred to as motor neuron
disease. Motor neuron disease can affect upper motor neu-
rons (motor neurons of the central nervous system), lower
motor neurons (motor neurons of the peripheral nervous sys-
tem), or both (Table 28-1). The primary symptomt of motor
neuron disease is weakness, The distribution of weakness,
associated signs (upper motor neuron vs lower motor neus
ron vs both; see “Upper Motor Meuron Lesions Versus Lower
Motor Neuron Lesions” in Ch. 4), and pace of progression dif-
fer depending on the disease. Just asthere are upper and lower
motor neurons for the muscles of the extremities, the motar
cranial nerves contain lower motor neurons under the control
of upper motor neuron cortical input (corticobulbar tract).
The muscles of the face, larynx, and pharynx (bulbar muscles)
are affected in IMAY Molor neunan diseases,

AMYOTROPHIC LATERAL SCLEROSIS
(ALS) AND ITS VARIANTS

Clinical Features of Amyotrophic Lateral
Sclerosis (ALS)

The most common motor peuron disease is amyotrophic
lateral sclerosis (ALS). ALS affects the motor system both
centrally and pl.‘l"i}'i|'|.l.'l'i'l||‘l|' Icmling 1o weakness in the limbs
and bullar and respiratory muscles, with both upper notar
neuron signs and lower motlor neuron signs on examination,

SPINAL MUSCULAR ATROPHY (SMA] AND
SFINAL BULBAR MUSCULAR ATROPHY
[KEMMEDY'S DISEASE)

ALS has a pure central nervous systemfupper motor
newron variant known as primary lateral sclerosis, a pure
peripheral nervous systemylower motor neuron variant called
progressive muscular atrophy, and a pure brainstem variant
known as progressive bulbar atrophy. These variants are less
common and may accumulate additional features over time,
developing into ALS (Le, lower motor neuron signs emerge
in primary lateral sclerosis, upper motor newron signs develop
in progressive muscular atrophy, extremity weakness arises in
progressive bulbar atrophy).

ALS typically begins after the age of 50, but can affect
younger patients. Early-onset cases are often familial. Slowly
progressive weakness most commaonly begins in one limb and
progresses over time to involve the other limbs, the tongue,
the larynx, the pharynx. and the respiratory muscles. Less
commaonly, the disease can also begin in the bulbar muscles
and spread to the limbs. Pseudobulbar affect (laughing and/
or crying out of proportion to the emotion felt) can occur in
later stages of the disease. Eye movements and bowel/bladder
control are usually normal until the very latest stages of the
disease (bladder control is normal due to sparing of Onuf’s
nuclens in the sacral spinal cord ).

Examination reveals a combination of both upper motor
neuron signs (hyperreflexia, clonus, Babinski's sign, increased
jaw jerk reflex) and lower motor neuron signs (atrophy, fas-
ciculations), and both types of findings may be present in the
same limb, Tongue fasciculations are a classic inding but are
not always present, especially if the bulbar muscles are not
involved. In some patients, ALS and frontotemporal demen-
tia (see Ch. 22) occur together, but cognition may be atfected
even in patients with ALS withoul frontotemporal demen-
tin. ALS typically progresses to respiratory failure and death

289
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TAELE 28-1 Cclinical Features of Motor Neuron Disease.

Lower Motor Neuromn Upper Motor Meuron Bulbar Muscle
Invelvement Invelvemaent Invalvement
Amyotrophic lateral sclerosis =3 o o
+ Primary lateral sclerosis o o [late}
« Progressive muscular atrophy 4 « [late)
W

« Progressive bulbar atrophy
Spinal muscular atrophy (see Table 28-2]
Spinal bulbar muscular atrophy (Kennedy's disease)

< Itypes 1 and 21

o

within 2-3 vears of diagnosis, but progressive lateral sclero-
«is and progressive muscolar atrophy can have 2 much more
indolent course and far longer survival.

Although most cases of ALS are sporadic, a minority of

cases are familial, The most commonly assochated muitations
are in the genes CRorf72 and SO0, Mutations in these genes
can be inherited in an amosomal dominant pattern, bul can
also occur sporadically.

Diagnosis and Differential Diagnosis of
Amyotmphlc Lateral S{Eemsas (ALS)

I eriteria (Brooks et al, 2000), a definite
be made if there are both upper motor

maolor

urcn signs in three of four regions
gervical, thoracic, and lumbar).
% can be made if there are upper

wpnosis of A
olor negron and lower motor. nearon signs in two ;i_'i;:in:_l:n.

f UPPer Molor Neuron region superior 1o
r neuron regions, For probable diagnosis,

be determined by EMG or

calures may
ns studies in ALS demonstrate
motor action potentials (CAMAPs)
on loss) with normal sensory nerve action
[SNAP

nerve irritabilioy

). EMU demonstrates evidence of motor
fiber
n (fbrillation potentials), and muscle fiber rein-
nervation (increased amplitude and duration of motor unit
action potentials (| MUAPs] with polyphasia). (For explana-
tion, of interpretation of EMG Ilndm-'-.. see  Introduction
to Electromyography and Nerve Conduction Studies® in
Chapter 15.)

The diagnosis of motor neuron disease requires that
other potential etiologies of motor system pathology have
been excluded such as cervical spine discase for upper motor
neuron dysfunction and neuropathy for lower motor neu-
ron discase, Therefore, in the evaluation of suspected ALS,
MR of the cervical spine should be performed (o evalvate
for cervical myelopathy, and MRI of the brain should be
considered i there are isolated bulbar features at the time
of initial evaluation, In patients with both upper and lower

potentials

(lasciculation potentials), muscle

G

motor nearon signs at presentation, additional causes af
combined myelopathy and neuropathy (myeloneuropathy)
that should be considered include vitamin B12 deficiency.
copper deficiency, and adrenomyeloneuropathy (see Ch.
31). Isolated paraplegia with upper motor neuron signs can
occurin hereditary spastic paraplegia (see “Hereditary Spas-
tic Paraplegin” in Ch. 5).

Although myopathics and neuromuscular junction disor-
ders affect the molor system in isolation, their presentation is
generally distinct from that of motor neuron disease. Myopa-
thies and neuromuscular junction disorders are gene rally sym-
metric and do not cause upper or lower motor neuron sig:is.
Myasthenia gravis (the most common neuromuscular junc-
tion disorder) causes fatigable weakness and often involves
the evelids andfor extraocular muscles at presentation {see
Ch. 29}, both of which are not generally involved at presenta-
tion in ALS (although eye movements may be affected late in
the course of ALS), Multifocal motor neuropathy (see Ch. 27)
can closely imitate motor neuron disease, causing asymmet-
ric lower motor neuron-pattern weakness involving multiple
extremities over time, but no upper motor newron signs occur
in multifocal motor neuropathy. The possibility of multifocal
motor neuropathy is assessed for by looking for conduction
block on nerve conduction studies {see Chs. 15 and 27).

There is a bibrachial form of ALS that presents with find-
ings limited to the upper extremitics. However, whena patient
dievelops weakness and atrophy in one or both upper extremi-
tiea in dsolation, Hirayama disease (monomelic amyotro-
phy) should be considered. In Hirayama disease, an anatomic
abnormality of the spine causes the anterior horn cells of the
cenvical Lliilllll cord 1o be mmprcssul when the neck is fexed.
This leads 1o chronic development of unilateral or bilateral
forearm weakness and atrophy, usually sparing the brachio-
radialis. Hirayama discase is more common in young men.
MRI of the cervical spine in Hirayama disease may be normal
unless performed with the neck in flexion, which will demon-
strate anterior shilt of the posterior dura leading to compres-
sion of the anterior spinal cord against the vertebral bodies.
Hirayama disease is treated with a cervical eollar for several
months, and surgical intervention if this measure fails 1o stop
progression of the condition,



Treatment of Amyotrophic Lateral
Sclerosis (ALS)

The only medication found to have a disease modifying effect
in ALS is riluzole, which decreases glutamate-mediated exci-
tatoxicity. Riluzole can increase the time to development
of respivatory failure and can prolong survival by several
months, Care is otherwise supportive, addressing symploms
such as spasticity (baclofen, tizanidine), pseudobulbar affect
(dextromethorphan-quinidine), respiratory muscle weak-
ness (bilevel positive airway pressure [ BiPAP]), and nutrition
[enteral feeding vin percotancous endoscopic gastrostomy
[PEG] ul falients must be counseled early on end-of-
lite decision making to begin a discussion of whether or not
they will uli Iy wanl to be placed on a ventilator. (For
a thoughtful and poignant discussion of patients” choices in
AL, see Ch, 8 and 9 in Ropper and Burrell, 2014).

PINAL MUSCULAR ATROPHY (SMA)
AND SPINAL BULBAR MUSCULAR
ATROPHY (KENNEDY’S DISEASE)

Spinal muscular atrophy (SMA) is an autosomal recessively
inherited purely lower motor neuron disease caused by muta-
tions in the survival motor neuron (SMMN) gene. In contrast
o ALS and its variants, SMA vsually presents symmetrically,
with proximal muscles affected predominantly. SMA types
I -4 differ in age of onsel and severity, with the lower numbers
signifying earlier onset and more severe and rapid progres-
sion (Table 28-2).

Kennedy's disease (spinal bulbar muscular atrophy)
is an X-linked adult-onset disease of lower motor neurons
that predominantly affects the proximal upper extremities
and bulbar muscles. The genetic mutation is in the androgen
receptor, and gynecomastia and infertility are usually present.

Other discases that can affect motor neurons exclusively
discussed elsewhere in this book include viral infections of
the anterior horn cells (polio, West Nile virus; see “Acute
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TABLE 28-2 clinical Features of Spinal Muscular
Atrophy [SMA).

Age of Onset Motor Abdlity Survival
Type 1 In the first Cannot life Generally
(Werdnig- rmonths of life head <2 years
Hoffman) [decreased fetal
movements
may be noted)
Type2 Before 18 Can it but faung
manths cannot stand adutthood
withaut
assistance
Type 3 By 3 years Can walk Can be
(Kugelberg- Independently mormmal
Welander falthough
syndrome) may lose that
ability]
Typa 4 Adudt-onget Proximal Can ba
waakness narmal

Flaccid Paralysis™ in Ch. 20), multifocal motor neuropathy
{a demyelinating neuropathy affecting motor nerves in isola-
tion: see “Variants of CIDP" in Ch. 27), and hereditary spas-
tic paraplepia (see “Hereditary Spastic Paraplegia” in Ch. 5).
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COMNGENITAL MYASTHENIC SYNDROMES AND
MNECMATAL MYASTHENIA GRAVIS

Congenital Myasthenic Syndromes

Neonatal Myasthenia Gravis

Al the neuromuscular junction motor reurons release ace-
tylcholine that binds to acetylcholine receptors on the post-
symaptic muscle fibers, causing them to contract. Diseases
of the newromuscular junction can be classified as either
presynaptic (e.g., Lamberi-Eaton syndrome, botulism) or
postsynaptic (e.g. myasthenia gravis) (Fig. 29=1). Con-
genital myasthenia gravis can be caused by mutations in
cither presynaptic or postsynaptic neuromuscular junction
structures.

MYASTHENIA GRAVIS

Clinical Features of Myasthenia Gravis

Myasthenia gravis is a postsynaptic disorder of the neuro-
muscular junction in which antibodies are produced against
components of the acetylcholine receptors on muscle. These
antibodies are most commonly against the acetylcholine
receptor itsell, leading to blocking and destruction of these
receplors.

Weakness in myasthenia fluctuates and is fatigable: It
emerges or worsens with exertion and late in the day, and
resolves with rest. Imagine the acetylcholine rushing across

C H

AP T E R

LAMBERT-EATON MYASTHEMNIC 5YNDROME

Clinical Features of Lambert-Eaton Myasthenic
Syndrome

Diagnosis of Lambert-Eaton Myasthenic Syndrorme

Evaluation for Malignancy in Lambert-Eaton
Myasthenic Syndrome

Treatment of Lambert-Eaton Myasthenic Syndrome

the neuromuscular junction to synapse on its receplors on
the muscles. If these receptors are blocked or diminizhed in
number due to antibody-mediated destruction, the available
receplors will quickly be saturated, and no further response
to acetylcholine can be elicited. This leads to initial muscular
force but subsequent fatigue.

In most patients with myasthenia gravis, one or both eyes
are involved at presentation with fluctuating/fatigable ptosis
and/or diplopia (due to extraccular muscle weakness). The
pupils are not affected. The diseage may remain limited to the
eyes in a small proportion of patients {ocular myasthenia).
In patients whose symptoms are initiaily isolated to the eyes,
about half will ultimately develop signs of generalized myas.
thenia gravis beyond the eves over subsequent vears. Bevond
the eyes, facial weakness, dysphagia, laryngeal weakness lead-
ing to a hypophonic andfor nasal voice, jaw weakness, and
meck weakness are common, and extremity weakness and
respiratory weakness also ocour.

Myasthenia gravis has a bimodal disiribution in its age of
presentation, most :.11"1::1{“11}' |.1n:.=.:'::1.ing in YOUNEET wWonen
(205-305) and older men (260), There are several bedside
maneuvers that can be used to evaluate for fatigability on elin-
ical examination.
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FIGURE 29-1 schematic of the neuromuscular junction and sites of “lesions” in neuromuscular disease. Reproduced with permission
from Aminoff M, Greenberg D, Simon R: Clindcal Mewrofogy, Sth ed. New York: McGraw-Hill Education: 2015.

For theeves:
« Ptosis time assesses the amount of time a patient can
sustaln epgare. In patients with myasthénia, one or both
i like descending curtains due

hrae muscles.

start to slow

to fatipue of the levalor pa

e to the evelids (ice-
]‘r;::k lest), since cold lemperatures may facilitate newvro-

« Plosis may improve after applying

el

Altemipied susisined eve '.:.:('l"'\-'.:.'\'.'. the EVes may starl o

peek sign) due to fatigable weakness of the orbicu-

= If the examiner lifts the eyvelid on one side 1o relieve prozis,
piosls may emerge on the other side, This is because the
eyelids are controlled o move conjugately, so the foree to
attempt 1o overcome a protic lid is distributed to both lids,
When the examiner relieves the protic lid of the force being
required to lift it, the other lid also has less foree directed
toward it and may droop.

After asking the patient to close the eves gently and then
ook up rapidly, the affected eyelid may move rapidly
upward and then fall back to a protic position (Cogan’s lid
twitch}. Besting the lid presumably allows for a “rebound”
of the lid before it again ftigues,

Saccades may undershoot their goal (hypometric sac-
cades). but may be more rapid than normal. The increased
rapidity of saccades presumably reflects some sort of
central adaptation attempting to overcome the weakened

extraccular muscles: An extra burst of energy makes the eye
move quickly over a small distance rather than at normal
speed over the intended distance.

Fatigable weakness can also be elicited in the extremi-
ties. Alter testing bilateral deltoid strength 1o assure that it is
symmetric at baseline, the patient is asked to abduct one arm
100 times (“like a Mapping wing”). The examiner then retests
the deltoids to look for whether exercise has cansed weaken-
ing of one side, leading to asymmetric strength.

Myasthenic Crisis

The most feared complication of myasthenia gravis is myas-

thenic crisis. This i an acute exacerbation in myasthenia

causing respiratory failure requiring intubation. Myasthenic

crisis can be triggered by any physiologic stress (e.g.. infec-

tion, surgery) or I medications including:

« Amtibiotics: quinolones, macrolides, aminoglycosides

« Cardiac medications: beta blockers, calcium channel block-
ers, quinidine, procainamide

« Magmesium

» Anesthetic agents

+ Menromuscular blocking agents

Rarely, myasthenic crisis may occur as the first presenta-
tion of myasthenia gravis, It should also be considered in the
differential diagnosis of filure Lo extubate a patient following
.‘iLEIE,L‘r}'.



Treatment of myasthenic crisisis with steroids and immu-
nomodulatory therapy (IVIg or plasma exchange). treatment
of any potential iriggers (e.g.. treating infection, discontinuing
any potential medication triggers), and mechanical respira-
lory support until respiratory muscle weakness improves with
lreatment.

Diagnostic Testing in Myasthenia Gravis

Electrodiagnostics in the Diagnosis of Myasthenia
Gravis: Repetitive Merve Stimulation and Jitter

Just as the muscles fatigue with exertion in my:\sthcniu gra-
vis, repetitive electrical stimulation leads to a diminution in
muscle activity, When a motor nerve iz stimulated at 2-3 Hz

praticils wil yasthenia gravis, a decrement in compound

motor action potential (EMAR) is observed (See “Low Fre-
quency and ih Frequency Repetitive Merve Stimulation

in Myasthenia Gravis And Lambert-Eaton Myasthenic Syn-

drome v

A more sensitive test for disorders of the neuromuscu-
lar junction is to evaluate for jitter on single-fiber EMG. Jit-
ler is a measure of the variability of firing of a muscle fiber
when stimulated. Due to abnormalities of nenromuscular
transmission in neuromuscular junction disorders, this vari-
ability is increased (increased jitter). Increased jitter is the
single most sensitive test for myasthenia, bul is 4 nonspe-
cific finding that does not distinguish between diseases of the
neuromuscular junction (e.g.. myasthenia vs Lambert-Eaton
syndrone).

Antibody Testing in the Diagnosis of

iMyasthenia Gravis '

[he most commaon antibodies seen in myasthenia gravis are
against the acetycholine receptor (AChR). present in about
80% of patients with generalized myasthenia. Approximately
one third to one hall of the patients with: myasthenia gravis
who do not have AChR antibodies have antibodies against
muscle-specific tyrosine kinase (MuSK). Patients with MuSK
antibodies are most commonly women, and compared to
paticnts with AChR antibody-associated myasthenia gravis;
they tend to have less ocular involvement, more prominent
facial and bulbar weakness with dysarthria, and are more
likely to have respiratory compromise; they are less likely
to have thymomas, and are less likely to respond to acetyl-
cholinesterase inhibitars (and their symptoms may worsen
on them). Patients without AChR or MuSK antibodies are
considered to be seronegative, although some such patients
do have antibodies to other posisynaptic components of the
neuromuscular junction.

The Tensilon Test in the Diagnosis of

Myasthenia Gravis

The Tensilon test uses edrophonium (Tensilon is the Brand
name), an acetylcholinesterase inhibitor that inhibits the
breakdown of acetylcholine in the neuromuscular junction.
Edrophonium increases the availability ofacetylcholine in the
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symapse to activate muscle, Therefore, administering edro-
phonium can lead to rapid improvement in myasthenic symp-
toms. Edrophonium is not specific to nicotinic acetylcholing
transmission and can increase parasympathetic (muscarinic)
transmission as well. causing bradyeardia and/or broncho-
constriction. Therefore, the test is generally performed with
cardiae monitoring and atropine readily available in case of a
cardiac complication.

Screening for Thymoma in
Myasthenia Gravis

Patients with myasthenia are frequently found to have an asso-
ciated thymoma or thymic hyperplasia {(most common with
AChR antibodies; rare in patients with MuSK antibodies).
Therefore, all patients with myasthenia should undergo CT or
MRI of the chest for evaluation of the mediastinum. Thymec-
tomy s indicated if a thymoma is detected. but thymectomy
may also be beneficial in patients with myasthenia who do not
have thymoma (except in patients with MuSK antibodies).
In myasthenic patients with severe respiratory and/or bulbar
weakness who are going to undergo thymectomy. a course of
IVIg or plasma exchange is generally performed preopera-
tively to reduce the risk of perioperative complications.

Treatment of Myasthenia Gravis

Treatments for myasthenia can be divided into symptom-
atic (acetylcholinesterase inhibitor) and disease-modifying
therapies (immunomodulatory therapy and thymectomy).
Pyridostigmine is the most commonly used acetvlcholin-
esterase inhibitor. Pyndostigmine acts by inhibiting break-
down of acetylcholine to increase the amount available in the
newromuscular junction to activate the reduced postsynaptic
acetylcholine receptors on muscle cells. The medication can
take effect quickly, but the effects only last for several hours,
requiring dosing at regular intervals throughout the day. This
medication only treats symptoms and does not modify disease
activity or progression. Side effects are due to acetyleholine
excess, which can result in increased parasympathetic activity:
drooling, diarrhea, and abdominal cramps. As noted above,
patients with MuSK antibodies may not improve ar may even
worsen with acetvlcholinesterase inhibitors.

When pyridostigmine is taken in excess, cholinergic cri-
sis can ocour, causing muscle weakness and respiratory dis-
tress due to bronchoconstriction. This must be differentiated
from myasthenic crisis in patients with worsening weakness
and respiratory symptloms, although cholinergic ¢risis occurs
less commenly than myasthenic erisis. Pupillary constriction,
excessive drooling, and/or diarrhea may be clues to cholinee-
gic excess rather than myasthenia exacerbation as the cause of
an acute change in symptoms in a patient with myasthenia,

If a patient does not respond to pyridostigmine or
responds only transiently, immunomodulatory treatment
is generally required. Oral steroids are used commonly,
although azathioprine and mycophenolate are the mest
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commonly used steroid-sparing agents in patients who cannot
tolerate steroids or who will need prolonged immunomoduia-
tory treatment. Refraciory cases may require more aggressive
immunomodulatory therapy (eg. 1VIg, plasma exchange,
rituximab, cvclophosphamide). When steroids are used, they
are generally started at a low dose and uptitrated slowly since
myasthenia can transiently worsen with high-dose steroids.
Once a therapeutic dose of steroids is reached, it is generally
maintained for at least 1 month and then slowly tapered to
the lowest dose that adequately treats the patient’s symptoms,
which'ts maintained.

For acute worsening of symptoms or myasthenic crisis.
IVIg or plasma exchange is generally used with steroids, as
discussed above.

CONGENITAL MYASTHENIC
SYNDROMES AND NEONATAL
MYASTHENIA GRAVIS

Congenital Myasthenic Syndromes

e a e'_';:'l:'II,JJ_'=I ol I.E:I‘-irrl.EL'!'h
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nesterase: inhibitors,

MNeonatal Myasthenia Gravis

Meonatal myasthenia gravis occurs when a woman with
immune-mediated myasthenia gravis passes AChR. anti-
bodies to the fetus during pregnancy. This causes the infant
to be hypotonic with bulbar weakness at birth, leading to
impaired feeding and weak ery. Most infants recover within
1-2 months. Treatment during this period is supportive with
respect to nutritional and ventilatory support, and the acetyl-
cholinesterase inhibitor nesstigmine may be used,

LAMBERT-EATON MYASTHENIC
SYNDROME

Clinical Features of Lambert-Eaton
Myasthenic Syndrome

Lamberi-Eaton myasthenic syndrome (LEMS) is a dizorder that
affects the neuromuscular junction presynaptically. Antibod-
iex are produced against the presynaptic voliage-galed calcium
channels (VGCC) invalved in acetylcholine release.

LEMS may be a paraneoplastic syndrome {most commaonly
associated with small cell lung cancer) or may occur without
associated malignancy. Patients present with proximal weak-
ness more prominent in the lower extremities and autonomic
features such as dry eyes, dry mouth, orthostasis, constipation,
erectile dysfunction, and decreased sweating. Reflexes are typi-
cally diminished or absent.

Just as myasthenia gravis and LEMS affect opposite sides
of the neuromuscular junction, their clinical and electrophys-
iologic features also contrast (Table 29-1). Ocular muscles

Clinical Features of Myasthenia Gravis and Lambert-Eaton Myasthenic Syndrome.

Myasthenia Gravis

Lambert-Eaton Myasthenic Syndrome

Presunting sl of weakness
Reiponse (o exercise Fatignes

Cculer symptoms

ot commanfy ocular

Praminent, aften presenting featune

Predeminantly proximal lewer extremities
‘Weakness improves indtially then fatigues

Mild if present. and rately the presenting symptom

Dysarthria. dysphagla, rezpiratory weakness Conumon Rare

Autonomic festures Do nat cceur Common {decredsed salivation and sweating,
canstipation)

Repetitive stimulation Low frequency CMAP decrement CMAF decrement

High frequency CMAP decrement or no change CMAP incresment

CMAPS Hosmal Decreaied

Single-fiber jitter Increased Increased

Autcantibodics ACHR & MUSE most common Liciaa

Site of autoantibody interaction Postsynaptic Presynaplic

Assodiated malignancy Can be assaciated with thymoma small cell hung cancer most comman, althaugh can
oceur with others or with no malignancy

Symptomatic trestment Fyridostigimine lacetybcholinesterase 3.4 Draminapyridine (potassium channel blecker)

inhibitar)

Abbeviations: ACHRL acotylcholing reCrplod; CMAR: compound meotor sctien polential Buse: muschespeific fyrosine kinase WoOC volage gated calgism channely



are rarely invelved in LEMS, and when they are, involve-
mient is usually mild and not commonly present at onset as
in myasthenia gravis. In contrast to the fatigable weakness
seen in myasthenia gravis, patients with LEMS may actually
improve initially when exercising, but they then ultimately
fatigue. Exercise-induced facilitation in LEMS can be noted
in two ways on examination: After repeated actions (such
as repeated band grip), an action may become stronger, and
diminished reflexes may improve after sustained contraction
of the muscle involved in the reflex (e.g., quadriceps for knee
reflex), This phenomenoen of facilitation can also be noted
on EMG: CMAP is typically reduced at baseline in LEMS,
but h-frequency repetitive stimulation or exercise,

the CMAP actually increases (compared to the decrease with
repetitive stimulation in myasthenia gravis; see below).

ITe dingnosis of LEMS can generally be made by repetitive
nerve stimulation, and can be confirmed by the detection of serum

antibodies against voliage-gated calcium channels (VGOCK

Diagnosis of Lambert-Eaton Myasthenic
Syndrome

Low-Frequency and High-Frequency Repetitive
Merve Stimulation in Myasthenia Gravis and
Lambert-Eaton Myasthenic Syndrome

Repetitive nerve stimuwlation in myasthenia gravis—In
miyasthenia gravis, the problem is at the postsynaptic acetyl-
choline receptors. Low-frequency repetitive stimulation leads
to initial release ofacetyleholine, but subsequently leads to less
acetylcholine release since ample time has not been provided
to allow presynaptic acetylcholine to replenish, Therefore,
reduced acetyicholine release with low=frequency repetitive

5 ms
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stimulation leads to decrease in muscle activation, leading toa
decrement in CMAPs (Fig. 29-2A).

Repetitive nerve stimulation in Lambert-Eaton myas-
thenic syndrome—In LEMS, there is impaired presynap-
tic release of acetylcholine. With decreased acetyleholine
release, CMAPS are low at bazeline since less acetvicholine
iz released per stimulus than normally would be. Low-
frequency stimulation leads to a decremental response in
LEMS as it does in myasthenia, since only a little acetylcho-
line is released to begin with, and less is released with addi-
tional low-frequency stimulation. With high-frequency
stimulation, however, presynaptic release of acetylcholing
is increased because high-frequency stimulation leads to
increased calcium entry into the presynaplic néurons, over-
coming the electrophysiclogic “lesion” in LEMS. This leads
to incremental increase in CMAPS with high-frequency
stimulation (Fig. 29-2B).

Why doesn’t  high-frequency  stimulation  improve
CMAPs in myasthenia gravis? Because there is no problem
with release of acetylcholine but rather a problem with the
response W il: Even with increasing agetylcholine release with
high-frequency stimulation, there is an insufhicient amount of
available postsynaptic acetylcholine receptors to respond to
the increase in synaptic acetylcholine.

Why don’t high-frequency or low-frequency stimulation
affect neuromuscular transmission in peaple withionl netiro-
muscular junction disorders? Mormally, more acetylcholine
is released into the synapse in than is necessary to depolar-
ize the postsynaptic muscle (called the safety factor). So nor-
mal individuals already have ample acetylcholine to activate

oD 0
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FIGURE 29-2 EMG findings in repetitive stimulation in myasthenia gravis and Lambert-Eaton myasthenic syndrome. A: CMAP dic-
rement with low-frequency (3 Hzh repetitive stimulation in a patient with myasthenia gravis. B: Incremental CMAP increase with high-frequency
{20 Hz) repetitive stimulation in a patiant with Lambert-Eaton miyasthenic syndrome, Reproduced with permission from Amato A, Russell J:
Newromuscular Dizorders, dnd ed. New York: McGraw-Hill Education; 2015,
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postsvnaptic muscle fibers at baseline, and so there is no
change in CMAPs with increasing acetylcholine release in
repetitive stimulation.

Evaluation for Malignancy in Lambert-
Eaton Myasthenic Syndrome

In all patients with LEMS, a chest CT should be performed
to evaluate for lung cancer. and if none is found, a PET scan
should be considered. Although some cases do occur with no
associated malignancy, screening for an underlving malig-
nancy should be performed every 6 months for several years
since the syndrome may precede the radiologic appearance of
the underlving cancer.

Treatment of Lambert-Eaton Myasthenic
Syndrome

In malignancy-associated LEMS, the syndrome can improve
with treatment of the underlying cancer. Pyridostigmine
is less effective for symptomatic management than with
myasthenia gravis, but the potassium channel blocker
3 4-diaminopyridine may be effective. Immunomaodulatory
treatment is often used in cases not associated with malig-
nancy, and may also be used in malignancy-associated disease,

Botulism, an infectious condition that affects the neuro-
muscular junction, is discussed in Chapter 20 ("Infection at
the Neuromuscular Junction: Botulism™).
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=5 OF MUSCLE DISEASE

AL FEATURES OF MUSCLE DISEASE

TESTING IN MUSCLE DISEASE

INFLAMMATORY MYCOPATHIES
Dermatomyositis and Palymyesitis

Inclusion Body Myositis

Immune-Madiated Necrotizing Myopathy
MUSCULAR DYSTROPHIES

Duchenne and Becker Muscular Dystrophy

Emery-Dreifuss Muscular Dystrophy

Limb Girdle Muscular Dystrophy

Facioscapulohumeral Muscular Dystrophy

CAUSES OF MUSCLE DISEASE

Muscle disease can be caused by:

« Inflammatory diseases: polymyositis, dermatomyositis,
inclusion body myositis, immune-mediated necrotizing
myopathy

« Medications: most commuonly stating and corticosteroids,
but other immunosuppressive agents in addition to steroids
(e.g., cyclosporine, tacrolimus), zidovudine, and amioda-
rone can also cause myopathy

« Systemic diseases: HIV, endocrine disease, rheumatologic
discase, critical illness

. Genetie disorders, which can be Turther divided into
genetic defects in:

« Structural muscle proteins: muscular dystrophies,
congenital myopathies

« Metabolic pathways: glycogen storage diseases, disorders
of lipid metabolism

. Mitochondrin: mitochondrial myvopathies such as
myoclonic epilepsy with ragged red fbers (MERRE)

« lon channels; periodic paralyses

Oculopharyngeal Muscular Dystrophy

Myotonic Dystrophy
DISTAL MYOPATHIES (DISTAL MUSCULAR DYSTROPHIES)

COMNGENITAL MUSCULAR DYSTROPHIES AND
CONGENITAL MYOPATHIES

METABOLIC MYOPATHIES
Forearm Exercise Test in Metabolic Myopathies
MITOCHOMNDRIAL MY OPATHIES

HYPERKALEMIC AND HYPOKALEMIC PERIODIC
FARALYSIS

MUSCLE DISEASE DUE TO SYSTEMIC DISEASES AND
MEDICATIONS

Statin-Induced Myopathy

CLINICAL FEATURES OF
MUSCLE DISEASE

The hallmark of muscle disease is weakness. Discases of mus-
cle are distinguished from central nervous system or periph-
eral nervous system causes of weakness by lack of upper or
lower motor neuron signs (although severe weakness can
cause decreased reflexes), lack of sensory changes, and by
the pattern and distribution of weakness. The most com-
mon pattern of weakness in discases of muscle is symmet-
ric proximal weakness, although there are myopathics that
specifically affect particular distal muscle groups in isolation
{eg. distal myopathies) or in addition to proximal museles
(e, inclusion body myositis), and some muscle diseases can
begin (and/or remain) asymmetric (e.g. inclusion bedy myo-
sitis, fascioscapulohumeral muscular dystrophy). Weakness
in some muscle discases develops insidiously (e.g., dermato-
myositis, polynyyositis, muscular dystrophies), but in others it
can be rapidly progressive (e, immune-mediated necrotiz-
ing myopathy) Insome muscle diseases weakness ocours only
with particular precipitants (e.g., exercise in metabolic myap-
athics, potassiom level in periodic paralyses), When weakness
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is exercise-induced, diseases of the nevromuscular junction
must also be considered (see Ch. 29).

LABORATORY TESTING IN
MUSCLE DISEASE

An elevated serum ereatine kinazse (CK) is seen in many muscle
dizeases, but may not necessarily be elevated in all muscle dis-
eases. CK elevation can also be caused by muscle injury, exercize,
and generalized tonic-clonic seizures. Aspariate aminotransier-
ase (AST) and alanine aminotransferase (ALT) (Cliver enzymes™)
do not just rise in liver disease, but may also be elevated due to
muscle breakdown: Aldolase elevation can also be caused by
either liver or muscle disease. An increase in gamma-glutamyl
transterase (GGT) with elevated AST/ALT can help to distin-
guish liver injury as the cause of the rise in AST/ALT because
GGT is present only in liver and not in muscle. Myoglobinuria
suggests muscle breakdown, which can occur due to primary
muscle disease or in the setting of muscle injury (eg., extreme
exercise, toxins, traumal,

In perve conduction studics in muscle discascs, com-
pound motor action potential (CMAP) amplitudes ‘may be

reduced due to loss of muscle fibers, but sensory nerve action
potentials (SMAP:) and conduction velocities should be nor-
mal (unless there is concurrent neuropathy). Electromyogra-
phy (EMG) in muscle diseases can reveal increased insertional
activity, fibrillation potentials, decreased motor unit action
potential (MUAP) amplitode and duration with polyphasia,
and/or early recruitment and rapid firing rate of MUAPS (see
“Electromyography™ in Ch. 15). Myotonia on EMG may be
seen in the myotonic dystrophies. myotonia congenita, and
paramyotonia congenita.

Muscle MRI can demonstrate inflammatory changes
in muscle in inflaimmatory myopathies. Muscle biopsy can
reveal characteristic specific histologic patterns of the various
myopathies, and also allows for immunostaining for particu
lar enzymes in order to diagnose metabolic myopathies.

INFLAMMATORY MYOPATHIES

The inflammatory myopathies include dermatomyositis,
polymyositis, inclusion body myositis, and immune-mediated
necrotizing myopathy. Details of these diseases are compared
in Table 30-1, and some general points are noted below.

TAELE 30-1 Clinical Features of the Inflammatory Myopathies.

Immune-Mediated

Polymyoiitis  Dermatomyositis Inclusion Body Myositis Necratizing Myopathy
Weskness Prosgmial, sprmmetric Cruadriceps Proximal, symmetric
Finger flexars
Ankle dorsillexors
Face can b irmvolved
Can begin asymmatrically
Ascociated features Bash Dysphagia Statin use
iter sEitial lisrig disesise Malignancy
Cardiac invohameng Systemic autalmmune
Y et P W | . disrase
FRERCITRED WL Masgrangy
Creetinp with Systemic avtoimmune dipale
Gender predominance Wamen Maen Nong
Age of onset Usually <50 Usually =50 Usually = 50
Site of inflammatory Encormysial Permysialperivascular Endomysial Minimal (muscle necrosis
Imalvement on biopsy is the prominent feature)
Associated ANA Anti-tRNA synthetase (e.g. Anti-lol) Anti-cytoplasmic Antl-HMG CoA reductase
autoantibodies =y Shnucleotidase 1A when statin-induced
Anti-Miz
When associated vwith malignancy: kit
anti-NEPZ, anti-TIF1 -gamima
Treatment. Immunomodulatery treatment: Hone available Immunomodilatorny
Ereatmnt

+ Steroeds hrst ling)

« WG, methotrexate, azathioprine, or
mygcphenolate mafetil

(il not sterold responsive of stendids not olerated)

Abbredations: HMG-Cok: 3 hydiciy- 3methyighataryd coenzyme A SRP: isgnal recognnion panicle: (IRNA: eranafir RNAC ANA: antsnisdlear antdbicady; TIF: transeriptional invermediary

fagnee.



Dermatomyositis and Polymyositis

Dermatomyositis and polymyositis have many similar fea-
tures. Both cause proximal symmetric weakness of subacute
to chronic onset, are more common in women, tend to pres-
ent prior to age 50, may be associated with interstitial lung
disease andfor cardiomyopathy, may be associated with
underlying malignancy {more common with dermatomyo-
sitis), may have overlapping features with systemic autoim-
mune diseases, often have elevations in serum CK (although
not always), and generally respond to immunomodulatory
therapy, Dermatomyositis and polymyositis are distinguished
wlher predominantly by the presence of skin find-
ings in dermatomyositis and différing pathologic indings on

TR Qe

musche bit 1e dermatologic features of dermatomyositis
my precede, co-occur with, or follow the muscle symptoms,
1d can include findings on the knuckles (Gottron's pap-

ules), neck (called the ¥ sign due to its V shape), back (shawl
sign ). and evelids (heliolrope rash)

Inclusion Body Myositis

Inclusion body myositis differs from dermatomyositis
and polymyositis in several ways: It is more common in
men, onset 15 generally after age 50, it causes distal wea k=
ness (finger fexion and fool dorsiflexion) in addition to
proximal weakness (particularly in the quadriceps), it may
present asymmetrically, and there is no response to immu-
nomodulatery therapy, Dysphagia is common and facial
'l\'\'.'-'lkrll."‘h'ﬁ Can IH SO GCCLE,

Immune-Mediated Necrotizing Myopathy

Immune-mediated necrotizing myopathy can occur in the
context of statin use, malignancy (most commonly gastroin-
testinal malignancy), or associated autoimmune disease (most
commaonly mixed connective tissue disease or scleroderma).
The course is generally more rapid in onset than the other
inflaimmatory myopathies, and the CK is often extremely ele-
vated. When associated with statin use, antibodies to HMG-
CoA reductase may be present; in non=statin-associated
cases, anti-signal recognition particle (SEP) antibodies may
be present.

MUSCULAR DYSTROPHIES

The muscular dystrophies are diseases caused by genetic
defects in muscle proteins. They differ in the pattern of muscles
affected, age of onset, associated nonmuscular features (e,
cardiac disease), and pattern of inheritance. Diagnosis is made
by targeted penetic testing based on clinical phenotype and
family history. Treatment of the muscular dystrophies is largely
supportive. Duchenne muscalar dystrophy is the only muscular
dystrophy lor which a disease-modifying treatment is available
[steroids). Details of the muscular dystrophies are compared in
Table 30-2, and some general points are noted below,

CHAPTER 20 Dseases of Muscle ani

Duchenne and Becker Muscular Dystrophy

Duchenne muscular dystrophy (DMD) and Becker muscular
dystrophy (BMID) are X-linked disorders arising from a muta-
tion in the protein dysirophin. In DMD, there is absence or
near absence of the protein, whereas in BM D, there is marked
reduction in the amount of the protein leading to a milder
form of the disease.

DM presents in early childhood with difficulty walking
and falls due to proximal leg weakness, Classic signs include a
waddling gait, calf psendohypertrophy (prominent calves due
to replacement of muscle with fat), and Gower's sign (inability
to rise from being seated on the ground without use of the
arms). Weakness 15 progressive, with most patients requir-
ing a wheelchair by age 12, and few surviving bevond their
20s. Cardiac and pulmonary dysfunction inevitably develop,
s0 regular screening for these manifestations is necessary,
Cognitive dysfunction is present in many patients. Treatment
with steroids increases the time that patients remain ambula-
tory and slows the progression of the disease, but otherwise
care is supportive.

BMD is milder in degree and pace, with patients present-
ing in later childhood or even in adulthood in the mildest
cases. Patients remain ambulatory beyond age 16 Respiratory
dysfunction, if present, is less severe than in DMD, although
cardiac dysfunction may be similar in severity to DMD.
Steroids are not typically used inBMD.

Diagnosis of bath DNMD and BMD is made by genetic
testing. CK is usually elevated.

Emery-Dreifuss Muscular Dystrophy

Emery-Dreifuss muscular dystrophy (ERDMD) causes weak-
ness of the biceps, triceps, and ankle dorsiflexors, contractures
at the elbows and ankles, and severe cardiac discase. Onzet
is usually in the teens or 20z Treatment centers mostly on
management of cardiac complications (cardiomyopathy and
arrhythmias), and is otherwise supportive,

Limb Girdle Muscular Dystrophy

There are over 20 sublypes of limb girdle muscular dystro-
phy (LGMI}, sharing the core feature of proximal weak-
ness of the arms, legs, or both. Type | LGAMEs are autosomal
dominantly inherited, while type 2 LGMDs are autosomil
recessively inherited. The LGMIDs vary with respect to age of
onsel, whether or not distal musculature is affected in addi-
tion to limb girdle musculature, and whether there is cardiac
involvement,

Facioscapulohumeral Muscular
Dystrophy

As the name suggests, facioscapulohumeral muscular dys-
trophy (FSHIDY) affects the muscles of the face, scapula, and
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humerus, In spite of not being included in the name, ankle
dorsillexion weakness and abdominal muscle weakness may
be seen in some cases. Weakness of shoulder muscles leads to
scapular winging, and weakness of biceps, triceps, and pec-
torals with sparing of the deltoid and forearm musculature
leads o a characteristic appearance of the shoulder and arm
["Popeye arm™). In contrast to many other genetic diseases of
muscle, F5SHD can present asymmetrically.

Oculopharyngeal Muscular Dystrophy
sigeests; oculopharyngeal muscular dystrophy
5 plosis and dysphagia. Extraocular muscle
talso be present. Although not included in the
| proximal extremity weakness can also occur in
lisease is more common in French Canadians.
her dystrophies discussed here, OPMD tends o
ch later in life.

present i

Myotonic Dystrophy

Myotonic dysirophy is characterized by myotonia (impaired
relaxation afler muscle activation) and a large number of
systemic comorbidities including cataracts. gastrointestinal
dysfunction, endocrine dysfunction (most commonly hypo-
gonadism), and cardiac dysfunction. Myotoniacan be elicited
by engaging the patient in a handshake and noting impaired
release of the patient’s grip, or by percussing the base of the
patient’s thumb and noting thumb abduction followed by
delaved relaxation (percussion myotonial.

Type | myotonic dystrophy (DMI) is the more severe
form of the disease. DML can present in adulthood, in child-
hood, or congenitally due to genetic anticipation of a CT'G
repeat. DMI has a characteristic facial appearance due o
frontal balding, temporal and jaw muscle wasting leading 1o a
‘hatcher™-shaped face, and perioral and jaw muscle weakness
causing a “fish mouth” appearance of the mouth.

Type 2 myotenic dystrophy (DM2) does not typically
share the facial features of DRI, often has more prominent
proximal weakness, and generally has milder systemic mani-
festations when present.
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iyotonic dystrophy is one of the few classes of muscular
dystrophy with abnormal findings on brain MRI: T2/FLAIR
hyperintensity in the anterior temporal subcortical white mat-
ter (a region also affected in CADASIL [cercbral autosomal
dominant arteriopathy with subcortical infarcts and leukoen-
cephalopathy], although white matter changes are for more
extensive in. CADASIL: see Ch. 19).

Myotonia can also be seen in myotonia congenita
{cansed by a chloride channel mutation) and paramyotonia
congenita {caused by a sodium channel mutation). In these
diseases, patients experience stiffness rather than weakness
and have myotonia onexamination and EMG.

I summary for the muscular dystrophies:

« The muscular dystrophies are a diverse group of genetic
disorders characterized by progressive weakness.

Most muscular dystrophies are autosomal dominantly
inherited, except DMD and BMD (which are X-linked),
Emery-Dreifuss  muscular dystrophy (which can be
X-linked, autosomal dominant, or autosomal recessive),
and Type 2 LGMD (which is autosomal recessive; Type 1
LGMID is antosomal dominant).

Most muscular dystrophies begin in carly adulthood. except
OPMD (which begins in later adulthood), and DMD, BMD,
and congenital DM (which begin in childhood).

Many muscular dystrophies alse have cardiae manifesta-
tions that must be screened for and managed {often in col-
laboration with a cardiologist).

DMLY is the only muscular dystrophy for which there is a
disease-modifying treatment (steroids).

DISTAL MYOPATHIES (DISTAL
MUSCULAR DYSTROPHIES)

The distal myopathies (also called distal muscular dyvstro-
phies) are distinet from most adult-onset muscle disorders
in that they predominantly affect distal rather than proximal
muscles, Details of the distal myopathies are compared in
Table 30=3, and some general points are noted below,

TAEBLE 30-3 Clinical Features of the Distal Myopathies (Distal Muscular Dystrophies).

Udd Markesbury-Griggs MNonaka Miyoshi Laing 'n'ﬁ'l.ullr
Masit commonly affected Darsiflexion Drorsiflexion Darsiflexion Gastrocnemius Mack Hands
muscles Dorsiflexion Dorsiflexion
Cardiac involvernent Oecurs Occurs Mex Mo Oecurs Mo
Age of onset =30 >30 >30 »30 <30 =30
Inheritance ALK AD AR AR AD AD
Geography (er geography Finland Europe Japan Japan and Europe. Seandinavia
of origin} Europe
Gaene/protein Tirin ZASP GNE Diysferlin MYH7? TIAL

Atbreviations AD: sutovamal dhaminant; AR autosomal reissive.
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Most of the distal myopathics primarily cause weakness
in ankle dorsiflexion, which is usually the presenting feature.
Exceptions are Mivoshi myopathy., which predominantly
affects plantar flexion; Welander myopathy, which typically
begins in the hands {(before affecting dorsiflexion); and Laing
myopathy, which also involves the neck (in addition to ankle
dorsiflexion). Most distal myopathies present in adulthood
and can arise quite late in adulthood, although Laing myopa-
thy typically presents earlier. Most have a particular geo-
graphic distribution (or region of origin) that can be inferred
from the name of the disease. Given the distal onsel, periph-
eral neurapathy is the main differential diagnosis, particularly
hereditary neuropathies (e.g., Charcot-Marie-Tooth disease:
see Ch. 27) given the inherited nature of these diseases.

CONGENITAL MUSCULAR
DYSTROPHIES AND CONGENITAL
MYOPATHIES

Brain (¢.g., cortical anomalies) andfor ecular abnormali-
ties (e.g., cataracis, retinal detachment) cccur in addition to
muscle involvement in several of the congenital muscular
dystrophies (muscle-cye-brain disease, Fukuyama congenital
muscular dystrophy, Walker-Warburg syndrome), although
these do not occur in the congenital myopathies. Contrac-
tures at birth (arthregryposis) are common in the congenital
muscular dystrophies but not in the congenital myopathies.
The congenital muscular dystrophies are classified by the pro-
tein affected (g, fukutin, merosin, collagen, dysiroglycan),
whereas the congenital myopathies are classified by their his-
tologic appearance on muscle biopsy (e.g.. central core, cen-
tronuclear, nemaline rod). Of note, central core myopathies
are caused by mutations of the ryancdine receplor, placing
patients at risk for malignant hyperthermia if exposed (o gen-
eral anesthesia,

METABOLIC MYOPATHIES

Muscle disease is one of many potential etiologies of infantile
hypotonia {*floppy baby ™), which can localize anywhere along
the neuraxis. Congenital muscular dystrophies and myopa-
thies are rare conditions that preésent with hypotonia at birth
or in early infancy and delaved motor development. Details of
these diseases areé compared in Table 30-4, and some general

points are noted below,

TAELE 30-4 Clinical Features of the Congenital
Muscular Dystrophies and Myopathies.

Congenital Muscular Congenital
Dystrophies Myopathies
frthrogryposls Common Uncomman
[contractures
wt birth]
Fatial Lincamman Comiman
weakness
Erain Goeurs in seyveral Does not oeour
involvemaent Syrichnomed
Course Usyially progressieae CHiven stathc, bast
may b slowiy
Progressive
Clazsified by Gene/protein affecied Histologic
SPpEArarE N
muscle biopsy
Examples Musele-eye-brain Capntral cove
e Centronuchza
Ulirich muscular ;
dystrophy/Bethlem Nemaline cod
myapathy
Fubuyama congenital
musscular dystrophy
Walker-Warburg
syndnome

Myopathies due to genetic defects in metabolic patiways
should be considered when patients present with muscle
cramps, pain, andfor myoglobinuria provoked by exercise,
cold, fasting, and/or metabolic stress (e.g., infection, gen-
eral anesthesia). Notably, however, some of the metabolic
myopathies can present with progressive proximal weak-
ness rather than exercise-induced symptoms, mimicking
inflammatory myopathies or adult-onset limb girdle mus-
cular dystrophies. This is particularly important for the
case of acid maltase deficiency (also known as adult-onsel
Pompe discase), which can present this way, and is the
only metabolic myopathy treatable with enzyme replace-
ment (alpha-glucosidase). The metabolic myopathies that
are symplomatic with exertion are referred 1o as dynamic,
whereas those with nonexertional progressive symptoms
are referred to as static. Details of the metabolic myopa-
thies are compared in Table 30-5, and some general points
are noted below,

The metabolic myopathies due o glycogenic pathway
dysfunction that cause exercise-induced symptoms do so
carly in the course of exercise, whereas those due to disorders
in lipid metabolism pathways tend to cause symploms after
sustained exercise. This is because glucose is consumed first in
muscle metabolisn, followed by lipids. Patients with glycogen
storage discases may also report that they get a “second wind”
if they rest and then resume exercise, whereas this does not
oceur with disorders ol Tat metabolism.

Most myopathies caused by defects in metabolic path-
ways can present elther as a severe infantile disorder (with
hypotonia, hepatosplenomegaly, andfor cardiopulmonary
dysfunction) or in adulthood (with dynamic or static muscle
symproms as described above),

All of the metabolic myopathies are autosomal recessive,
all T CK {L‘H’Wli:m, and many can be diagnosed by mus-
cle biopsy 'I:YI.I]'l il:l'll11|-l"l0|'li.‘i-lm]u:miu;al stains for mietabolic
enzymes. Diagnosis can also be made by genctic testing.
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36 PART 1 Discases of the Nervous System

Forearm Exercise Testin
Metabolic Myopathies

The forearm exercise test is a bedside 1est that may distin-
guish between different defects in the muscle metabolic path-
wavs, To perform the forearm exercise test, a baseline blood
draw for lactate. pyruvale. and ammonia is obtained, and
then a second blood draw is obtained from the same arm afer
repetitive muscle contraction (opening-closing of the hand)
o examine changés in the quantities of these three metabo-
lites. This test is done by some practitioners with a blood pres-
sure cuff inflated around the arm to induce ischemia of the
army, but some believe that this is'dangerous and nol neces-
sarv. Normally, lactate. pyruvate, and ammonia all rise after
exercize. Depending on the enzyme defect, different patterns
in these three metabolites may be observed afier exercize. In
many (but not all) gveogen metabolisn disorders, lactate and
pyruvate do not risc as much as expected (since the pathway
producing them is deficient). In the one metabolic myopa-
thy caused by impaired purine metabolism (myoadenylate
deaminase deficianay), lactate and pyrovate rise normally, but
ammonia (a product of purine metabolism) does not. The test
is generally normal in disorders of lipid metabolism.

MITOCHONDRIAL MYOPATHIES

e The mebaiodid s

pathies, chondrial myopathics

rance. Mitochondrial disease can
pathy. More commonly, myvopa-
" o multisvsiem mitochondrial
¢ asymplomatic, mild, or a

:III-.I|IZII:I-\.!.".|| \:-iHﬁ[l;!i'r 11 '|'\|'||‘](,'J'|

nvoclonic ep
e mutation in MERRF,

ince ol the |||:-'.J'!_'l!-;_' iin

nt feature § psy with

see Ch. 31 for maore on

ination ot muscleand brain disease (e.g., myop
tied by encephalopathy and/or sefzures) should
{1 Elevated
serum factate is 4 common: inding in mitochondrial discase

m of mitochondrial disease

it is nonspeciiic. Muscle biopsy in mitechondrial myopa-
thies demonstraies ragged red fibers (on modified Gontord
trichrome stainj, absence of staining for cytochrome. oxi-
dase (COX), and intense staining lor succinic dehvdrogenase
(512H ) and nicotinamide adenine dinulceotide dehvdrogenase
(NADH). Definitive diagnosiz can be made by genetic testing,

HYPERKALEMIC AND HYPOKALEMIC
PERIODIC PARALY5SIS

The periodic paralyses are rare autosomal dominantly inher-
ited conditions in which patients episodically develop flac-
cid paralvsis in response to a variety of triggers: rest afier
exercise, cold, or dietary factors. Patients generally have
normal strength between episodes. The dietary triggers of

TABLE 30-6 Clinical features of Hyperkalemic and
Hypokalemic Periodic Paralysis.

Hyparkalemic Hypokalemit
Periodic Paralysis Periodic Paralysis
Praveking factors
Food Fasting Large
carbohydrate-
rich meal
High- potassium Aleahol
intake
Exercise Rast after exercise
Other Cioled
Attack length Hours Heurs — | day
Channel Scdium channel Calcium channel
(SCR4A) [CACMATLS]
Inheritance Autosomal demanant
Treatment
Acute Inhaled beta Potassium (oral
agonlst, IV cakcium or iV}
Chronic
Diet High carbohydrate/ Low carbolydrate/
Low potagfium Leww sodium
Diuretic K’ -wasting K -sparing
{e.q., thiazide) (g, spironolactone)
Acetazolamide Acetazolamide

hyperkalemic and hypokalemic periodic paralyses can be
remembered by the effects of insulin en potassium: Insulin
drives polassium frto cells (the same effect insulin has on glu-
cose). Therefore, a high carbohydrate meal will lead to insulin
secrelion and moverment of potassium into cells, resulting in
decreased serum potassium (which can provoke an episode
of weakness in hypokalemic periodic paralysis). Fasting will
decrease insulin secretion, resulting in increased serum potas-
sium {which can provoke an episode of weakness in hyper-
kalemic periodic paralysis). Details of hyperkalemic and
hypokalemic periodic paralysis are compared in Table 30-6,
and some general points are noted below,

EMG in periodic paralysis may demonstrate reduced
CMAP amplitude after exercise.

If a patient is in the midst of an acute attack and potas-
sium is particularly low or high, cardiac monitoring is
recommended.

Hypokalemic periodic paralysis can also be caused by
hyperthyroidism, and so additional clinical and laboratory
features of hyperthyroidism should be sought in patients with
hypokalemic periodic paralysis, especially when there is no
Family history of the condition.

A rare cause of periodic paralysis is Andersen-Tawil syn-
drome. in which paralysis can be triggered by hypokalemia,
hyperkalemia, or oecur in the setting of normal potassium,
Other features of the condition include cardiac arrhythmias



(ventricular arrhythmias and prolonged OT interval), short
stature, and dysmorphic facial features. The disease is caused
by 2 mutation in a potassium channel (KCNI2).

MUSCLE DISEASE DUETO SYSTEMIC
DISEASES AND MEDICATIONS

A number of systemic diseases can cause myopathy including:

o Infections; HIV, trichinosis, bacterial pyomyositis (see *Infectious
Myositis™ in Ch. 20}
Endocrine disease: hyperthyroidism or hypothyroidism,
rdism, Cushing's syndrome
itical illness myopathy (see “Critical Hlness
v and Critical Hlness Myopathy™ in Ch. 27)
: case: lupus, Sjogren’s syndrome, sclero-
cverlap syndromes with dermatomyositis and

||:.£-'|._-|!- ratthvrr
o Critical illness

:-II"'i'l'!|-_'| Tl

Bhewmatol sl

derma; and
'|'|1l|'| [P ER R LTS ES
Medication -induced myopathy can be seen with a large
nunber of medications, bul common culprits include:
« Cholesterol-lowering medications (statins and fibrates)

Immunosuppressants (steroids, chloroquine, cyclosporine,
facrolinmus)

« Amiodarone
» Zidovudine

Valproate can cause or unmask an underlying myopathy
due to interference with the carnitine pathway,

CHAPTER 30 [Mseases of Muscle 07

Statin-Induced Myopathy

Statins can cause mild muscle symptoms {pain and cramps). a
myopathy (weakness), or severe muscle damage (rhabdomy-
olysis or necrosis). Risk factors for statin-induced myopathy
include:

« Slatin dose: higher dose associated with higher risk of
myopathy

Patient age: older age associated with higher risk of
myopathy

Genetic factors: SLCOIET gene associated with higher risk
of myopathy

« Other concurrent medications: concurrent fihrates and
statins assaciated with higher risk of myopathy

+ Which statin is being used: atorvastatin and simvastatin
appear to have a higher risk of myopathy than other statins

Statin-induced myvopathy should be considered when a
patient develops muscle-related symptoms after initiating the
miedication and serum creatine kinaze (CK) is found to be ele-
vated. Treatment is generally to stop the statin and trend the
serum CK until it returns to normal (treating rhabdomyolysis
il present). If the patient requires statin therapy, a different
statin can be tried. Rarely, patients will continue to get worse
after statin discontinuation due to a statin-induced immune-
mediated necrotizing myopathy associated with anti-HMG
CoA reductase antibodies (see “Immune-Mediated Necrotizing
Myopathies” above). This entity is diagnosed by biopsy and
treated with immunomodulatory therapy.



Leukodystrophies
and Mitochondrial
Disorders
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LEUKODYSTROPHIES

LEUKODYSTROPHIES (TABLE31-1)

[he leukodystrophies are diseases that affect the white matter
of the CH5. These diseases can begin in infancy, childhood,
or adulthood. Infantile:-onset leukodystrophies are generally
characterized by initial hypotonia followed by spasticity and
mental retardation. Seizures may also occur. In childhood-
onsel leukodystrophies, there is typically developmental and
motor regression. Adult-onset leukodystrophies are charac-
terieed by dementia, psychiatric symptoms, and development
of spasticity.

Many individual leukodystrophies have particular clinical
hallmarks (e.g.. neuropathy in Krabbe disease and metachro-
miatic leukodystrophy) and particular distributions of white
matter changes on MR (invelving or sparing the juxtacortical
U fibers; frontal v posterior predominant). Adrenolenkodys-
trophy, Krabbe disease, and metachromatic leukodystrophy
can be treated with bone marrow transplantation. but the
other leukodystrophies are treated supportively. Distinctive
clinical and imaging features (bevond core features listed
above) and genetics of the leukodystrophies are listed in
Table 31-1.

Adrenomyeloncuropathy is a sublype of adrencleuko-
dystrophy that presents in adulthood with myelopathy, neu-
ropathy, and adrenal insufficiency (the brain can be involved,
but often is not, unlike the other leukodystrophies). Therefore,
adrenomyeloncuropathy should be considered in the differ-
ential diagnosis for combined myelopathy and neuropathy
(myeloneuropathy), az can also be seen with vitamin B12

MITOCHONDRIAL DISEASES

deficiency and copper deficiency. As with adrenoleukodys-
trophy, inheritance of adrenomyeloneuropathy is X-linked,
and diagnosis is made by elevated serum very long chain fatty
acids (VLCEAs) and genetic testing. Treatment for the condi-
tion is limited to the treatment of the adrenal insufficiency.

MITOCHONDRIAL DISEASES
(TABLE 31-2)

Mitochondrial diseases arise from mutations in mitochon-
drial genes (either in mitochondrial DMNA or in nuclear DNA
encoding mitechondrial proteins). All mitochondria are
inherited maternally so mitochondrial disorders nost often
follow a pattern of maternal inheritance (i, only passed
from a mother to her children), although nuclear mutations in
mitochendrial genes can be autosomally inherited, and some
cases of mitochondrial disease are due to sporadic de novo
mutations.

Mitochondrial disorders are generally characterized by
multiorgan system dysfunction (deafness, diabetes, short stat-
ure, cardiac disease. and myopathy are common features),
exercise intolerance, exacerbation with svstemie fllness, and
elevated serum lactate, The most common characteristic fea-
tures of five mitochondrial syndromes that affect the nervous
system (beyond the general features just listed) are presented
in Table 31-2. MELAS (mitochondrial encephalopathy with
lactic acidosiz and stroke) is also discussed in Ch., 19 and mito-
chondrial myopathy in Ch. 30,
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TABLE 21-2 Clinical and Laboratory Features of Mitochondrial Diseases Affecting the Nervous System.

CHAPTER 31 Leukodystrophies and Mitochondrial Disorders 311

Brain Eyes Other Neuroimaging Gene
MELAS Strokelike epibodes Stroke-like lesions that AZHIG
do not correspond to
Seizures VASU AT LeTFilanies
Migraine
MERRF Myachonb epilepyy Myopathy (ragged ARI4EG
red fibers on muscle
bigpsy)
Leigh syndrome Selzures Ophthalmoplegia Ségnal changes in Multiple
brainstem
Cognitive dysfunction
{developmental dolay or
ragression)
Kearns-Sayre Maxia Progressive Cardiac disease Signal changea in Multiple
syndrome aphthalmoplegia basal ganeglia and
beainster an MAL
Pﬂamcnury
retinopathy
Labor heroditary Bilateral optic GII78A
neuropathy

optic neurspathy

Elirpviations: ME

V& miscchondrial encephalapatiy with lactic acidosis and stroke; MERRF: myadonic epilepsy with rgged red fibers; MBE magnelic resanance imaging.



(D
b

r

Note: Page numbers followed by fand ¢indicate figures and tables, respectivedy.

rehral arlery

cophiadgec nugraine 277

Ftijuitred imimune demyelinating
|'\.l|.!.'r41:'.||.".l'|||":|'|.|:<:-|u|||.!| {ALDE), 130,
136-137, 145, 181-283, 185

clken bremor, 241

asilar artery thrombosis, 187

sty disseminated encephalomyelitis (ADEM],
st dob 229

acite dysionic reactiony, 246

scute llaccid paralysis, 219

onsel continuous vertigo, 110-1 12 10

acule polyneurapathy, 283-184

acule 1o subacute neuralogie symploms, 2, 2f

i vestibular syndrome, 110

acute viral myelitis, 218

cilie by

acyclover, 212

LN, See Aleheimer’s discase

ALEM. Sev acute disseminates]
encephalomyelitiz

.l-.In'm:-||1'.c¢|nr|;-||ru|~.1|;|1:.'. Elic)

AEDs. Sev amtiepileptic drugs

alferent pathways, 25

aflerent pupillary defect, 224

ageropic nysiagmug, 14

agraphesilcsia, 39

agraphia, 53

ALDP. See acquired immune demyelinating
polvradicuboreuropathy

AL See anterior IMErossenns nerve

ATOM, See anterior schemic oplic meurapathiy

abexia, 30, 54

Jl[ﬂu-h|m:kfra. 27

,1E|ahj-nwlln:,-l-tniu, ]

ALS. Sev anyotrophic lateral sclerosis

altered cognitken, 231

Alzhcimer's digease (AI), 3, 252

dementin and, 234, 2346, 335{

amantadine, 227, 244, 248

aninesia, 5

ampicilling 209

amiunsda, 105

.|||'|:,-I|u|.| al"c.'".i. 154

anrybeid anghopaiiy 14, 194-1931 1896

amyloidosis 281, 282, 2861, 287

amyolirophic lateral sclerosis [(ALS), 3, 259-291,

200
ANA. See antinucbear antibody
aneurysmal subarachnoéd hemorrhage,
190 198, 1571
anhidrosis, 85
anisocora, 83, 87, 59, 90, 90f
anosmi, 125
anterior cerchral arery (ACA), 57, 58, 61/
azynous, 38, 60
Infarction of, 60, ﬁ-l_,lr
antertor chorosdal arlery miarction, 50
anterior cord syndrone, 43f 44
anterior interosseous nerve (AT, 19
antertor ischemic oplic neuropathy (AION), 49
anierocollis, 26
amerograde amnesia, 232
anteralateral tracts, 36, 348, .‘3}"
anti-glutamic acid decarboxylase {GADY, 253
antibiotice, 244
anticholinergics, 237, 248
anticoagulanis
in secondary stroke prevention. 188189
in treatment of schemic siroke, 186187
antscoagulation, resuming after intracerchral
hemaorrhage, 194- 195
antidepressants, 277
antidromie stimulation, 136
antiermetics, 247
amiepileptic deugs (AEDs). 173, 1740 175,
177178, 244, 277
antihypertensives, 250, 277
antinuclear antibady (ANA), [16, 239
antiparasitic treatment, 216
antiplatelets
I secondary stroke prevention, 158
in treatment of schemic stooke, 186-157
antipaychotics, 245, 247, 250
antiretrovical treatment, neuralogic coneplica-
tiops, 221-202
anthiuberculosis r'hrnp:l'. 215
Antoa's syndrome, 51
aphasias, 5. 54-55, 55¢
aplxaban, 188
apracloniding eve drops, R6-K7, faf
apraxka, 53-54
arachnoid, 26
arbaviral encephalivis, 213, 213
arcade of Fraiae, 150

arcuate [sciculus, 55
arcilexia, 7, 35
Argyll- Robertson pupils, 90
arteriovenous fistula (AVE)L 203
areriovenous malformations { AV ML, 195
arlery of Adamikiewicz, Hi3
artery of Percheron, 58, 61, 65/
antery-to-arery envbalism, 181, 1387
asepiie meningitis, 209
aspiralion, IS0
aspirin; 186, 168
afaxa, 67
differential diagnosis of corchellar, 72-73, 7
distinguishing cerebetlar from sensory, 70,
bS]
Friedocich’s, 73
inherited causes of, 73
optls, 50
sensory, & 70
spinocerchellar, 75, 244
ataxia-hemiparesss, 63
ataxic sli!,&
atherosclerosis and thrombosembolis disease,
151
athetosas, 244
atonkc seizure, 163
atrial fibrillation, 182
atrophy, 6, 35
aifentiom, 53
auditory system, 103, 106/
augmentation. 253
autenomic neuropathy, 183-3383
AVE. Sec aneriovenous fsfula
AWM. See artetiovenoid nyalformations
axillary neuropathy, 150
axoril neuropathics, 282
arathioprine, 128, 295
azvgous ACA lanterior cenchral artery), 55 60

B

Babinski's sign. 7, 35, 354, 146
baclofen, 227, 291

bacterial brain abscess, 214, 204/
bacterial meningitls, 209-210, 210¢
Balint symidlconie, 50-51, 66
ballism, 24:4

Balo's concentric sebervais, 223
basal ganghia, 56

basal veins of Rosenthal, 29
basilar artery. 57
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Becker muscular dysropy (BRI, 301
Bell's palsy, 122, 123 124
Bell's phenomenon, 101
Benedikt's svndiome, 94
be:n.lp1 mmqmnl poll'linn.ﬂ vertigo (RPPY )
VER=114, 113114y
benzodiazepines, 219, 245244
benstropine, 250
beta-hlockers. 242
binocular diplopia 104
bitemporal hemtanopla, 49-30, 301
blepharospasm, 246
BMD. See Becker muscolar dystropy
botalinum 1oxin, 227, 243
botalivm. 217, 219-220
BPPV. S benign paroxysmsal positional vertigo
brachial plexopathy, 147
brachial pl‘c'xub. apatomy, 141=144, 1421 i.lf
diseases of, 134, 1350
bradykincsia, 6. 247
brain, 25-26. 27f
brain herniation. 270, 2707
‘brain lesione. focal mfedtinns
hacterial 214, 2147
CNE vasculiths, 217
crandal neusopathies 217
fungal 213
parasitic, 217
s, M6 2T
ieoplaamoske, 215-216, 216f, 244

reberculons, 215

viral
Pl 21

i actasiascs, 206, 256)

Histen

butterbsr, 277

C

e-ARCA See oyroplaimie antimeutrophilic
eytoplusniie sntibody

L-reactive prodein (CRP) 135, 159

CAA See cerebral amylobd angiogathy

CAA-related inflammation, 194

CADASIL. See cerebral guiovomal diominant
arerkopathy with sabgortical infarcts and
leukoencophalopathy

calcification, 13

CARASIL So¢ corebral autosomal redessive
arteriopathy with subcortical infarcts and
leukoencephalopathy

carbamazepine (CRI), 175 1748
caghidopa, 248
CATCiPOmMAl Avcningitis, 207
cardiac valvular discase, 152
carotid artery stenosis, 189
carp.'ll tanmel :.:rrl.dﬂwu-._ [48
catecholamine O mfl.h}.'] translerase (COMT)
Inhibliors, 348249
canda equing, 41, 157, 163-164
CBI, See carticobasal degeneration
CES. See corticobasal sindrome
CBE Sev carbamarepine
cecocentral scotoma, 40
cefirlaxome, 109
ceniral canal stenosis, 146
central cadal nuclens, 84
central cord syndrome, 42, 4310 H
central nervions svstem (CRS) 1L 25, 60 21T
mrfestions of, 232
pricrary lvmphoma, 258, 260§
vascular maliormations of, 195, 1951, I“ﬁf
central scatoma, 49
L'uqdulm.pnri.n. 244
cercbellar mtaxin, 70, 72-73, 720, 73
cerchellar peduncles, 67-70, 75, 77
cerchellar tremor, 243
cerebhellum, anatomy and function of, 67=70,
GH-F1f
cerchral abscess, 21-L 2147
cerebral amylodd angiopathy (CAA), 194,
195=195f 196
cerebral aqueduct, 29
cerchral autoxomal dominant anertogaihy with
subcortical infarcts and
leukoencephalopathy (CADASIL).
191,334
cerebaal autosamal recesvive aneriopathy with
srbcortical infarcis amd
leukoencephalupathy [CARASIL),
131,224

misprheres

cerebr
arterial supply of, 57, 58-60f
vascular territosics of ACA.MCA, and
PCAL 5B, 61f
watezshed territories, 35-59
cerchral malarlas 175
cerehral perfusion presiare {CPP) 270

Be

eorebral visgular territorics
clinical syndromies associaed with
ACA lerritory infarction, &, 64
infarctbon in the watershed territonics, 63,
i, 0
lacunar sirokes, 63, 65/
MOA territary infarction, 5960, 64
PCA territory infarction. 6, 606, 63, 651
cerehral vasculitis, 190
cercbral venous sinus throanbosis (VST ), 2040~
200, 20 f
cetebral venous snuses, 29, .'Uj
cerebrosprinal flukd (C5F), 2107
.m.:l}lu\ of, 11, 21-24. 2N
flow of, 26, 31-32(, 32
leaking of, 209
cervical artery dissection, 181182, 15831, 187,
150
cervical dystonia, 246
cervical radiculopathy, 1427 145146, 146f, 1551

cervical spondylosis, 145
Charcot-Marie-Tomh (CMT) discase, 287, Z88¢
Charles- Bonnet Syndromie, 51
clveine-oral pattern, 39, 119
chemical meningitis, 207
chemotherapy. neurologic complications of,
SE2-2631
Chiari maaliormation, 280, 280/
childhood-onset seizures, 175
chloramphenicol, 209
cholinergic crisis, 295
cholinciterase inhibitors, 236, 217, 195, I%
clvorda tympani, 120
cherea, 244=245
chorea gravidarum, 244
chorcoathetatic cerebral palsy, 204
charoud plexus, 29
chromic dizzinéss, 112=105, 113=11 If
chromic anflammatory demyelmating
palyradiculoneuropathy (CEDF), 406,
F31r. 136, 145; 281-282, 285~ 18K, JHal
as subacute neureloge symptons, 2, 2
chronikc migralrlr.. T
chronk pearslogic symptoms, 27, 3
chronic pelyneuropathy, 284-285, 2188
chronic subdural hermatoma, 19%
chronic viral myelins, 218
Churg-Sarauss syndrome, 135
CIDP. Sec chronde inflammatory demyelinating
p-nl}'l:diﬂdnneumpn!h'_r
clliospinal center of Budge, 85
circult of Paper, 56
circumduocted, 8
I5, xrn;lln'mllly izolafed sg'ndmrmr
CID, See Creuzfeldi-Jakob discase
clap sign. 252
Clande’s syndrome, 95
clinfcally isolated syndrome (C15), 225
clofarimine, 219
:lunau]um, 237, 243-=-2d4
chonis, 169
clonus, 7
clopidagrel, 188
CMAPS. See cnmpﬂund. mEH o action ]vanll:ds
CMT disease, See Charcot- Marie-Tooth discase
CMV. See avtomegalovirus
CM. See cranial nerves
CME Eee confral nervous e
cocaine eve drops. 86, 851
Cogan's syndrome, 115
cognition, 25
cognation pnlhwa}-.-_s‘ L]
copnitive nclions, 4
cogwheel mgidaty, 247
cold caloric testing, 109
Collier's sign, 100
Comatose, 4
comitant phoria, 102
comples febrile selaures, 177
complex partial seizures, |69
compound maor astion pateatials (CM AP,
136
computed tomograghiy angipraphy (CTA),
k219
cormpuited lemography (€17, 11
af beain, 12-13, 13- 15/
computed wmagraphy perfusion studics, 12



compated tomography venography (CTV),
12,21

COMT inhibitors. See catecholamine O-micthyl
transferase inlubitors

conduction aphasia, 55

conductive hl.'.:l!lﬂj: Boss, 105

confluence of sineses, 29

consciousness, level of, 4

conscimsncss palhways, 56

contrast-enhanced newrolmaging. 17=19,

19-20f

conus medullaris, 41, 162=163

conviexal subarachnoid hemorrhage, 196

coordinat

cord s

Felognition memory, 54=55

cortical vein theombaosis, 200- 201

an (CHRI, 252-253
conicobasal syndroane (CBS), 250, 252-253
corticobalbar tracts, 36

corticospinal tracts, 33-%6, M4f 351, 75
carcosteradds, 212

corlicobasal Ijl'g‘,‘llﬂ,‘r.l

CPP. See cendbral perfusion pressure
cranial nerve 1. See olfactory nerve
cranial nerve 2. X oplic nerve
cramal nerve 1. 3o oculomaodor nerve
cranial nerve 4. See trochlear nerve
cranfal nerve 5. See trigeminal nerve
cranial werve 6. Soe abslucens nerve
cranial nerve 7. See facial nerve
cranial nerve 8, See vestibulocochbear nerve
cranial nerve 9. See glossopharyngeal nerve
crankal merve 10 See vagus nerve
cranial nerve 11, Sec i-pilld.l BOCCRSBTY ACTVE
cranial nerve 12, See hypoglossal nerve
cranial nerve nuclel, TH=77, 82t
cranial perves (CN), X, 5=, 80=81¢, §2
for extrancular moverents, 9306, 93-06(
tumors of, 260-261, 2611
Creutzfeldi-Jakob discage (G0, 16, 231,
238239, 2400
croszed sipns, duoe 1o brainsten besione, 77
erossed :.1'rr||.3,hl !EH raisc test, 159
CHRFP. See C-reactive protein
cryplococcal meningiils, 211
crypococcomas, 211, 215
cryplogenic stroke, 157
CSE See cenchrospinal flukd
CT. Sce computed lomography
CTA. See computed tomography angiography
CTV. See computed tonwography venography
Cushing’s response, 270
L-!I-.;I,;.fhna]n]umidu. 237,228
f!,ltu|ﬂt£.'l|ﬂ\'lrl.l'l (MY 145,212
._-.p;:flu!i“s. 3fa
,_-:,-t|_1|1|.|1.|:1h.' i |||.r||.1f-|.!p||llh: ﬂ_.ll!upﬂa:.lll.h:
antibosby (o AMNCAD, 135

I
dabigatran, 188
d.ﬂl'umpr'uli.uru.. 227
d.;lpmnr. 219
[havwson's Eng{'rs-. 224, 22-1)"
DBS. See deep brain stimulation
decompensated phoria, 102
deep brain s1 imulation (DBS), 243, 250
dqu |J-¢mn|:':|.l merve, 165
deep veln thrombosis (AT T80, 198
debirium, 4, 251-233
dementia, 231
AD and, 234, 236, 236§
causes of, 233=234, 235]
DLE and, 236-237
FID and, 237, 2370, 238f
MCHin, 234
MPH and, 237-238, 238f
rapiddly progressive, 218-110
CIL, 239, 240
Hashimuwto's enocphalopathy, 212, 240
vascular, 237
dementia with Lewy bodies (DLB), 236-237,
248, 250, 151
demyclinating neuropathies, 282
dentatorubral-pallidoluysian atrophy (DRPLAJ,
I44-245
dermatormes, 133 142
dermatormyositis, 301
Dewic’s discase. S'rc':llcummrl.'lllli Gk
dexamethasone, 210
dextromethorphan-quinidine, 291
diabetic amyotrophy, 163
differential diagnosis; 1
dlﬂualm-might::l lmﬂ:n;iﬂwll. 150
dighial subtraction angiegraphy, 21
dimethyl fumarate, 226, 2261, 227
diplopia, 95
aliernale cover Lest in, 102, 102(
diagnosis of, 101-102
Maddox rod in, 102-104, Il'.ﬂ_f'. 104
dipyridamaole, 185
Dix-Hallpike fest, 113
dizziness, 110=111, 1ELf
clsronde, 112-115, 113-114f
eplsodic, 113, 115-116
DLE. Sec dementia with Lewy bodies
DR, See Duchenne muscular d}ﬂmph:r
dominant hemisphere, 53
dopa-responsive dystonia, 246
dopamine agonists, 244, 248, 250, 253
dopaminergic therapy, 244
Doppler ultrazound, 21
dorsal columns, 33, 36-38, 37/, 75
dorsal reot ganglia, diseases of, 134
dorsal root ganglionapathy, 134
DRPLA See dentatorubral-pallidoluysian
atrophy
drug-induced parkinsonism, 250
Duchenne nuscular dystrophy (DMEY), 305
dura mater, 26
DAL See deep vein thrombaosis
DYWL See ahitfusionwekphied imaging
dysarthirba. 5-6, 67, 126
dysarthria-clumsy hand, 63
cysaiagbinchokinesia, 8, 67
chysequilibriun. 110

Index 315

dyskinesias, 249-250
dysmetria, 8, 67
dysphagia, 6. 126
dystonia, 246

E
EBV. See Epstein-Barr viras
ECG. See elecirocardiogram
cclampsaa, 202
Edinger-Westphal nuclei, 824, 94
EDMIN 5o Emery: Dreituss muscular dystroghy
EEC See eloct rl.ler:c.qph:lh'lgmphy
cfferent pathways, 15
clectrocandiogeam (BCG), 180
dleciroencephalography (EEG), 11, 210
electromyography (EMG), 11
EIHIH'IIE symdromee, 219
embalism
artery-to-aglery, 151, 157
librocartilaginous, 203
paradazical. 181
F_murya Dhreifiass muuscular d\_.‘ilmphr LR,
£
EME See electromyography
empty delta sign, 200
encephalitis, 2, 2, 175
arbaviral, 213, 213f
CMY amd VAV encephalithdes, 214
HHV &, 214
HESV, 212-213 213
neuracysticercotic, 216, 207
rhombencephalitiz, 209
encephalopathy, hepatic, 2. 2
end-gae nystagmus, 100

enhanced physiologic tremor, 241-242
enlacapone, 248
cosinophilic granulomatosis, with polvangiitis,
135
qﬂduul- abiscess, 2144
epidural hematoma, 159/, 200
epidural space, 28 218
epilepsy, 210, Sev alar seurares and epilepsy
AEDs, 173, 1748, 175, I177-178, 244, 177
MERRF. 244
MESS, 168-173, 172-173F
MNCSE, 178
ouipalient management of
AED and drug-dmug interactions, 173
AELD titration and combination, 175
determining AED regimen for. 173, 1748
refractony, 175
shde elfect and toxieities of AEDs, 173=175
tapering off AED: in seizure-free
paticiats, 175
ps}'.:l‘wmlll; nurbq.'lihpliuc s‘pcui. 170
status eplleptious, 173
-;-pi.md.ic dizeiness, 113, V15-116
episodic memory, 234
episgndic migraiine, 377
Epley mansuver, 113, 114f
Epstein-Barr viras (EBY), 212
Erb-Duchenne palsy, 147
crgoamine, 277
erythrocyte sedimentation rate (ESR), 135; 239
csophoria, 102
ESE. See arythrocyte sedimentation rate
exsentiol myockonus, 244
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essential tremor, 242-243
ESX. See ethasuximibde
ethambatol, 212
ethiosuximide (ESX) 175, 174¢
Evans ratho, 235
EVTY. See external veniricular drsin:
extraventricular dratn
external ventricular drain (EVI). 195
extorsion, ¥2
cxtramsedullany lestons, 39
catranculsr movemenis
amatomy of
cranfal nerves, 93-96, 43-9af
muscles and their tnnervatbon. 91-93,
§I-83], 921
1.|.|F|mn|.m;k-\u control of horizontal and
vertical gare. %6-100), $6-10], 9
sapranuclear wrirn nuclear/infranuclear
lesbons, 101
extragnramidal systern, 33
extraventricular drain (EVD), 270-272
eve drops
apraclonidene, B6-57, BRf
cocakne, B, BSY
hydrosvamphoaming, &7, BE-59f
pilocarpine. 90

F

Fwave. 137

Imciad collicubus, 120

facial perve. 6, 100124, 131 -1230 127
| nerve pathwas, 120 L:L_r'

AL

eas,  [20=124, 122=] 2%

halonic seirunes, 254

{ascioacapulahumeral mrscolar dystrophy
FEHIY, 400, =3

feimioral nemae. 159

temoral nomropathy, 168, D60F

feutimatine., J47-248

feral Pusterair Cetelral ariery, S8, 60, 63

Irvetiew, 257

Eheicar s crmbolivng, 200

finger &

Fingalin

fsges. 2

flacchd tene. 15

FLATR. S flubd-atiennated inversion recovery
imaging

Bocculi, 67

Bocculonodular lobe. 67

fuent aphasia, 35

Mnsd-artemeated knversbon rooovery (FLATR)
mmaging. 185

uoroquinobones, Jifk, 313

focal dystonia, 240

focal sekinines, 164

Tocal showing, and conductbon blck, 136-137

Foot drop, 166- 167, 1671

Foramina of Meonso, X

focammel, 212

Foater Kennedy syndrome, 49

fourth ventriche, 29

fragile X-asociated tremor/ataxia symlrome
(FXTASL 73, 7%

Friedreich’s ataxia, 73

Froin's 1.1l.'|'ulm'm-:.. 23

Froment's sign, 149

frontal eye Relds, 96

frantal lobes, 54-55

frontall release signs, B, 134

r'n:lnI!l:lI.t'mpcan dernentia {FTIX), 237, 2371,
L " e L]

FSHID, See fascioscapulobumeral muscular
dvaarophy

FTIT. See frontelemporal dementia

fulminant demyelimating discase, 226

fungal fscal brain lesions. 215

fungal mendngitis, 211

FXTAS. See fraghle X-sssociated tremor/ataxiy
syndrame

G
gabapentin (GBP). 17415, 243, 353
GAD, See antiglutamic scid decarboxylase
galt. 253
cxamination of. §
in Parkinson™s disease, 248
gencichovir, 212
ganglionepathy, 129, 134
gasserian ganglion, 117
[:J:n'-u'mlwd. direction -chulgmu_ nyslagmus,
Ll
GRP. 5o gabapentin
GBS See Guillain- Barré syndrome
peneradized seizures, 169
genctic dvstonies, 246
genbculate ganglivn, 120
gootraplc, 114
Cre s svodeoame 53

intiinte; 246
giand cell arteritiv, 276
Tl s dicforming 219

elabellar sign, 245

s, 234, 255-25

whobal aphasia, 55

H||I1-\IIF||1.1F}J'.H:JJ merve, 6, 125126, 1271

glossopharyngeal neuralpia, 126, 260

luteal nerve, 159

GnlH, S I;ul'l.ldll-l!|HPII:-“‘|N\:II'IK hormene

gonadetropin: releasing hormone (GnRH ).
125

Erasp redlex, 254

gray matler, 26

great vein of Galen, 29

greater petrosal nerve, 110

Gudond mancaver, 114

Citillakn-Barrd symadrome [GHES) 132,220, 230,
I83-284

Gawillain-Mollaret triangle, 244

l‘..'-urmn‘t canal, I-IE:,I': (E1

gvri, 25

H
H reflex, 137
hand
innervation of, 1538
scnsory supply of, 144-145. 1467

HaMNDL. See headache and neurslogic deficits
wilh cerebrospinal fluid lymphocyiosis
HARNWS, See HIV-aisociated neuromuscalar
weakness syndrome
Hashimoto's emcephalopathy, 212, 240
Haw River symnddrome, 245
head Imypulse test, 111
headache and neurcloge: deficits with
cerchrospinal lisid lymphocytosis
(HaMDL), 280
headaches, 2761, 2708, ?&I}!,I"
Chiar malformation amd, 280
daily persisient, X758-2T49
HaNDL, 280
medicatiom overuse, 279
mgraine, 115, 275-278
accipilal neuralgia, 279-180
lemstn, 278
trigerinal autonomic cephal
hearing boss. 112, 210
a-p].un.lch fo, 105= 11K
conductive veries sensonineural,
16— 107, 106
Hewlenhabi variant, 239
hematomyelia, 203
hemicord syndronee, 42, 437, 44
hemifackel spasm, 253
hemiparesis, &
Iwmip'lugu: miEninu:. 277
hemispheres of brain, 25-26, 27
hemoarrhage, 13
ancuryamal subarachnoul, 196-198, 197
converssan of ischemic stroke, 193
convexal subarachnosd, 196
intescorebral, 1800, 192, 192-1937
acute management of, 193
ctioboges of, 193, 194, 194-195
as hyperacute neuralogical symplom, 2
resuming anticoagulation after
Jllti:nlguhlinnuzuuciqlgd. 194 = 105
imtravemtrbcular, 198-199, 1561
perimesencephalic subarachnonl, 198, 198/
wpma'l.. 0%
subarachnokd, 1970
aneurysmal, 196- 197, 197- 198, 1971
1 hﬂk'r.:lxulc |1El||r|:||nﬂh: sympiom, Z.Jf
perimesencephalic, 198, 1948/
unruptured intracramial anearysms, 198
hemorrhagic conversion, 193
heredhitary menropathics, 2875, 288
hereditary spastic paraplegia { HSP), 45
Hering's law, 102
herpres simplex virus (HSV), 124, 145, 210
encephalitis, 212-213, 2131
IV =6 See human herpes virus-6 encephalitis
Herayamia discase, 200
HIV-associated neuromusaular weakiness
syndeome (HANWS), 22]-222
Hotlman's sign, 8, 35, 146
Hoines tremion, 243
homsonymous deficin, 48
homsonymous hemianopia, 48
homionymoas visual feld deficiis, 50
howizonisl gage, 9799, Y7991 oy
Heamer's synddrome, 85-87, 871, 85-591
HSE. See heroditary spastic paraplegia
HSW. See herpes sinmplex wirns




kuman herpes virus-6 (HHY-6) encephalit,
214

Humington's disease, 244-245

hydrocephalus, 32, 1971, 210, 215, 269

hydroxyamphetamine eve drops, 87, BR-gaf

hygroma, 200

hyperacusis, 124

hyperacute neurobogic sympioms, 2, 3§

hyperdensity, 12-13

hyperglycemia, 2, 2f, 150, 244

nyperintensty, 12

hyperkalemix
P

hyperkinetic, 241

el I'\-'\-|'|-| alemuig |\|:I|ih|1|,'
g, MIG=307, 3004

vllcxi ¥ (£ 1]

b
aa, 247
Iypophonia; &, 126
liypoplastse veriebral arery, 57

hyporellexia, 7, 35

ideational apeaxia, 54

idinmator apraxia, 54
wliopathic imracranial hypertension,
2
immune-mediated necrotizing myopathy,
L1
une recamstitution inllammatory syndrome
(IR15), 212, 222
immunomedulatory therapy, 240

inchusion body myositis, 30)
omitant phoria, 102
indizced |1:|1|-fql1_-|'|u|1|'|. ia ircatment of schemic
sroke, 186
infectious cransal neuropathies, 217
infections vasculitas, 217
i ferior obligue, 928
i ferior pocius, 1
nferbor sxlivatory nuckews, 821
niflammatory bowel disease, 207
inflammatory myopathies, 300-300, 20ar,
L1
NG, See internuchear ophihalmaplegia
inseriinnal activity, 137-134
intention tremor, 241
internal arcuate fibers, 37
inbernal cerebral veins, I9
internuclear ophthalmoplegia (INO),
o, 991 224
inierotieous neuropathy, 149
pivLorsiom, 92
intracerelral hemorrhage, 180, 192, 192- 193
acide management af, 193
clinlopics of, 193
CAA, 194, 154=195F
resuming a||||rn.'|51|l.1t|:ll1 alier
anticosaguiation-assoceatel, 194-195
ntraceanial arterial stenosis, 189
intraceanial hypotension. 278376

intracranial pressure
deereased, 273=274, 273f
inereased, 269-273, 270f
intracranial tumors, 255-258, 256-2601C 2571
intramedullary besions, 39
intravascular lymphoma, 191
intravenous immunoghobalin (1VHg), 207, 228, 253
intraventricular hemorrhage (IVH),
198= 199, 199/
IRIS, See immune reconstitution inflammatory
synclramie
ischemic ]an.llnbi g
tschemic siroke, 1800
clinlogy of, 181F
arterial discase, 181
atherosclerasis and thromboembolic
disease, 181
cardiac causes, 181-183, 183
cervical artery dissection, 181-182, IS:f
hematologic causes, 183
lipohyalinosis of small penctrating
artenes, 151
vasculopathy and vasculitis; 182
VARIEPASA, 182
evaluation for etiobogy of, 187=158
initial evaluation of, 183-184, 184- 185f 156
nitial treatment of
antiplatelets and anticoagulants, 186-187
permissive hypertension and induced
hypertensbon, 186
surgical inerventions, 187
thrombaelysis, 186
and intracerchral hemorrhage, 178-180
I|:||1.1.',-1e|111 -s..-:pue]u of, 192
rarer causes of
CADASIL, 191
CARASIL, 191
cerebral waseulitis, 190
intravascular lymphoma, 191
MELAS, 191=192
MOYAMEOYE, 154
Susac symdeome, 191
sevondary prevention af
anticoagulation for, 188-189
antiplatelel agents for, 188
palients with caroticd artery stenosis, 189
patients with cervical artery dissection, 190
patienis with PFO, 189150
patients with symplomatic intracranial
arterinl stenosks, 189
TIA. 180181
ksaniazid, 212
erinecling 216
IVH. Sec intraveniricular hemarrhage
IVig. See intravenous invmunogbobulin

Jawe jerk peflex, 119

Jenadrassik manevver, 7

Jerk nystagmus, 109
ugalar foraen pathology, 126
Jugabar veins, 29

Jursctinnal scotoma, 44

k
Kallmann's synddrome, 125
Rayser-Flelscher ring, 254

Index 7

Kennedy's disease, 291
Kernig's sign, 2009
kinetic tremar, 241
Klumpke palsy, 147

L
lagosamibde (LM 1740
lacunar infaret, 39
lacunar strokes, 63, 651
Lambert- Eaton mvasthenic syndrome (EEMS),
06~ 298, 2961, 297
lamotrigine (LTGH 173, 1748
Lance: Adams syndronse, 24
lateral femoral cutancous neuropathy, 164
lateral geniculate auckeus (RGN, 47
lateral rectus, 91
lateral ventricles, 29
lateracollis, 246
LEM. See Lacosamide
Lemprert manouvers 114
LEMS, Sec Lamibert- Eaton myasthenic symdrome
lemticwlar nuclei, 56
leprosy. 217, 219
lepiomeningeal metastases, 207, 256-257, 2577
leplomeninges, I8
lethargic, 4
leukodlystrophies, 508, 3108
LEWV. See levellrscetam
levetiracetam [ LEVL 1745, 244
levamiBopa, 248, 253
LGAMLE See limb 3inire mwsenlar d}:lmphj.'
LGH. See lateral genleulate nucheus
Llermatte’s sign, 146, 324
ligament of Struthers, L4
limb girdbe muscular dystrophy (LGMD), 301
limb-kinetéc apraxia, 54
lipahyalinosis, 181
lobves, of brain, 25-26, Ii"f
frantal and temporal, lainguage, 54-55
parietal
attention, 53
pr.m:i!-.. 53=54
temporal, recognition menory, SH-55
localization, 1-2, 9
ol motor and sensory deficits, 38-3%
pharmacologsc, 87-884
locked-in syndrome, F5-79
lscus coerulous, 75
lower modor neuren facial weakness, 122,
1225 124 .
lvwer imolor nearen lesions, 3536, 351
lower maolor peurmns, 35 '
LP. Sev lumbar punciure
LTG. See lamotrigine
Tumbar canal stenosis, 161-162
lumbar pundiure (LPL 21, 210
lumbosacral plexopathy, 163
Iumbaacral plexus
anatomy af, 157-159, 160t
diseases of, 134, 1351
tumbosacral radiculopahy, 159-161,
162~ 163F
Inmtssacral radiculsplexus neuropathy, 163
lisjruas, 135, 244
uxury perfusion, 21
Lyme disease, 145, 217
lyme meningitis, 212
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hmphoma
intravascubar, 191
neurohmiphomatoss, 261
primary CNS, 338, 260/

M

Machado-loseph discase, 73

macelar sparing, 49

Maddox Tod test, 102-104, 1031

MADRAM. See maultifocal soquired
demyvelinating semsory and miotor
neurapathy

m.u.;p.n}mn.. M2 2T

Magnetic gait, 8

miagnetic resonance angiography (MEAL
1219

magnctic resonance imagiag (MRI), 11=12

of brain, 13-17, 15-17f, lor

magnetic resonance perfusion studics, 12

I.'I'IWH': reionance apaciroscopy (MRESE 12,
171

magnetic resonanse venography (MRV), 12, 21

mannial, 271

MAC-B inhibitor. 5S¢ monsamine oxklase B
infibifors

M:rbl..-rl: warismk, 221

marche & petit pus. 248

Marin-Grubor anasbomodis. 145

MayThurner syndrome. |88

MOA. See middle cerebral ariery

SO Se maild copailive impaireent

MeLeod wwndrame. 245

Meckelscave, 117

medial lem

0]

nudled, 75

mecphalopathy with

Lesila amel abpokglibe epbsndes

Bacicrial

climiead fratunes of, 2049
compliations of, 210
tnlatinn and prophylasis of contacn, 210
lurmbar punctare U 210, 210¢
preatment of, 209-210

carcinematous, M7

chemical. 207

. q‘Pbﬂ-ﬂHcﬂL m

fumgal, 201

I.Ilrrrlr. b I

spinal, 218

q-thl.Ud..El'.’

raberowloss, 211=212

wiral. 211

tvental staius

cxamination of, 9
attention, 4
integrity of cognitive functions, 4-5

languages

lewed of comschousicss, 4
meTory, 4-5
meralgia paresthetica 164
MERRE. See mivoclonic epilepsy with Wd
red fibers
mesencephalic nucheus of 5. 119
kel temporal sclerosis, 1710 171
MESS. See Multicentre Trial for Early Epibepay
and Single Scizures
metabodic myopathics, MM, 3051, 306
meethodrexake, 237
methylprednizalone, 226
metoclopramide. 250, 277
metronidazele, 219
Mever's loop, 48
middle cerebral arlery (MCAL ST
arterial supply of. 38, 61/
territory infarction ol 39-60, 641
migraine, 276-278

peular, 277
retinal, 277
symplomatic, 275
vestibular, 115
mild cognitive impadronent (MCI); 234
Ainds Mental State Examination (MMSE), 5

micsis, £5,. 8%
mitochondrial discases, 309, 311
mitochondrial encephalopathy with lactie
zcidoils and strokelike epiiodes
(AMELASH, 191- 192
chondrial myopathies, 306
mmitowanirone, 227
mixed transoortical aphasia, 55
MLE. Soe modial longitedins] fasciculus
MMESE See Mini-Mental $1ate Examumatbon
MolCA, See Montreal Copnitive Assessment
muodafimil, 227
Molkarer's menimgits, 211
manoamine oxidase B ( MAG-B) inhibitors.
218
menegular, 101
s oeular visal logs, 49-50
monenciaropathics. 39, 130, 135
ol lower extremity, 163- 165, 164/
of uppeer extieenity, 145150
moponeuropathy mubiples, 39, 134, 135
mondaplegla, &
Monro-Kellie doctrine, 269
Montreal Cognitive Assessment [MoCARL S
maror and sensony deficiis, 39-40, 407
misiar contre] pathways, 56
myistar fenran disease, 129, 180,200
muator anik adction potentials (U AR,
137=1348, 139
movenient dlsorders, 240- 254, 243
movamo v, 1490
MEA. Sec magnetic resonance angiographiy
MMEL Scr magnetic resomance imaging
MRS, See magnetic resonance L
MR\-'-SFFI'H-LEFI:-"H' ECsURAnCY enography
M. See mubtiple sclerosiy
MSAL See multiple systems atrophy
MUAPs Sev motor unbt action potentials

Multicenure ‘T'rlal for Eaely Eptlepsy and Single
Seizures (MESS), 168=173, 172=173f
multifocal acquired demyelinating sensory and
miotor neuropathy (MADSAM), 135
mudtiphe sclerosis (M5}
l:hmﬂﬂ].- fsolated A}'n:lmnz' (E18). 225
clinical features of, 223-224
fuedrmvimamt ..Ifrrwebina.ﬁng digeaze, 216
peuraimaging in, 224, 224-225
radiologically isolated syndrome (RES),
215-126
treatment of
weute flares, 26
long:term nf'rel:lpungrumﬂlm_q, 126227,
Fx)
progressive, 227
symplomatic management, 25
miultiple systems atrophy (MSAL, 250252, 251
mvsele disease, 299-308
nysche tone, &
muscular dystrophies, 301, 302
congenital, 304, 304¢
distal, 303-304, 303
musculscutancous neuropathy, 150
miyasthenia gravis, 293-206, 2941 2960
myasthenic crisis, 204-205
myasthenic syndromes, congenital, 256
mycophenolate, 228, 295
mydriasis, 83
myeloneuropathy, 44
myclopathy, 45, 221
Myerson's sipgn, 248
myocardial infarciion, 182
myaclonic epilepsy with ragged red fibers
(MERRF), 244
myeclonus, 169, 243-244
m'!.'\l'!;lli'l. infectious, 2240
myotonic dystrophy, 3005
myxopapillary ependymoma, 163

)
matalizumab, 227
MOE. Soc nourocydicercosis
KCS. See nerve conduction studies
MCSE, See nonwonvalsive status epilepiicus
neglect, 53
nicaratal |11}'aslhﬂna gravis, 2
neoplatic and radiation-induced plexopathy,
147
nerve conduction Audies (NCSK 11, 136=139,
1364 138-1097 138
nErve Tools
amatomy of, 130, 132~ 53f
diveases of, 132-134
infection of, 2 1%
of bower extremiiy, 157, 1581 1647
of wpper extremity, 141, 142
RETVOLS syslem
anatonyy of
cerebral venous sinuses, 29, 307
NS, 25, 2
gray matier and white matter of braim and
spinal cord, 26, 38f
of bower extremily, 157159, 156);
Ifil= 16228
mestinges, 26, 25, 290
PG, 15, 16f



of upper extremily, 141145, 142- 143,
1450 151=158
veniricular system and cerchrospinal (hiid
flow. 29, 31-32f, 32
mermd inlermedins, 120
neuralgic amyotrophy, 147
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1IIISI-5|TI.'ILI:‘., 192
simiple febrile, 175
simiple pariial, 169
werrures and epilepsy. See alwo epilepsy
definglions and causes of, 167- 165, 168¢
special scenaros in management of
AED prophylaxss, 177-178
childhood-onsct seizares. 175, 1768
in paticnis wiih HIV. 177
pesliatric febrile seizures, 175, 177
in pregnancy, |77
wlegive sepmonin 1.-|||-|.|L|- inhibdtors (SSR1),

VB2 20X, 227,237, 244

iy potentials (SMAPs), 136

JH. Sev
of anfic

ppropriale SOreken

ong

Emod simse
simiple febpile seazures, 175
siniple partial scizures, (69
simiultanagnosia, 50
4l |I'.:||.' '||=Il.'|I;|-I'| EMERsidN « 1:-|:|]'1I1|.'-\.| Iﬂl!lllr_'.:hl|"|'|:|'
(SPECTR 12, 21, 175, 248
bt
coerchral vemous, 29, 5y
WS, 2= 200, 2
conllucnce of, 29
sagimiicl, 29
iraight, 29
superior sagutal; 29
trnsverse, 29
lli-\.l:_."'|l.'||-'1 H:IIILII!MI"I'.'. 135, 224
sheew deviation, 100
SMLAL Soe spinal muscular atrophy
small fiber meurapathy, 252
SMN gene. See supvival motor neuron gene
smoodh pursuit, 5, 96
SHAPs Sov senidsy Ve 180 Flflh'ﬂ'li-'lt‘
anoqt rellex, 234
sonsatosensory pathways, 36-134, 36-38/
sominalent, 4
spaslic gait, #
spasticily, 35
SPECT. See single photon emisslon comipuied
romagraphy
sphenopalatine ganighon, 130
1.]r|r|.li ACCREsONY neT vl 126
spimal cord
anatomy of, k1, 42f
gray matter, 21%
jamyination of beng tracts b, 41-42, 43F
patliways for powel and Madder control in,
-5, A5
symlrames of 42~ '“ A3, 44
vasculir disease of
sschemic sroke, 203
7‘|’““"" dural AVE, 203-204, M
spinal hemorrhage, 203
spimal epiiural ahscess, 218
apimal Toved, 34

splnal meningitis. 218
ﬁpﬂml mncular atrophy [SMAL 291, 291t
spinal muaclews of 5, 119
spimal tract of 5, 119
spine
infections of, 218=219, 218f
Lipwars of, 258, 260
spimacorelseliar ataxia, 73, 244
spinothalamic Iracts, 33, 36, 75
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thos. 296
thine cowrse of neurologic symptoms. 1. 2
Tinel's sign, 148
thssue plasminogen activator (EPA), 150
tizanidine, 227, 391
TML Sec transverse mvelitis
Todd's parabyis. 169
tolcaponie, 248
tonic-chomic, 169
tonsillar herniation, 270
woplramate [TPMI, 1745 243
torticollis. 246
Tosiretic’s syndrome, 246-247
toxoplasmosic, 215-216, 2167, 244
tPA, Ner tisue plasminogen activator
THM. Sce topiramate
tramicortical modor aphasia, 55
transcortical sensary aphasia, 55
transcranial Doppler ultrasound (TCD), 12, 21.
]
fransent Flub.ai amnesa [TCAL 232, 2‘3&1
trznsient ischemic attack (TEAN 112115,
1680181
tramstentorial hermiation, 270
trensverse myelitis (TH), 223, 23023
AN EVETES TS, o3
traumatic brachial plexopathy, 147
tremor, 2438, 247
action, 241
cerpbellar, 243
enhanced physinlogic, 241-242
cssential, 242-343
FXTAS TALTH
Homes, 243
imtendbon, 241
kimetic, 241
orthostailc, 243
Parknsonian. 243
postoral, 241
rest, 241
rubiral, 343
witnpg:beuting, 354
Trenadeienburg galk, 5
trigermiinal autonomic cephalalgias. 278, 2790
trigeminal motor pathways, 119
trigeminal nerve, 5-60 117-120, VIBf, 1271
Irl.pﬂ'rqna! nﬂ:r.ﬂpn_ 120, 280
trigeminal pathways, 117-119
trigeminal sensory pathways, 117-109, 118/
tribiexyphenidid, 248
inmcthoprim-sul amethoxazale, 207, 209

triptans, 277
trismus, 29
trochlbear nerve, 5, 95, 957
traphcal spastic paraparesis, 218
Trousscaw's symdrome, 266
tuberculansa, 212, 215
tuberculosis, of spine, 218-219, 218f
tiberculons brain bessons, focal infections, 215
tuberculous meningitis, 201=212
Tullie's phenomenon, 114
umetactive demyelination, 225
Tumors
brainm metasiases, 156
of crandal nerves, J60-261. 261
intracrandal, 255-258, 256-26d, 2571
Pancoast, 147
of PG 261-262
primary intracrandal, 257-258, 2574, 2581
of spine, 258, 3260

U
Uhitheait's phmnmt'rmn. bl |

ulnar newropathy. 149

umncal bermintion, 270

unrupiused introcranial ancurysms, 198
upper motor neunen Bcial weakness, 121=122
upper motor nouron lesions, 35-346, 35¢
UPPer mober neurons, 35

upward bernlation, 270

uremila. 2

v

vacusdar myehopathy, 218

vagus ferve, b 125-126, 1271

valproatefvalproic ackd [(VPAL 172, 1740, 244,
250

Valsalva mancuver. 189

vancomygin, 209

varicella Boster vimis (VZV), 122, 212

encephalitis, 214

vasculae demsentia, 237

vascular imaging. 19-21, 201

vascular mallormations, of CNS, 195, 1954, 196/

vasculitic neuropathy, 135-136

vasculopathy and vasculitis, 182

VAR, 182, 197F

veniral padterior lateral {YPL), 36

veniral posterior medial (VPM) nucleas, 119

ventricadar system, and cerchrosginal Mukd Now,
0, 31-32f 32

'|.t'nlr.i|:u||.|l|slerll.1.~r.|r.:l (V) shani, 272

VEPL See visnal evokad potentials

verapamil, 202

vermks, &7

vertbeal gace, 100- 101

wertigo, LIO-115, 11IL 113-114)

vestibular migraine, 105, 277

vestibular newritis, 112

vestibular schwannoma, 261, 2611

vestibular system, 107- H0SE,107-110

vestibwdo-ocular reflex (YVOR), 101,
107-108, 108/

vestibulocochlear nerve, &, 105

viral hrain besions, focal infections

PML, 214=-215, 215/ 227

wiral mcningjti.s,!l]

wizual cognitbomn, disomders of, 50-51

visual evoked potentials (VEPs), 225

wvisual fielils, 47

visnal boss, 48-50, 501

visual pathway, 47-48, 487

vataman B, 233

wilamun B2, 250, 362

deficiency. E.J': N8 44, 45 52, 150F, 218, 250,

254, 261, 285, 290, 309

voluntary activity, 138, 138/

VOR See vestibubo-ocular reflex

VI shunt. See ventricaloperitaneal shunt

VPA, See r..n]prwjen':[prnu; ncid

VPL. See ventral posterior lateral

VM, See veniral posterior medial nuclens

VAT, 5S¢ oorchral venous sinus thrombosis

VEV. S varicella moster vims

W

wall-eved bilateral internuclear ophithalmoplegia
{WEBINO), 100, 100]

warfarim, 173, 1588

Wartenberg's syndrome, 150

watershed territories

of cerchbral hemispheres, 58-59
infarctuon in, 63, 6, 661

WBCs, See white blood cells

Weber's syndrome, B4

Weber s test, 106=107

WERINO, See wall-eyed bilateral internackear
|:l|.'i|'|l|l=|||.1np|e5i:l

Wegener's granubsmatosis, 135, 207

Wemnicke's aphasia, 55

Wernicke's arca, 54

Wernicke's encephalopatly, 233, 233f

Weston: Hurst syndoome, 228

Westphal varant of Huntington's Duscase, 245

while blood cells (WBCs) in cerebrospinal fluid,
I, 23,210, 284

white matler. 26

Wilbrand's knee, 49

Wilson's discase, 244, 254

wing-beating (remor, 254

X
santhochromia, 23, 197

£
FNE, S ponisaniade
sonisamide (ZMNS), 1741



An Engagingly Written Text That Bridges the Gap
Between Neuroanatomy and Clinical Neurology

 Clinical Neurology.and Neuroanatomy delive ear, logical discussion of the complex
relationship between neuroanatomical structu netio 3\5-:-!!1'15~I‘h\?'-1r'3-|'ﬂ<.]I'E disease. Written
in'aniengaging, concise sty queitex uceinet _ damental
neuroanatomy and the clinicallocalizationiprinei =cessany treat patients

with neumloglc dlseases Jnlikelothernetrologyt pksithiateithe! euroanatomy

A manner

FEATURES

T
» A clear, concise approach to explaining the complex relationship between
neuroanatomical structure and function and neurologic disease

« Numerous full-color'illustrations and high resolution MRI and CT scans

» Explanatory tables outline the clinical features, characteristics, and. differential
diagnosis of neurologic diseases and disorders '

M 9'55-1-25-9'.::215-5&'
MHID -‘""-BE"'i"E. 1
|
AccEss iMedicing hq. tll.. |
tew  NEUROLOGY i I |

(THT] COLLECTION 5 3
neurclogy.mhmedical.com —_—

J

e e

R

..—-r'r-"" 3
S
— | e




	image00001.pdf (p.1)
	image00003.pdf (p.2)
	image00004.pdf (p.3)
	image00005.pdf (p.4)
	image00006.pdf (p.5)
	image00007.pdf (p.6)
	image00009.pdf (p.7)
	image00010.pdf (p.8)
	image00011.pdf (p.9)
	image00013.pdf (p.10)
	image00015.pdf (p.11)
	image00017.pdf (p.12)
	image00019.pdf (p.13)
	image00020.pdf (p.14)
	image00021.pdf (p.15)
	image00022.pdf (p.16)
	image00023.pdf (p.17)
	image00024.pdf (p.18)
	image00025.pdf (p.19)
	image00026.pdf (p.20)
	image00027.pdf (p.21)
	image00029.pdf (p.22)
	image00030.pdf (p.23)
	image00031.pdf (p.24)
	image00032.pdf (p.25)
	image00033.pdf (p.26)
	image00034.pdf (p.27)
	image00035.pdf (p.28)
	image00036.pdf (p.29)
	image00037.pdf (p.30)
	image00041.pdf (p.31)
	image00042.pdf (p.32)
	image00043.pdf (p.33)
	image00044.pdf (p.34)
	image00045.pdf (p.35)
	image00046.pdf (p.36)
	image00047.pdf (p.37)
	image00048.pdf (p.38)
	image00049.pdf (p.39)
	image00054.pdf (p.40)
	image00055.pdf (p.41)
	image00056.pdf (p.42)
	image00057.pdf (p.43)
	image00058.pdf (p.44)
	image00061.pdf (p.45)
	image00062.pdf (p.46)
	image00065.pdf (p.47)
	image00068.pdf (p.48)
	image00069.pdf (p.49)
	image00070.pdf (p.50)
	image00071.pdf (p.51)
	image00074.pdf (p.52)
	image00077.pdf (p.53)
	image00078.pdf (p.54)
	image00079.pdf (p.55)
	image00080.pdf (p.56)
	image00081.pdf (p.57)
	image00083.pdf (p.58)
	image00084.pdf (p.59)
	image00085.pdf (p.60)
	image00086.pdf (p.61)
	image00087.pdf (p.62)
	image00089.pdf (p.63)
	image00092.pdf (p.64)
	image00095.pdf (p.65)
	image00096.pdf (p.66)
	image00101.pdf (p.67)
	image00102.pdf (p.68)
	image00103.pdf (p.69)
	image00104.pdf (p.70)
	image00105.pdf (p.71)
	image00106.pdf (p.72)
	image00107.pdf (p.73)
	image00108.pdf (p.74)
	image00109.pdf (p.75)
	image00110.pdf (p.76)
	image00111.pdf (p.77)
	image00112.pdf (p.78)
	image00113.pdf (p.79)
	image00114.pdf (p.80)
	image00115.pdf (p.81)
	image00116.pdf (p.82)
	image00117.pdf (p.83)
	image00119.pdf (p.84)
	image00120.pdf (p.85)
	image00121.pdf (p.86)
	image00122.pdf (p.87)
	image00123.pdf (p.88)
	image00124.pdf (p.89)
	image00125.pdf (p.90)
	image00126.pdf (p.91)
	image00127.pdf (p.92)
	image00128.pdf (p.93)
	image00129.pdf (p.94)
	image00130.pdf (p.95)
	image00131.pdf (p.96)
	image00132.pdf (p.97)
	image00133.pdf (p.98)
	image00134.pdf (p.99)
	image00135.pdf (p.100)
	image00136.pdf (p.101)
	image00137.pdf (p.102)
	image00138.pdf (p.103)
	image00139.pdf (p.104)
	image00140.pdf (p.105)
	image00141.pdf (p.106)
	image00142.pdf (p.107)
	image00143.pdf (p.108)
	image00144.pdf (p.109)
	image00145.pdf (p.110)
	image00146.pdf (p.111)
	image00147.pdf (p.112)
	image00148.pdf (p.113)
	image00149.pdf (p.114)
	image00150.pdf (p.115)
	image00151.pdf (p.116)
	image00152.pdf (p.117)
	image00153.pdf (p.118)
	image00154.pdf (p.119)
	image00155.pdf (p.120)
	image00156.pdf (p.121)
	image00157.pdf (p.122)
	image00158.pdf (p.123)
	image00159.pdf (p.124)
	image00161.pdf (p.125)
	image00162.pdf (p.126)
	image00163.pdf (p.127)
	image00164.pdf (p.128)
	image00165.pdf (p.129)
	image00166.pdf (p.130)
	image00167.pdf (p.131)
	image00168.pdf (p.132)
	image00169.pdf (p.133)
	image00170.pdf (p.134)
	image00171.pdf (p.135)
	image00172.pdf (p.136)
	image00173.pdf (p.137)
	image00174.pdf (p.138)
	image00175.pdf (p.139)
	image00176.pdf (p.140)
	image00177.pdf (p.141)
	image00178.pdf (p.142)
	image00179.pdf (p.143)
	image00180.pdf (p.144)
	image00181.pdf (p.145)
	image00182.pdf (p.146)
	image00183.pdf (p.147)
	image00185.pdf (p.148)
	image00186.pdf (p.149)
	image00187.pdf (p.150)
	image00188.pdf (p.151)
	image00189.pdf (p.152)
	image00190.pdf (p.153)
	image00191.pdf (p.154)
	image00192.pdf (p.155)
	image00193.pdf (p.156)
	image00194.pdf (p.157)
	image00195.pdf (p.158)
	image00196.pdf (p.159)
	image00197.pdf (p.160)
	image00198.pdf (p.161)
	image00199.pdf (p.162)
	image00201.pdf (p.163)
	image00203.pdf (p.164)
	image00204.pdf (p.165)
	image00205.pdf (p.166)
	image00206.pdf (p.167)
	image00207.pdf (p.168)
	image00208.pdf (p.169)
	image00209.pdf (p.170)
	image00210.pdf (p.171)
	image00211.pdf (p.172)
	image00212.pdf (p.173)
	image00213.pdf (p.174)
	image00214.pdf (p.175)
	image00215.pdf (p.176)
	image00216.pdf (p.177)
	image00217.pdf (p.178)
	image00218.pdf (p.179)
	image00219.pdf (p.180)
	image00220.pdf (p.181)
	image00221.pdf (p.182)
	image00222.pdf (p.183)
	image00223.pdf (p.184)
	image00224.pdf (p.185)
	image00225.pdf (p.186)
	image00226.pdf (p.187)
	image00227.pdf (p.188)
	image00228.pdf (p.189)
	image00229.pdf (p.190)
	image00230.pdf (p.191)
	image00231.pdf (p.192)
	image00232.pdf (p.193)
	image00233.pdf (p.194)
	image00234.pdf (p.195)
	image00235.pdf (p.196)
	image00236.pdf (p.197)
	image00237.pdf (p.198)
	image00238.pdf (p.199)
	image00239.pdf (p.200)
	image00240.pdf (p.201)
	image00241.pdf (p.202)
	image00242.pdf (p.203)
	image00243.pdf (p.204)
	image00244.pdf (p.205)
	image00245.pdf (p.206)
	image00246.pdf (p.207)
	image00247.pdf (p.208)
	image00248.pdf (p.209)
	image00249.pdf (p.210)
	image00250.pdf (p.211)
	image00251.pdf (p.212)
	image00253.pdf (p.213)
	image00254.pdf (p.214)
	image00255.pdf (p.215)
	image00256.pdf (p.216)
	image00257.pdf (p.217)
	image00258.pdf (p.218)
	image00259.pdf (p.219)
	image00260.pdf (p.220)
	image00261.pdf (p.221)
	image00262.pdf (p.222)
	image00263.pdf (p.223)
	image00264.pdf (p.224)
	image00265.pdf (p.225)
	image00266.pdf (p.226)
	image00267.pdf (p.227)
	image00268.pdf (p.228)
	image00269.pdf (p.229)
	image00270.pdf (p.230)
	image00271.pdf (p.231)
	image00272.pdf (p.232)
	image00273.pdf (p.233)
	image00274.pdf (p.234)
	image00275.pdf (p.235)
	image00276.pdf (p.236)
	image00277.pdf (p.237)
	image00278.pdf (p.238)
	image00279.pdf (p.239)
	image00280.pdf (p.240)
	image00281.pdf (p.241)
	image00282.pdf (p.242)
	image00283.pdf (p.243)
	image00284.pdf (p.244)
	image00285.pdf (p.245)
	image00286.pdf (p.246)
	image00287.pdf (p.247)
	image00288.pdf (p.248)
	image00289.pdf (p.249)
	image00290.pdf (p.250)
	image00291.pdf (p.251)
	image00292.pdf (p.252)
	image00293.pdf (p.253)
	image00294.pdf (p.254)
	image00295.pdf (p.255)
	image00296.pdf (p.256)
	image00297.pdf (p.257)
	image00298.pdf (p.258)
	image00299.pdf (p.259)
	image00300.pdf (p.260)
	image00301.pdf (p.261)
	image00302.pdf (p.262)
	image00303.pdf (p.263)
	image00304.pdf (p.264)
	image00305.pdf (p.265)
	image00306.pdf (p.266)
	image00307.pdf (p.267)
	image00308.pdf (p.268)
	image00309.pdf (p.269)
	image00310.pdf (p.270)
	image00311.pdf (p.271)
	image00312.pdf (p.272)
	image00313.pdf (p.273)
	image00315.pdf (p.274)
	image00316.pdf (p.275)
	image00317.pdf (p.276)
	image00318.pdf (p.277)
	image00319.pdf (p.278)
	image00320.pdf (p.279)
	image00321.pdf (p.280)
	image00322.pdf (p.281)
	image00323.pdf (p.282)
	image00324.pdf (p.283)
	image00325.pdf (p.284)
	image00326.pdf (p.285)
	image00327.pdf (p.286)
	image00328.pdf (p.287)
	image00329.pdf (p.288)
	image00330.pdf (p.289)
	image00331.pdf (p.290)
	image00332.pdf (p.291)
	image00333.pdf (p.292)
	image00334.pdf (p.293)
	image00335.pdf (p.294)
	image00336.pdf (p.295)
	image00337.pdf (p.296)
	image00339.pdf (p.297)
	image00340.pdf (p.298)
	image00341.pdf (p.299)
	image00342.pdf (p.300)
	image00343.pdf (p.301)
	image00344.pdf (p.302)
	image00345.pdf (p.303)
	image00346.pdf (p.304)
	image00347.pdf (p.305)
	image00348.pdf (p.306)
	image00349.pdf (p.307)
	image00350.pdf (p.308)
	image00351.pdf (p.309)
	image00352.pdf (p.310)
	image00353.pdf (p.311)
	image00355.pdf (p.312)
	image00356.pdf (p.313)
	image00357.pdf (p.314)
	image00359.pdf (p.315)
	image00360.pdf (p.316)
	image00361.pdf (p.317)
	image00362.pdf (p.318)
	image00363.pdf (p.319)
	image00364.pdf (p.320)
	image00365.pdf (p.321)
	image00366.pdf (p.322)
	image00367.pdf (p.323)
	image00368.pdf (p.324)
	image00370.pdf (p.325)

