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Foreword

It was a pleasure and privilege to write the preface to this
book, Cardiovascular Surgery: A Clinical Casebook. A great
number of books on cardiovascular surgery are written every
year, both here in Brazil and internationally. Some of these
publications deal with a special field or subspecialty. Each
one plays an important role in updating the literature and
educating new trainees. The main limitation of all books is the
time period required to prepare the text for publication,
when new advances will undoubtedly appear in a rapidly
developing specialty such as cardiovascular surgery.

This book has a number of features that make it special —
and therefore make me happy to comment on it here. First,
the text was prepared by graduate medical students in
English, thus fulfilling the recommendation that all medical
students have proficiency in this particular language.
Furthermore, the authors come from different medical
schools and were supervised by an editorial board of profes-
sionals from different academic institutions.

Secondly, the book focuses on clinical cases, with additional
questions and answers based on a particular case. There is also
discussion of the subjects related to the case and literature
references. This format is of utmost practical importance for
students and trainees in cardiovascular surgery. For decades,
our specialty has become progressively more complex and is
incorporating more technology into its practice. Transcatheter
and minimally invasive procedures have introduced even more
complexity into the procedures of cardiovascular surgery.



Vi Foreword

This field can be highly challenging for medical students
and residents. Educational programs and participation in car-
diovascular surgery societies can help in the training of future
specialists. However, the current 5-year minimum duration
for residency is longer than that of other specialties.
Furthermore, there is a greater need for human and financial
resources at the institutions where these younger colleagues
can practice their specialty after training. These factors may
discourage potential candidates from entering the field of
cardiovascular surgery. However, a number of initiatives can
help to increase students’ interest in pursuing a career as a
cardiovascular surgeon and are fundamental to the future of
the specialty, including the academic leagues of cardiovascu-
lar surgery, the participation of students in congresses of the
specialty, and this book, which has been mainly prepared by
students.

Finally, I want to congratulate the medical students who
prepared the cases and participated in other aspects of the
chapters in this book. I also congratulate the supervisors who
supported this initiative and contributed to the quality of the
publication.

Noedir A. G. Stolf

Emeritus and Senior Professor
University of S@o Paulo Medical School
Sao Paulo, SP, Brazil



Preface

The book Cardiovascular Surgery— A Clinical Casebook is a
great team effort from a group of medical students who are
interested in cardiovascular surgery. Born from the wish to
contribute to the development of graduating medical stu-
dents and residents in this specialty, this book was a massive
undertaking by students that belong to academic leagues in
cardiology and cardiovascular surgery, as well as the
Department of Academic Leagues of the Brazilian Society of
Cardiovascular Surgery.

The initial dream for this book was to publish 20 chapters
from different national leagues, but the final publication
ended up having 40 chapters. The book is divided into 12 sec-
tions that are of great importance to this field: aortic disease,
arrhythmias, cardiac tumors, coronary insufficiency, congeni-
tal heart disease, endovascular therapies, heart failure, heart
transplantation, mechanical circulatory support, pericardial
disease, pulmonary embolism, and valvular heart disease.

Each section discusses one or more clinical cases using a
common format, which includes the clinical presentation,
diagnosis, assessment, and treatment. After the clinical case
presentation, the authors of each chapter answer some ques-
tions related to any challenging points, positions that are not
well defined in current practice, and any controversies in a
way that allows the reader to follow a straight line of clinical
judgment. All 40 clinical cases are especially relevant because

vii
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they are common cases that were chosen by the cardiac sur-
geon to orientate the students. The chapters are richly illus-
trated with figures from common imaging examinations and
the surgery itself.

This book can be read from front to back or in no particu-
lar order. It should be consulted when you have a similar
clinical case and have to make clinical or surgical decisions.
Furthermore, it will allow you to see if your clinical judgment
and conduct is similar to or different from those of the chap-
ter’s authors.

This is a unique book for two reasons. First, it was written
and edited by students, under the supervision of cardiovascu-
lar surgeons. Furthermore, it is a work of the medical students
of the Brazilian Society of Cardiovascular Surgery; however,
it was not written in their native language so that a large
number of global students would also have the opportunity to
read it.

Professor Noedir Stolf was invited to write the Introduction
because of his great contributions to cardiac surgery and
medical education. He is a true believer in the formation of
young people in this specialty and is a mentor to a great num-
ber of residents. We personally think that early exposure to
cardiovascular surgery during medical school, in addition to a
true mentor relationship, are the primary factors that influ-
ence a medical school graduate to embrace this specialty.

On behalf of all authors, we hope that you enjoy reading
this book, are able to review the concepts and ideas on all the
cases present herein, and learn from what is described and
the manner in which the patients were treated.

Rui M. S. Almeida

Parand Western State University

Medical School Dean University Center FAG
Cascavel, PR, Brazil
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Aortic Dissection
Associated with
Ischemic Stroke

Rizia Kérem Gongcalves Martiniano, Filipe Alves Nery,
Luciano Castiglioni Andriato, Sergio Rodrigues Maranha,
and Leonardo Cristiano Frigini

Clinical Presentation

O.C.S., a 60-year-old male patient, a smoker, with a medical
history of hypertension under control using captopril 25 mg,
once a day. He was admitted to the emergency room on the
first day with symptoms of cold sweats and angina after fall-
ing from a ladder. Because of the severity of his case, O.C.S
was admitted to the Hospital Silvio Avidos (HSA), located in
Colatina/ES, showing a decreased level of consciousness,
hemiplegia of the left inferior limb, and a deviation of the
labial commissure of mouth. Therefore, some preliminary
clinical tests were performed and he was transferred 2 days
later to Hospital Maternidade Sdo José (HMSJ), also in
Colatina, for better therapeutic approaches.

Because of the serious condition the patient was in, he
was admitted to the Intensive Care Unit of the HMSJ,

R. K. G. Martiniano (P<) - F. A. Nery - L. C. Andriato
S.R.Maranha - L. C. Frigini
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hemodynamically stable, pale (1+/4+), hydrated, and with an
axillary temperature of 377 °C. In the neurological exami-
nation, the patient scored 12 points on the Glasgow Coma
Scale, the pupils were mitotic and reactive to light stimulus,
there was a deviation from the face to the right and hemipa-
resis of the left side of the body with predominance in the
area of the thigh. In the cardiovascular system, the rhythm
was regular, twice with normal heart sounds, but with a sys-
tolic murmur in the aortic focus. The heart rate was at 82
beats per minute, invasive blood pressure of 177 x 61 mmHg,
average arterial blood pressure of 89 mmHg and he also had
preserved capillary perfusion. On physical examination of
the respiratory tract, the patient had vesicular breathing
sounds with diffuse rhonchi, oxygen saturation of 100%, and
a respiratory rate of 20 breaths per minute. There were no
changes in the abdomen and lower limbs. In the genitouri-
nary system, the diuresis was 25 ml, concentrated in a col-
lecting bag. The patient’s glycemic index was 98 mg/dl.
There was no exteriorized bleeding. At the time, antibiotics
were not used.

Diagnosis, Assessment, and Treatment

Before admission, investigative examinations such as com-
puted tomography (CT) of the skull (Fig. 1) were carried out
at Hospital Silvio Avidos. CT showed an area of a recent
ischemic event in the territory of the right middle cerebral
artery and deletion of other grooves cortical of the right brain
hemispheres suggesting edema; a transthoracic echocardio-
gram (TTE) demonstrated mild dilatation of the aortic arch,
with an image suggesting a dissection flap; on CT angiogra-
phy of the abdominal and thoracic aorta (Fig. 2) dilatation of
the ascending segment of the aorta was identified (measuring
5.6 x 5.5 cm in diameter), showing a blade of dissection that
extends at this aortic segment to the arch, observing the exten-
sion of the dissection to the brachiocephalic trunk and left
subclavian artery, with signs of partial thrombosis, including no
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FiGure 2 Computed tomographic angiography of the chest showing
aortic dissection
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opacification of portions of the right common carotid artery
characterized. For that reason, the management involved
maintaining a zero diet with basal serum with glucose and
potassium, strict control of the blood pressure and heart rate
(HR), another electrocardiogram (ECG), X-ray and bio-
chemistry at admission, intense neurological monitoring
because of the risk that the symptoms would worsen; and
assessed the real benefit of the surgical procedure owing to
the extent of the ischemic stroke. With this, the patient’s fam-
ily was informed about the severity of the condition, the
sequelae, and the high probability of death, including during
the perioperative period, regardless of the treatment chosen,
whether conservative or surgical.

After discussing the risks with the family, on the same
day of the patient’s admission to HMSJ, surgery of exchange
of the ascending aorta, correction of its arch, and stent graft
in the descending aorta was performed. The procedure,
which began in the late afternoon, lasted approximately
8 h. Cardiopulmonary bypass (CPB) had been performed
by 145 min, with two concentrates of erythrocytes, and
diuresis of 900 mL. After the operation, the patient needed
a blood transfusion of 20 IU of platelets because the index
was about 60,000 per mm?. After the procedure, the patient
recovered in the ICU, where he stayed for 16 days of inten-
sive support and physiotherapy. Within this period, a tra-
cheostomy and gastrostomy were required on the 7th day
after surgery.

The patient has evolved well, but was transferred to the
high-dependence unit at HMSJ 15 days after surgery, where
he received clinical support and continued under the care of
physiotherapists and speech therapists. After clinical improve-
ment, he was discharged.

There were no complications involving the cardiac proce-
dure. However, the patient remained with sequelae such as
paresis of the left lower limb (LLL) and plegia of the upper
limb (MSE) and remains in outpatient follow-up because of
the ischemic stroke. On returning for the follow-up visit, there
was an improvement of strength in the lower left limb.
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Questions

1. What are the main causes of cerebral vascular accident?

The cerebral vascular accident (CVA) is caused by various
pathological conditions. The etiology may be classified into
three main mechanisms: cardioembolism, atherosclerosis of
the great artery, and occlusion of the small vessels, among
others. Aortic dissection is one possible cause of ischemic
stroke.

2. What are the main causes of aortic dissection?

Hypertension and atherosclerosis occur in 75% of cases.
Marfan syndrome is the etiological agent in approximately
10% of cases. There may be other changes in connective tis-
sue as the Ehler-Danlos syndrome, Behget’s, and others.
Coarctation of the aorta, bicuspid aortic valve, congenital
aortic stenosis and other less frequent causes, such as preg-
nancy, blunt chest trauma, ascending aortic cannulation for a
cardiopulmonary bypass, may also be responsible for aortic
dissection.

3. What tests assist in the diagnosis of aortic dissection?

Transthoracic echocardiography (TTE); transesophageal
echocardiography (TEE); magnetic resonance imaging
(MRI); conventional computed tomography; and aortogra-
phy. All these tests present a diagnostic sensitivity of 65-100%
and a specificity of 85-100%. In addition, coronary angiogra-
phy; helical computed tomography; chest X-ray; and electro-
cardiography are used.

4. What is the pathophysiology of the disease aortic dissection?

The aorta is made of collagen, elastin, and muscle cells that
contribute to the structural integrity, vascular tone, and dis-
tensibility respectively. As we age, the degenerative changes
damage the elastic tissue and cause the loss of smooth muscle.
The disease may be related to the artery intima of a major
break when the pressure of the pulsatile blood flow induces
arterial longitudinal separation of layers. The vasa vasorum
break with the start of intramural hemorrhage is also
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suggested to be the initial event, with subsequent disruption
of the formation of the intima and dissection. Most of these
dissections propagate forward, which leads to poor distal per-
fusion syndromes, but can sometimes result in retrograde
dysfunction and cause the aortic valve or acute myocardial
infarction because of the involvement of the right coronary
artery. Increased pressure within the false lumen induces
relaxation and the collapse of the true light, reducing the cali-
ber and distal hypoperfusion.

5. What are the main signs and symptoms presented in cases
of ischemic stroke related to aortic dissection?

It is indicated by the intense pain, in the form of heartburn in
a type A dissection and in the back in a type B dissection
(according to the Stanford classification). Syncope, dyspnea,
and hemoptysis may occur. Patients tend to have hyperten-
sion and possibly arterial hypotension.

6. What are some of the risk factors for aortic dissection?

Hypertension, age greater than 50 years, smoking, dyslipid-
emia, cocaine, amphetamine, connective tissue disorders
(Marfan syndrome, Loeys—Dietz, Turner, Ehlers—Danlos syn-
drome, among others), vascular inflammation, trauma decel-
eration (car accident), and iatrogenic factors.

7. How is the Stanford classification used?

The Stanford classification distinguishes two types: type A,
which involves the ascending aorta, is more frequent, severe,
and requires urgent surgical treatment; and type B, which
affects only the descending aorta.

8. What is the appropriate approach in cases of combined
aortic dissection and stroke?

When we suspect the diagnosis of aortic dissection, we must,
after the clinical examination, ask for chest X-rays, which may
show a widening of the superior mediastinum, at the expense
of the dilatation of the ascending aorta in contrast with the
normal diameter of the abdominal aorta. If dissection is sus-
pected, evaluation should be supplemented with an aortoiliac
arteriography, except if clinical symptoms of hypotension and
hypovolemic shock are presented. In these cases, the aortoiliac
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arteriography is always performed using the retrograde cath-
eterization technique, usually demonstrating a false lumen;
we see only a reduction in the caliber of the artery.

Once the arteriographic diagnosis of ascending dissection
of the aorta is confirmed, and there are no clinical contrain-
dications, almost all patients are treated by surgery. The surgi-
cal technique consists of the resection of the compromised
aortic segment and its replacement with a Dacron graft. If
necessary, exchange of the aortic valve is carried out at the
same time. The surgical risk is about 20%.

Review of the Addressed Disease
or Treatment

According to the European Society of Cardiology’s defini-
tion, aortic dissection is a break of the middle tunica caused
by intramural bleeding, which causes separation of the layers
of the aorta and the formation of a true lumen and a false
lumen with or without communication. In most the cases, an
intimal tear is the trigger, resulting in a track of blood in a
dissection area with the middle tunica. This whole process is
followed by an aortic break if the adventitia is involved or
reentry into the aortic lumen if a second intima occurs. The
dissection has two main classifications: DeBakey and
Stanford. DeBakey classifies the anatomical topography and
Stanford classifies the extent of the dissection. DeBakey type
I has its origin in the ascending aorta and propagates to a
descending aorta; type II only affects the ascending aorta, and
type III has its origin in the descending aorta. Stanford type
A is when the ascending aorta is involved in the lesion and
type B occurs far from the left subclavian artery. In addition,
dissections that occur only in the aortic arch are classified as
type non-A.

The dissection of the aorta is not a frequent lesion, but has
a high mortality rate. The main predisposing factor is chronic
arterial hypertension, followed by others such as obesity,
smoking and connective tissue diseases. Usually, the patient
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feels a sudden, high-intensity chest, abdominal or interscapu-
lar pain. There may also be other neurological symptoms as a
consequence, such as persistent or transient ischemic stroke
(CVA), spinal cord ischemia, ischemic neuropathy, and
hypoxic encephalopathy.

Ischemic stroke (CVA) is the most frequent neurological
symptom and affects 6-32% of patients with aortic dissection.
It is caused by many pathological conditions. The etiology can
be categorized into three mechanisms: cardioembolism, ath-
erosclerosis of large arteries, and occlusion of small vessels,
and others (unusual or indeterminate etiology). Aortic dis-
section is not a major but is a possible cause of ischemic
stroke. In this case, it may cause abrupt occlusion or narrow-
ing of the proximal extracranial carotid artery or vertebral
artery branches from the aorta causing CVA. The prevalence
of the involvement of supra-aortic branches in aortic dissec-
tion was reported to be 29% by postmortem investigation or
43% by imaging or intraoperative visualization. In particular,
carotid (81%) and right-sided arteries (69%) are frequently
affected.

There are two possible mechanisms for ischemic stroke
secondary to aortic dissection. In the first one, dissection
obstructs the blood flow through the true lumen of branched
arteries, thereby reducing cerebral perfusion and eventually
causing damage to brain tissue. In the second one, in the case
of true lumen reentry, the thrombus is transferred to the dis-
tal portion of the arteries and causes thromboembolism. In
patients with CVA with aortic dissection, the supra-aortic
arteries were involved in 62.5%, whereas others suffered
from ischemic stroke without extension of the dissection
toward the supra-aortic vessels, indicating that stroke is
caused by an embolic mechanism.

Most patients with aortic dissection present with sudden
chest pain and this typical or distinctive pain is indicative of
aortic dissection. However, painless dissection may occur.
The frequency of painless aortic dissection is 6-15%. In the
case of aortic dissection complicated by ischemic stroke,
the presentation of pain may be less frequent. Chest pain at
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the beginning may not be seen in patients with dysfunction
of consciousness or aphasia because of the difficulty
involved in inquiring about the initial symptoms. In addi-
tion, syncope occurs in 6-19% of patients with aortic dis-
section, and this may also hinder recognition of the
condition. The findings may have several implications for
patients with aortic dissection and stroke. In addition to the
chest or back pain that precedes the stroke, a study by
Bossone et al. (2016), and others suggests that a high
degree of suspicion should also be raised for type A aortic
dissection in stroke patients with syncope hypotension,
pulse deficit, and aortic regurgitation. In patients with these
symptoms, early imaging would allow the diagnosis of dis-
section if present to help prevent inadvertent use of fibri-
nolytic therapy, which could lead to fatal outcomes in this
cohort, as thrombolysis can cause critical adverse effects
such as cardiac tamponade or hemothorax.

To diagnose underlying aortic dissection in patients with
early-stage ischemic stroke, chest or back pain at the begin-
ning should be confirmed with the possibility of this disease
in mind. A careful physical examination is also needed to
check the pulse or blood pressure differentials and aortic
regurgitation. A chest X-ray should be routinely performed
to assess mediastinal or aortic enlargement. In addition,
carotid ultrasound imaging is indispensable in identifying
arterial dissection because the non-invasive test can be per-
formed at the bedside without loss of time.

The diagnosis of aortic dissection is confirmed by CT,
MRI, TTE, TEE, or aortography. The sensitivity of these diag-
nostic tests is 65-100% and the specificity is 85-100%.

Bossone et al. (2016) found that an urgent surgical repair
is necessary for aortic dissection because conservative man-
agement is associated with a high incidence of early mortality.
However, some studies suggest that immediate surgical repair
of dissection in the presence of CVA might carry a prohibi-
tive risk associated with hemorrhagic aggravation of an isch-
emic stroke after reperfusion following cardiopulmonary
bypass and complete anticoagulation.
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Bentall-De Bono
Technique in the Ascending
Aorta Aneurysm, Aortic
Regurgitation, and Coronary
Reimplantation

Filipe T. K. S. Almeida, Luana Luiza Vieira,
Adriana Fernandes Silva, Evandro Luis Queiroz Flores,
and Rui M. S. Almeida

Clinical Presentation

J.C.H. a 53-year-old male patient, caucasian race, retired, mar-
ried and catholic. The patient reported recent dyspnea during
moderate effort and had been diagnosed with hypertension
10 years ago, making use of medication. The cardiovascular
physical test identified a regurgitation systolic murmur
(3+/6+) audible in the aortic focus, preserved B1 and hypo-
phonic B2, and palpable ictus displaced inferiorly to the left.
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Diagnosis, Assessment, and Treatment

Additional tests: The electrocardiogram showed sinus rhythm,
heart rate of 70 bpm, and overloading of the left atrium and
ventricle. The 2-D echocardiogram showed a severe aortic
valve insufficiency, due to non-coaptation of the aortic valve
leaflets, with a mild thickening, a LV diastolic dysfunction
with an altered relaxation pattern, enlarged left chambers, an
ascending aortic aneurysm, with an aortic ascending trans-
verse diameter of 65 mm, in its middle third and 61 mm at the
level of the sinus of Valsalva and aortic arch diameter of 31
mm, a left ventricular hypertrophy and an ejection fraction of
50%. Cardiac catheterization found an elevation of Pd2 in the
left ventricle. The aortography showed an aneurysm of the
ascending aorta (Fig. 1b). The aortography showed an aneu-
rysm in the ascending aorta. The left ventriculography shows
dilated left ventricle with hypertrophy and end-systolic vol-
ume increase, due to diffuse hypokinesia (2+/4+). CT angiog-
raphy of the thoracic aorta showed an aneurysm affecting the
entire length of the ascending thoracic aorta and dilation of
the tubular segment and aortic root, with a transverse diam-

Ficure 1 (a) CT angiography of the thoracic aorta, showing an aortic
aneurysm. (b) Ascending aortic aortography also showing an aortic
aneurysm



Bentall-De Bono Technique in the Ascending Aorta... 15

eter of 65 mm in the middle third of the tubular portion and
61 mm in the level of sinus Valsalva (Fig. 1a). The aortic diam-
eter before the emergence of the innominate artery was esti-
mated at 38 mm and the diameter in the middle third of the
aortic arch 33 mm. The isthmus and the descending thoracic
aorta have diameters within the normal range, estimated at
30 and 29 mm, respectively.

Diagnosis: Aneurysm of the ascending aorta and aortic
valve insufficiency.

Treatment: Surgical treatment with Bentall-De Bono tech-
nique and aortic valve and ascending aorta replacement with
the anastomosis of the coronary buttons. On-pump surgery
was performed and the cardioplegic solution used to protect
the heart with Custodiol®.

The patient recovered well from the surgery, and after 2
months, the tests showed no abnormalities. The echocardio-

FiGure 2 CT angiography of the thoracic aorta after treatment
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gram shows the maintenance of normal left ventricular ejec-
tion fraction values. The preoperative 58.5 mm’s valve area
was replaced by the diameter of St. Jude’s valvar tube No. 29,
with 30 mm, as seen in CT (Fig. 2). As a follow-up, it recom-
mends the monitoring of this patient by a cardiologist in the
first 6 months and annually thereafter. If asymptomatic we
perform echocardiography, CT, and prothrombin time tests.

The use of the Bentall-De Bono technique has had lower
mortality rates. Studies show a percentage of 87.17% survival
in patients followed up for 10 years [6].

Questions

1. What are the epidemiological and pathophysiological
features of aortic aneurysms and aortic insufficiency?

It is understood as pathological, the diameter of the ascending
aorta where the aortic dilatation is greater than 50% predicted
for age and body surface of the patient. This results from the
progressive weakening or defect in the layers of the aortic wall
[10]. An aortic regurgitation (AR), in turn, is characterized by
the backflow of blood from the aorta to the left ventricle (LV)
through the aortic valve during diastole. The presence of a
congenital bicuspid aortic valve is considered the more likely
cause of this condition; however, in elderly patients, the most
frequent cause is calcification of the leaflets and in developing
countries, there is a relationship with rheumatic heart disease.
In addition, aortic regurgitation results from primary diseases,
causing dilation of the ascending aorta or sinus of Valsalva [5].

The regurgitated blood increases the final diastolic volume
and wall tension in the left ventricle, causing a progressive
compensatory myocardial hypertrophy. The natural evolution
of this heart condition is characterized, in most cases, by a
lack of symptoms and a normal LV ejection fraction for years.
Diseases that affect the valve ring or ascending aorta and
cause simultaneous AR, such as Marfan and Ehlers-Danlos
syndromes, ankylosing spondylitis, syphilitic aortitis, and
hypertension, should be also considered. In these situations,
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the AR is a consequence of the ostium dilatation, followed by
coaptation failure of the leaflets [7].

2. From the symptomatology of the disease, which additional
tests should be performed?

Some additional tests should jointly assist in clarifying the
diagnostic hypotheses and possibly confirm the diagnosis.
Among them, there is a chest X-ray and the echocardiogra-
phy for AR. The gold standard for the investigation of the
ascending aortic aneurysm is computed tomography (CT)
with iodinated contrast; it is used for diagnosis, monitoring,
and surgical planning. Magnetic resonance imaging (MRI) is
a high-accuracy test, whose advantage is the nonuse of con-
trast and radiation and, however, presents long-time acquisi-
tion of images, which impairs their use in emergencies.

When we suspect an aortic aneurysm, the chest X-ray is
important at the beginning of the evaluation process, because it
can identify abnormalities such as calcification and aortic dila-
tion. To measure the increased diameter, a 2-D echocardiogra-
phy is used. The transesophageal echocardiogram can be used as
a supplement due to the high-accuracy rate for the ascending
aorta, sometimes confirming the initial diagnostic. The CT is use-
ful to visually reconstruct different dimensional planes, provid-
ing a better visualization of an important structure. This exam
also complements the understanding of anatomical structures
with a sensitivity of 98-100%. MRI is highly sensitive as CT and
allows to assess the left ventricular function and the involvement
of aortic branches. The aortic angiography, in turn, fell into dis-
use because it is more invasive and less specific than CT, but it is
important for the evaluation of the coronary arteries.

The AR investigation by chest radiograph shows anatomi-
cal changes such as calcification and cardiomegaly with left
ventricular dilatation expense. Echocardiography can give
information about morphological features of the valve,
assessing the number of brochures, the fusion of the cusps, the
calcification, and the failure of coaptation. It is considered
especially useful in measuring the diastolic and systolic diam-
eter, ejection fraction, and degree of reflux in conjunction
with aortography and MR [4].
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3. What is the classification of the patient as the aortic
regurgitation?
Aortic regurgitation can be divided into four categories mea-
sured by anatomy and valve hemodynamics and the presence
of symptoms. Internships vary among patients at risk for
aortic insufficiency (stage A), with progressive AR medium-
moderate asymptomatic (stage B), with asymptomatic severe
AR (stage C), and with symptomatic AR (D stage) [4, 5].
The patient showed a small calcification in a leaflet of the
aortic valve, ascending aortic aneurysm, left ventricular ejec-
tion fraction of 50% with the presence of dilation, and symp-
toms of dyspnea and angina. So, the patient was classified as
severe AR, stage D.
4. About the therapeutic approach, what types of treatments
this patient could be submitted?

The recommended treatment of AR is the surgery, for valve
replacement in cases of symptomatic patients at rest or after
exercise testing. The valve replacement is also indicated for
patients with lower left ventricular ejection fraction or equal to
50%, although asymptomatic, or those who have other comor-
bidities that require surgical intervention.Until surgery can be
performed, the use of vasodilators is recommended, such as
nifedipine, captopril, and enalapril, which act reducing the dia-
stolic blood pressure and, consequently, the aortic regurgitation.
The patient had an aortic aneurysm, with a diameter greater
than 60 mm, which implies a surgical recommendation grade A,
mainly due to the risk of rupture and/or dissection that
increases 2-30% in similar cases [4, 5].

Clinical treatment is controversial, mainly by the use of
beta-blockers, even reducing the impact of blood on the walls
of the aneurysmal aorta; it can cause side effects by decreas-
ing the elasticity of the same. Thus, the clinical management
involves the regulation of risk factors for rupture of an aneu-
rysm, such as hypertension, dyslipidemia, and evaluation of
correlated genetic diseases [10].

5. How is the surgical procedure done?

The Bentall-De Bono technique - a median transsternal
thoracotomy is performed, followed by the opening of the
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FiGUre 3 (a) The ascending aortic aneurysm in comparison with an
anatomical forceps. (b) The aortic valve, post section, and the but-
tons of the coronary arteries

pericardial sac; the ascending aortic aneurysm and dilated
left ventricle, was viewed (Fig. 3a). The patient is placed in
extracorporeal circulation and hypothermia at 32 °C is
achieved. The aorta is clamped, opened and its structures
visualized; the aneurysmal portion of the ascending aorta
and the aortic cusps are excised, after separating the coro-
nary ostiums, and replaced by a valvar tube with a mechani-
cal valve; both coronary buttons are anastomosed to the
tube(Fig. 3b).

All anastomosis are performed by means of continuous
suture; hemostatic sealant is used. Deairing manouvers are
performed, during reheating and the aortic clamp is opened,
and gradually the patirent is withdraw from the extracorpo-
real circulation. A drain is placed in the anterior mediasti-
num as weel as of two temporary epicardial pacemaker
wires, in the right ventricle and right atrial appendage. A
complete review of hemostasis is performed. Partial closure
of the pericardial sac, sternum and underlying plans, com-
plets the surgery [1].
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6. How is the coronary arteries’ anastomosis technique done?
What is its relevance?

With the patient in cardiopulmonary bypass and hypothermia,
and after removing the calcified aortic valve, the coronary
arteries are removed while maintaining a generous portion of
the aortic wall, called button. This structure is useful for the
coronary implant since it avoids bending and unwanted tissue
tension. After the valved tube placement, the coronary’s
ostium is implanted directly on the prosthesis. When the diam-
eter of an aneurysm is very significant, laterally away from the
ostium, it is advisable to use the second graft between this and
the prosthesis. Such behavior prevents tension on the anasto-
mosis, which is usually the most frequent point of bleeding
after repair. After that, holes are made in the graft on the
opposite sides of the arteries’ ostium, and an adequate amount
of the graft must be left out between the prosthesis’ suture
ring and the new way to the coronary artery. After that, the
anastomosis of the left coronary artery is initially made, all the
suture loops around the bottom edge of the coronary ostium
are placed before pulling, so the area comes close to graft
accurately. Cartwheel stitches are made around the coronary
artery ostium. The right coronary anastomosis is made after
complete anastomosis of the left coronary artery [2, 3].

The procedures that reconstruct the coronary ostium using
homologous or autologous tissues are susceptible to intimal
hyperplasia, thrombosis, or calcification. Furthermore, the
new ostium location after implantation allows easy catheter-
ization in future interventional procedures [2, 3].

7. What are the most common types of complication of the
Bentall-De Bono procedure?

In the short term, the most common complications of the
Bentall-De Bono technique include bleeding due to the posi-
tioning and fixation of the prosthesis or valved tube, which can
result in cardiac tamponade. In addition, a complete heart block
and arrhythmias may occur by an injury to the cardiac conduc-
tion system. The thrombus formation can also happen with the
withdrawal of the stenotic valve structures, mainly causing neu-
rological injuries by embolism and stroke by occlusion.
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The prolonged use of cardiopulmonary bypass should be
considered as a factor that increases the incidence of inflam-
matory reactions and is directly related to the prevalence of
these [3, 8].

8. Did we find any abnormalities in the ascending aortic wall?
During surgery, there was a tear in the tunica intima, of the
ascending aortic wall, with approximately 4 cm in length and
10 cm distally from the aortic valve. The lesion showed signs
of fibrosis, which probably prevented the development of a
dissection (Fig. 4). It is understood that it began as a sponta-
neous aortic dissection due to the rupture of the tunica intima
and the commitment of the tunica media, without tearing it.
There is almost no connection between patients with aortic
regurgitation, ascending aortic aneurysm, and a loss of elastic

FIGURE 4 Lesion in the wall of the ascending aorta
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fibers. Generally, in cases of Marfan syndrome, it is expected
that a preexisting injury is responsible for starting the lacera-
tion and degeneration of the tunica media. However, this
patient did not have specific comorbidities that could cause
histological alterations. Although the patient was hyperten-
sive, the presence of hypertension is not a confirmed cause
for the appearance of spontaneous dissection, but it may
promote the progression of the medial hematoma. Thus,
antihypertensive medications can effectively limit a develop-
ing dissection, justifying its use for tissue healing [6, 7].

Review About the Addressed Disease
or Treatment

Suffering from valvular and vascular comorbidities, the treat-
ment recommended by the AHA/ACC’s guidelines is the
surgery for valve replacement and aortic tube placement.
These guidelines indicate the surgical option to correct the
aortic insufficiency due to the symptoms of the patient during
the moderate effort, ejection fraction lower or equal to 50%,
and vascular comorbidities. Having an aortic diameter greater
than 60 mm, the same procedure is indicated to treat an aneu-
rysm. Thus, the option of performing the Bentall-De Bono
surgery and valve tube implantation was in consonance with
international recommendations.

The high survival rate of the technique, approximately
87% in 10 years, and the long life span of the mechanical
aortic prosthesis were convincing factors to the patient.

The surgery was successful, reducing the aortic diameter to
30 mm and obtaining normal values for left ventricular ejec-
tion fraction. During surgery, a laceration was found in the
tunica intima of the ascending aorta with approximately 4 cm
in length and with signs of fibrosis, indicating a possible early
dissection.

It is recommended for this patient initially semiannual
follow-up and annual after the symptoms cease.
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Clinical Presentation

A 24-year-old woman presented with hypertension since she
was 17 years old. Her past medical history included asthmatic
bronchitis, presenting 3—4 episodes per year, and a Cesarean
section 3 years ago. She denied allergies to medicines and
foods. The medications in use were losartan (50 mg 2 times a
day) and hydrochlorothiazide (25 mg 1 time a day).

Physical examination revealed:

General appearance: a female who is awake and alert and
who appears healthy and looks her stated age

D.T.S. Conceigao (<) - D.T. B. Nakamura - T. P. Dourado
J. B. Lopes - B. da Costa Rocha
Federal University of Bahia (UFBA), Salvador, BA, Brazil

© Springer Nature Switzerland AG 2019 25
R. M. S. Almeida, F. B. Jatene (eds.), Cardiovascular Surgery,
https://doi.org/10.1007/978-3-319-57084-6_3


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-57084-6_3&domain=pdf

26 D. T.S. Conceicao et al.

Vitals: RF 18 ipm, 220 x 120 mmHg arterial pressure in
both right and left superior members; systolic pressure
of 120 mmHg in left inferior member; radial pulse pal-
pation 81 bpm, regular; oxygen saturation level of 97%
in moment of exam

Head: normocephalic; eyes, ears, nose, throat, and mouth
without changes

Neck: without JVD at 45° and other abnormalities in the
trachea, thyroid, or suprasternal notch

Cardiovascular: precordium without lifts or heaves — PMI
not visible; PMI — palpable in fifth ICS, MCL; S1 and S2
heard, without extra sounds and murmurs

Thorax and lungs: without abnormalities in inspection;
resonant at percussion; auscultation clear, with vesicular
breath sounds normal

Abdomen: plan, without scars and striae; palpation super-
ficial and deep without tenderness and masses; liver
edge not palpable

Extremities: lymph nodes not palpable; normal in color
and texture, without cyanosis, clubbing, and
deformities

Neurologic: awake and alert; oriented to person, place, and
time; without other abnormalities

Diagnosis, Assessment, and Treatment

She was submitted to magnetic resonance imaging (MRI),
which showed left ventricle function of 70%, ascending aorta
measuring 28.1 x 31.9 mm in diameter, the proximal aortic
arch of 20 x 18 mm, descending aorta of 18 x 16.6 mm, the
distal aortic arch of 11.7 x 11.3 mm, and interrupted aorta at
isthmus level. Echocardiogram showed left ventricular diam-
eter of 89 x 25 mm, ventricular septum of 8 mm, and left
ventricular ejection fraction (LVEF) of 63%. Cranial CT scan
showed dilated vessels without aneurysms. The patient was
submitted to pneumology evaluation and counseling before
surgery.



Correction of Interrupted Aortic Arch in an Adult... 27

Surgery description: The operative strategy was the correc-
tion of aortic arch interruption performing an ascending-to-
descending aorta bypass. The surgery started with a medium
sternotomy, mainly because of the intense collateral arteries
developed for adults’ survival. Both superior and inferior
vena cava and ascending aorta were cannulated for bypass
circulation. After the cardioplegic arrest, the apex was dislo-
cated superiorly. At this time, the surgeon could open the
posterior pericardium and dissect the descending thoracic
aorta above the diaphragm insertion. A partial clamping of
the descending aorta was made, intense collateral arteries
surrounding surgical field were ligated with hemoclip 200 or
300, and the descending aorta was clamped. An end-to-side
anastomosis with Goretex 18 mm graft was performed; con-
tinuous suture using a 6-0 polypropylene and biological glue
was applied. Partial clamping time was 22 min. A proximal
end-to-side anastomosis was made in the ascending aorta
above the Valsalva aortic sinus, and the graft was settled ante-
riorly to the inferior vena cava. The bypass circulation time
was 120 min.

Postoperative setting: The patient was sent to ICU using
low doses of adrenaline and milrinone. During 48 h in ICU,
the patient had no adverse events and was discharged from
the hospital on the sixth postoperative day. At the time of
writing, she was at the eighth postoperative month and pre-
sented asymptomatic with a good tolerance to exertion.
Physical examination revealed weight of 81 kg, arterial pres-
sure of 130 x 80 mmHg at the left superior member, 140 x 90
mmHg at the right superior member, and systolic above
160 mmHg at the right inferior member. Echocardiogram
showed normal flow through the graft without gradients.
MRI (Figs. 1,2, and 3) showed LVEF of 77%, left ventricular
mass of 251 g, graft diameter of 19 x 19 mm, and great col-
lateral arteries in regression (Fig. 4). She was using losartan
25 mg two times a day and aspirin. The doctor indicated
physical activity, a healthy lifestyle, and endocrinological
counseling.
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Ficure 1 MRI after the ascending-to-descending bypass shows the
graft (red arrow) descending next to the right margin of the heart,
anteriorly to the IVC, and then making a curve on the apex (white
arrow)

Questions

1. What is the diagnosis?

This is a patient with a type A aortic arch interruption. The
interrupted aortic arch (IAA) is a rare congenital cardiac
malformation which causes a completely impervious area in
the aorta. IAA can be divided into three types, based on the
location of the interruption: type A, the second most com-
mon, refers to interruptions located distal to the left subcla-
vian artery; type B, the most common, is located between the
left common carotid and the left subclavian artery; and type
Cislocated between the innominate and left common carotid
arteries. Most cases are associated with other cardiac
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Ficure 2 MRI shows the aortic arch interruption at the aortic isth-
mus level (white arrow) and the end-to-side anastomosis between
the Goretex graft and descending thoracic aorta (red arrow)

abnormalities, such as ventricular septal defect or subaortic
obstruction of the outflow tract, and the isolated form is very
uncommon [4]. Symptoms usually start at the moment of
birth, and they progress fast, requiring neonatal emergency
surgery. If not identified and treated, half of the patients will
die in the following 10 days [8].

2. What is the importance of measuring the blood pressure in
the four members in clinical practice?

In this case, an uncommon isolated and asymptomatic IAA
was found in the patient’s adulthood. However, the diagnosis
could have been made earlier, if pressure measurement of all
four limbs were made, and an early diagnosis could reduce
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FiGure 3 Sagittal view of MRI shows the aortic arch interruption
(white arrow) and the graft (red arrow) on the diaphragmatic surface
of the heart

surgical risks and improve the prognosis of this disease. In
addition, we would like to stress that IAA could also happen
between the innominate and left common carotid arteries,
which would cause a difference in blood pressure of the supe-
rior members.

Blood pressure gradient could also indicate other abnor-
malities, such as aortic coarctations, which are associated with
heart failure, aneurysm or aortic dissection, stroke, and coro-
nary artery disease. Other disorders that could cause an adult
patient to present with blood pressure gradient include arte-
rial obstructive disease (atherosclerosis or thromboembo-
lism), previous surgical ligation, aortic dissection, and
supra-valvar aortic stenosis.
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FiGure 4 This view of the MRI highlights multiple collateral arteries
developed during patient’s life. They persisted even 8 months after
surgery. The great graft flow (red arrow) can be observed

3. What complementary exams can be used for IAA diagnosis?

In those cases, imaging studies can be especially useful.
Exams such as chest radiography, aortography, echocardiog-
raphy, and magnetic resonance imaging could be applied.

4. Why was this patient submitted to cranial CT angiography?

Cases of IAA can be associated with multiple cardiovascular
abnormalities. It is necessary to investigate carotid and intra-
cranial vessels to exclude the possibility of arteriovenous
abnormalities, and angiography, magnetic resonance imaging
(MRI), or computed tomography (CT) scan will be useful
both for the evaluation of the aorta and the Willis polygon
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[2]. Patients under suspicion of coronary disease must be sub-
mitted to coronary angiography.
5. What is surgery indicated in this case?

The surgery indication should be analyzed in each individual
case. In TAA, the correction strategy is usually invasive, and
some surgery techniques can be found in literature: resection
and end-to-end anastomosis, angioplasty with placement of
polytetrafluoroethylene (PTFE) patch, graft placement
(Dacron), and aortoplasty with subclavian flap. In this case,
chosen was graft placement with PTFE graft once it is at the
patient who had an TAA diagnosed in adulthood and had
already developed signs of heart function compromise due to
the disease.

6. How to choose the best surgical approach?

In the literature, there are still discussions about the best
approach. We preferred the median thoracotomy to avoid
multiple collaterals from supra-aortic vessels passing through
intercostal spaces surrounding connective tissue along the
thoracic aorta. Those are friable and might lead to major
bleeding during dissection.

7. Why wasn’t the graft positioned next to the sternum?

The graft was anastomosed and positioned in a way that it
made a curve around the heart’s apex, toward to the dia-
phragmatic surface of the heart. This choice was considered
safer because it prevents graft rupture if a future surgery is
ever needed. Rupturing a graft of that diameter could lead to
fatal bleeding.

8. What is the Aristotle basic complexity score (ABC) of this
patient?

Aristotle score is a comprehensive risk score used to analyze
detailed information about the complexity of congenital
heart surgery. They were considered possible risk factors for
each procedure and assigned scores based on the risk of mor-
tality, morbidity, and surgical difficulty expected. The mini-
mum values of surgical risk range from 0.5 to 15.0, then
specific values are added for each morbidity condition, and
finally, an amount of up to 5 points can be added due to fac-
tors such as anatomical variations, age, and associated proce-
dures. In the case of our patient, her Aristotle score was 7.8.
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9. How important is the use of beta-blockers in the postoperative
period?

One of the most frequent complications in the postoperative
period is persistent hypertension. Postoperative hypertension
is defined as systolic blood pressure >140 mmHg and/or dia-
stolic blood pressure >90 mmHg in two consecutive measure-
ments. Pressure elevations in the postoperative period are
related to pain, anesthesia time, hypoxia, hypothermia, fluid
overload, hypercapnia, and physical or emotional stress, espe-
cially in patients who had a history of hypertension.

The use of beta-blocker reduces hospitalization length
time and improves left ventricular function and left ventricu-
lar remodeling once our patient had an important left ven-
tricular hypertrophy (LV 14 mm) and blood pressure control.
Drug treatment with antihypertensive drugs is indicated.
Beta-blockers, angiotensin-converting enzyme (ACE) inhibi-
tors, and angiotensin receptor blockers are the most appro-
priate, even if there may be a need for a therapy with a
combination of drugs.

Review About the Addressed Disease
or Treatment

Interrupted aortic arch (IAA) is an extremely rare congenital
heart disease, with estimated incidence of three per million live
births [5], and it accounts for less than 1% of all congenital
heart disease [3]. It’s defined as a complete discontinuation
between the aortic arch and the descending aorta, because of
an error during embryonic development, once the aortic arch
segments are derived from different components. In 1959,
Celoria and Patton developed a very useful classification [7]:

Type A: this type occurs at the level of the isthmus, which
is a constriction of the aorta immediately distal to the
left subclavian artery at the point of attachment of the
ductus arteriosus.

Type B: the interruption occurs between the left common
carotid artery and the left subclavian artery.
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Type C:IAA located between the innominate artery take-
off and the left common carotid.

In children, type B is the most prevalent (53-69%) [3,
7], followed by type A (43%) and type C (4%) [3]. After
the ductal closure, most of the children become acidotic
and anuric, and the ischemic injury of many organs may
result in death if the IAA wasn’t corrected. However, a
few children manage to survive, and IAA can be diag-
nosed in adults.

There are 37 published cases in the last 40 years describ-
ing adults with IAA [3]. In adults, the type A appears to be
the most prevalent (79%), followed by types B (16%) and C
(3%) [3].- One of the reasons for this change would be that
the IAA is the “end point” of a coarctation of the aorta [3,
5]. Other hypotheses include the fact that the type A
appears to develop collaterals more easily and types B and
C would have disparate upper extremities pressures, which
were more often diagnosed at the childhood and adoles-
cence [3]. Associated abnormalities are common, including
bicuspid aortic valve, ventricular septal defects, patent duc-
tus arteriosus, mitral stenosis, and persistent left superior
vena cava [5].

The most common symptoms presented by these patients
were hypertension refractory to medical management (70%),
claudication (13%), congestive heart failure (6% ), and aortic
insufficiency (10%) [3]. Patients with refractory hypertension,
presenting a large pressure difference between upper and
lower extremities and diminished pulses at the lower extremi-
ties, should be investigated for IAA. The anatomic diagnosis
can be made using echocardiography, providing information
about the site and length of the interruption, the diameter of
the aortic annulus, and the diameter of the ascending aorta
and if there are associated anomalies. Chest x-ray, cardiac
catheterization, percutaneous angiography, and magnetic
resonance angiography can be used.

The IAA management in adults is mainly surgical. The
sternotomy is the most indicated approach; however, either
the sternotomy or thoracotomy seems to be reasonable
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depending on the size and location of the collaterals [3]. The
end-to-end anastomosis has a limited use in adults, as the
length of the interruption or stenosis can be quite long. The
placement of interposition grafts is often used in an older
population. If the patient needs another procedure, an extra-
anatomic graft can be used. The ascending-to-descending
bypass graft can be indicated for patients who need another
cardiac repair, complicated aortic disease, or aortic arch
hypoplasia [5]. If the patient had a known coarctation as a
child, a percutaneous wire perforation of the septum with
dilation and stent placement within the aorta can be per-
formed [3].

The surgery can be made without cardiopulmonary bypass,
once the collateral flow is sufficient, but it can be used if the
distal aortic pressure fell below 50 mmHg [5]. The cardiopul-
monary bypass and the extra-anatomic graft can also be used
in older patients since the thin walls of the collaterals present
a higher risk of bleeding [5].

Recoarctation and stenosis of the graft can occur with
time, and a catheter-based intervention is a possibility.
Hypertension can persist after IAA correction, especially if
the defect was corrected after the childhood. These patients
have a higher risk for an aneurysm or pseudoaneurysm for-
mation and dissection, and they also should be screened for
intracranial aneurysms at the circle of Willis [5].
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Giant Ruptured Sinus
of Valsalva Aneurysm
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Clinical Presentation

Patient EAC, female, 33-year-old, married, brown, peasant,
presented dyspnea, palpitations, and edema of the lower
limbs for about 15 years, with worsening for approximately
10 months and evolving to dyspnea at rest and paroxysmal
nocturnal dyspnea in recent days. The patient had a personal
history of hypertension, and she was not a smoker or drinker.

On physical examination, the patient was conscious, ori-
ented, responsive, normal colored, hydrated, and cyanotic,
had no fever (36.4 °C) and heated and perfused limbs, and
was without edema and with heart rate of 145 bpm, respira-
tory rate of 20 bpm, oxygen saturation of 96%, and blood
pressure of 92 x 60 mmHg. On examination of the respiratory
system, the vesicular murmur was present in both hemithorax
and no adventitious sounds. Cardiac auscultation was irregu-
lar heart rhythm with a holosystolic murmur (5+/6+) continues
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along the right sternal border. On examination of the abdo-
men, it showed up flabby, not painful on palpation with
important hepatomegaly and fluid sounds.

Diagnosis, Assessment, and Treatment

Laboratory evaluation without significant changes.
Electrocardiogram showed high ventricular response, atrial
fibrillation rhythm, and the presence of polymorphic ventricu-
lar premature beats. Echocardiography showed a significant
increase in cardiac chambers and a significant degree of dif-
fuse hypokinesia of the left ventricle FE (Teicholz): 25%. An
oval image was observed with pendulous movement swinging
the tricuspid valve with a continuity area near the aortic valve
and aortic sinuses. At the Doppler, turbulent flow of high
speed was observed inside the aorta and right chambers (right
coronary aortic sinus berry aneurysm measuring 38 x 43 mm
with fistulation signals). An aneurysm was protruded into the
right chambers, causing coaptation failure of the tricuspid
valve and a significant degree of failure. Aortography con-
firmed aneurysm of the right coronary sinus with rupture and
release of contrast to the right atrium (Figs. 1 and 2).

FIGURE 1 Aortography in OE showing (a) filling the sinus of
Valsalva aneurysm immediately after contrast injection; (b) pedun-
culated image of the aneurysm with communication with the right
sinus of Valsalva
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FiGure 2 Computed tomography of the chest showing the follow-
ing: projection of the sinus of Valsalva emerging and invading the
right atrium; ascending aorta; dilatation of the main pulmonary
artery

The patient underwent surgical excision of the aneurysm
and reconstruction of the right coronary sinus with a bovine
pericardial patch. Cardiopulmonary bypass time was 90 min,
and anoxia time was 79 min. The patient recovered uneventfully
throughout the intraoperative. She was discharged from the
hospital on the eighth postoperative day and evolves, nowadays,
with significant improvement of congestive symptoms.

Questions

1. What are the possible etiologies of a sinus of Valsalva
aneurysm (SVA)?

Sinus of Valsalva aneurysm (SVA) is an abnormality which
may be congenital or acquired. Acquired aneurysms may
result from trauma, infections (endocarditis, syphilis, tubercu-
losis), degenerative diseases (atherosclerosis), systemic
inflammatory diseases (Behcet’s disease, ankylosing spondylitis),
and connective tissue disorders (systemic lupus erythematosus,
Marfan syndrome) or even senile-type dilatation in which the
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three sinuses dilate as a result of the ordinary aging process
[1]. The Takayasu arteritis, an inflammatory arteritis affecting
large vessels, is an extremely rare cause of this disease, with
only one previously reported case.

About the congenital aneurysm, hypotheses suggest that
the aneurysm results from the incomplete fusion of the aor-
topulmonary septum (which forms right coronary aortic
sinus) and interventricular septum (which forms the non-
coronary sinus), creating a transitional tissue between the
fragile sinus and prone to form an aneurysm [1].

2. What is the epidemiology of this aortic disease?

The aneurysmal dilatation of the SV is a rare pathology, con-
stituting about 1% of congenital cardiac anomalies. According
to the literature, the ruptured sinus of Valsalva aneurysm is a
rare condition, ranging between 0.26% and 3.5% of all types
of operations for the treatment of congenital heart diseases.
The incidence has been five times higher in Eastern countries
than in Western countries, based on Japan and India’s num-
bers. It is more frequent in men than in women, and the vast
majority of patients are operated in adulthood. The most
common coexisting injuries are ventricular septal defect
(VSD) and aortic insufficiency, mainly in Asian patients. VSD
is usually related to the ruptured aneurysms in the right sinus
of Valsalva which break in the right ventricle (RV) and are
usually the supracristal type. Some authors noted VSD of this
type in 75% of patients, while others have found 84 % of VSD
in their cases and 100% of sub-arterial type. In Western
patients, the incidence of VSD and aortic insufficiency is
lower, not reaching 50%. Often, the diagnosis is made in the
third or fourth decade of life after the rupture of the aneu-
rysm into a cardiac cavity (most often the right atrium) [2].

3. What is the clinical presentation of a patient with an SVA?

The clinical condition is variable, and it will depend, in most
cases, on the presence or absence of fistula in an aneurysm,
as well as the magnitude of the blood flow through the fis-
tula and its location. In the literature, many patients are
asymptomatic, and routine medical examination can pro-
vide continuous blowing near the location of the fistula, and
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about 45% of the patients may have angina or cardiac insuf-
ficiency symptoms [3].

4. What is the pathophysiology of heart failure in an SVA
patient?

The decompensation occurs mainly after the rupture of the
aneurysm (more frequent in right chambers). With the
rupture or fistula of the aneurysm to the right chambers,
there is an increased blood flow in the pulmonary artery
and a volume overload to the left chambers. After the loss
of compensatory mechanisms, the failure of the left ven-
tricle occurs [4].

5. What are the methods used to diagnose an SVA?

The diagnosis by clinical examination is difficult due to the
variety of symptoms that can be manifested. The chest radi-
ography shows unspecific changes to SVA. It can show
increased cardiothoracic index, dilation of the aortic button
and the left ventricle, and even associated arrhythmias.

The two-dimensional color Doppler echocardiography
and transesophageal echocardiography are noninvasive tests,
with low risk, that determine the precise anatomy of the sinus
of Valsalva and identify associated heart diseases and the
effect of them on the heart. Aortography and coronarography
can define the structure of the aneurysm and relate it to the
coronary anatomy [5].

6. What is the appropriate management of an SVA patient?

The early surgical repair of SVA is the treatment of choice in
symptomatic patients and in cases of aneurysm rupture. The
optimal management is less clear for asymptomatic not-
ruptured aneurysms. The operative risk is low, and the long-
term outcome is good. The straight closure can cause or
worsen aortic regurgitation by deformation of the aortic
annulus and may also be responsible for relapses. Thus, the
lock by the graft is recommended even when the hole is small,
as was done in this case. Other incisions (atriotomy, ventricu-
lotomy) can be performed when there is rupture of the aneu-
rysm into other cardiac chambers or when there are associated
abnormalities [6].
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7. What are the main complications of SVA ?

The ruptured SVA, generally symptomatic, have a poor prog-
nosis and may set a catastrophic event; they may present
complications related to their break:

(a) Cardiac tamponade, to drain the pericardium

(b) Cardiac insufficiency, when it drains into the heart
chambers

(c) Arrhythmias and/or bundle branch block

The unruptured SVA are usually asymptomatic. There
are reports of patients diagnosed with SVA after complain-
ing of angina pectoris caused by compression of the coro-
nary artery [5].

8. What is the prognosis for patients with this malformation?

The rupture of the SV is associated with a high mortality, and
life expectancy of these patients is less than 4 years, so surgi-
cal correction is the recommended treatment. Operative
mortality is less than 5%, and the long-term results are excel-
lent (85% of patients were in functional class I in the mean
follow-up of 11.1 years). The risk of recurrence is low. In
particular cases, the closure of fistulas percutaneously is
already an option. Late deaths, as well as reoperations, are
usually related to the replacement or repair of the aortic
valve [5].

Review About the Addressed Disease
or Treatment

Sinus of Valsalva aneurysms (SVA) are rare, and they present
a varied symptomatology. This case presents a patient with
symptoms of a long-term heart failure and progressive clini-
cal worsening due to late diagnosis.

The early diagnosis can prevent complications such as sig-
nificant dilation of the cardiac chambers, ejection fraction
decrease, and the development of atrial fibrillation. In this
case, the patient was admitted for decompensated heart fail-
ure, classified in functional class IV (NYHA), and with atrial
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fibrillation with rapid ventricular response [6]. The initial
treatment was the clinical compensation with diuretics and
the control of heart rate; therefore, hospitalization in the
intensive care unit was necessary [6].

An emergency echocardiogram was conducted, which
showed an SVA and significant systolic dysfunction. After
clinical stability, the transesophageal examination confirmed
an SVA projecting into the right atrium and large turbulent
flow into the right chambers (volume overload). In the long
run, the fistula or aneurysm’s rupture caused the progressive
dilatation of the right and left chambers. The right ventricle is
the most common fistula site (60-90% ) followed by the right
atrium.

The sinus of Valsalva aneurysms are classified according to
the affected sinus and protrusion or rupture in [5]:

Type I: connection between the right coronary sinus and
the outflow tract of the right ventricle, with the pulmo-
nary valve

Type II: connection between the right coronary sinus and
the right ventricle in supraventricular crest

Type Illa: right coronary sinus and right atrium

Type Illv: posterior region of the right coronary sinus and
right ventricle

Type III (a + v): right coronary sinus and both, the atrium
and right ventricle

Type I'V: no coronary sinus and right atrium

As stated in the literature, the diagnosis is most commonly
performed after the rupture of the aneurysm by rapid pro-
gression of heart failure. In this case, in the absence of symp-
toms of other conditions and changes in laboratory tests,
congenital etiology was considered the most likely.

There are many complications of SVA, which may be cited
as follows:

1. Potential risks of expansion, rupture, heart failure, and sud-
den death

2. Acute myocardial infarction by coronary artery
compression
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3. Total atrioventricular block (compression of conducting
tissues and atrioventricular node)

4. Right ventricular outflow obstruction

. Infective endocarditis

6. Pericardial tamponade

91

In addition to the complications, the SVA can follow other
congenital anomalies: VSD (30-60%), bicuspid aortic valve
(15-20%), and aortic insufficiency (44-5%). It affects up to
10% of patients with the Marfan syndrome [7].

The initial pharmacological treatment could offset the
symptoms of heart failure. The persistence of the left-right
shunt maintains a constant volume overload cycle of the
heart chambers, and thus, the risk of new decompensation is
high. Therefore, the definitive treatment is the correction of
the causative agent, in other words surgery with resection of
the aneurysmal sac and anatomical reconstruction of the
coronary sinus.

The prognosis after surgical treatment is excellent, mainly
with a fast and accurate diagnosis. In this case, the diagnosis
was made by echocardiography and aortography.
Angiotomography with three-dimensional reconstruction has
been used because it allows a correlation between the find-
ings of the aneurysm and the coronary anatomy [5].
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Clinical Presentation

A S7-year-old woman with hypertension, dyslipidemia, past
history of smoking, past history of tuberculosis, and asymp-
tomatic heart murmur during childhood was admitted due to
complaints of shortness of breath on exertion, chest pain
upon exertion radiating to the back, and episodes of tachycar-
dia, with a history of a syncope episode 6 months ago after
her mother’s death and a presyncope 1 month ago associated
with a hypertensive crisis. The patient was in the regular use
of 25 mg of hydrochlorothiazide and 25 mg of losartan twice
a day and 50 mg of atenolol every 8 h. Examination revealed
the following: weight, 64 kg; height, 155 cm tall, blood pres-
sure, 188/96 mmHg in the left arm and 175/101 mmHg in the
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right arm; and a systolic heart murmur that was heard all over
the cardiac area radiating to the back. The remainder of the
examination was normal.

Diagnosis, Assessment, and Treatment

The patient was evaluated after drug optimization and hyper-
tension control, and a chest X-ray and a new echocardiogra-
phy were performed in our service. The echocardiography
showed a perimembranous ventricular septal defect (VSD)
partially occluded by a tricuspid tissue, measuring 7 mm in
diameter with a left-to-right shunt (pressure gradient of
125 mmHg), Qp:Qs of 1.90, left ventricular ejection fraction
of 56%, and a dilated and hypertrophic left ventricle with
mild systolic dysfunction. Chest X-ray presented an expand-
ing opacity in the right mediastinum blurring the cardiac area,
suggesting a large mass.

A contrast-enhanced computed tomography (CT) angiog-
raphy was then performed to evaluate the radiographic find-
ings and revealed (Fig. 1):

e A dilated (39 mm) ascending aorta

e A right aortic arch with a retroesophageal elongated and
tortuous segment whose branches emerged in the follow-
ing order: 1. left common carotid artery, 2. right common
carotid artery, 3. right subclavian artery, and 4. left subcla-
vian artery (elongated and tortuous)

e A saccular aneurysm with calcified walls on the middle
third measuring 92 x 73 mm, partially compressing the
right subclavian artery, the innominate veins, and the
esophagus

The patient was then submitted to preoperative coronary
CT (no obstructive lesions) and to right cardiac catheteriza-
tion that showed a mild pulmonary hypertension (systolic
pulmonary artery pressure (SPAP), 45 mmHg) and mild
increase in pulmonary vascular resistance (PVR, 4.1 UW).

Surgical treatment was indicated to correct the aortic arch
aneurysm altogether with the VSD. The cardiopulmonary
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FiGURE 1 Preoperative three-dimensional computed tomography
reconstruction of the thoracic aorta showing the retroesophageal right
aortic arch and the aneurysm emerging from the arch. (a) Frontal
view. (b) Right side view (A A ascending aorta, DA descending aorta,
An aneurysm, RAAr right aortic arch, REAo retroesophageal aorta,
CCAS common carotid arteries, RCCA right common carotid artery,
RSA right subclavian artery, LSA left subclavian artery)

bypass (CPB) was performed with a double arterial cannula
(distal ascending aorta and right femoral artery) and a double
venous cannula (superior and inferior vena cava), associated
with a 32 °C hypothermia. Cardioplegia was achieved through
antegrade (aorta) and retrograde (coronary sinus) cannula-
tion with cold solution (St. Thomas number 2) every 15 min.
The aorta was cross-clamped and sectioned after the origin of
the carotid arteries, and before the aneurysm, with stitches
placed in a two-plane suture at the proximal end with
Polypropylene 5.0. Another cross-clamp and section were
performed immediately after the aneurysm end and the right
subclavian artery origin, with an interposition of an 18-mm
Dacron graftsutured with continuousstitches of Polypropylene
5.0, creating an aortic bypass from the ascending aorta to the
retroesophageal portion of the aorta (Fig. 3, IG1). The right
subclavian artery was sutured in a terminoterminal anasto-
mosis to a 10-mm Dacron tube that was interposed with a
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FiGURE 2 Postoperative three-dimensional computed tomography
reconstruction of the thoracic aorta (AA ascending aorta, PT pul-
monary trunk, REAo retroesophageal aorta, DA descending aorta,
RCCA right common carotid artery, LCCA left common carotid
artery, RSA right subclavian artery, LSA left subclavian artery, IG2
second interposition graft)

terminolateral suture to the ascending aorta (Figs. 2 and 3,
IG2). The ventricular septoplasty was then performed with a
double U-stitch suture through a right atriotomy. The patient
was rewarmed and successfully weaned from CPB after
122 min and after 76 min of aortic cross-clamping.

After surgery, the patient was admitted to the ICU heno-
dinamically stable under 7 mcg/kg/min of dobutamine and
0.4 mcg/kg/min of nitroprusside, which were totally weaned
after 24 h. The patient remained hospitalized in the ICU for
a period of 10 days due to respiratory insufficiency requiring
reintubation and a right upper lobar pneumonia treated with
cefepime for 4 days, changing to polymyxin B, meropenem,
and vancomycin for completion, as a complication of transi-
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FIGURE 3 Postoperative three-dimensional computed tomography
reconstruction of the thoracic aorta (a) Left side view. (b) Right side
view (A A ascending aorta, PT pulmonary trunk, REAo retroesoph-
ageal aorta, DA descending aorta, CCAS common carotid arteries,
RCCA right common carotid artery, LCCA left common carotid
artery, RSA right subclavian artery, LSA left subclavian artery, IG1
first interposition graft, IG2 second interposition graft)

tory diaphragmatic paresis due to neuropraxis of the phrenic
nerve and tuberculosis sequelae in the right upper pulmo-
nary lobe. After 29 days’ postsurgery, the patient was dis-
charged with mild respiratory distress and improvement of
lung auscultation, with no sign of infectious process. On a
1-month follow-up consultation, she presented complete
remission of chest pain and improvement of respiratory
symptoms.

Questions

1. What are vascular rings?

The term vascular ring was first used to refer to vascular
anomalies that encircled the intrathoracic portion of the
esophagus and trachea, leading to various degrees of com-
pressions and symptoms depending on the tightness of the
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ring ([S]: 511). A vascular ring is an aortic arch or pulmonary
artery anomaly that presents an abnormal relationship with
the esophagus and trachea, often causing compression symp-
toms (dysphagia and/or respiratory symptoms) ([6]: 1435).
The first vascular ring described was a double aortic arch
noted by Hommel in 1737 Bayford reported retroesophageal
right subclavian artery in 1794 after performing an autopsy on
a woman who had experienced dysphagia for years and died
of starvation. Maude Abbott described five cases of double
aortic arch in 1932 and made the suggestion that surgical
intervention should be undertaken in such cases. Finally, in
1945, Gross used the term vascular ring in the publication that
he wrote after performing the first successful division of a
double aortic arch. Since that time, numerous reports of suc-
cessful treatment have occurred, and the forms of aortic arch
anomalies causing this problem have been well delineated [3].
2. How is the aortic arch formed during the embryonic period?

The aorta and the supra-aortic vessels originated from sev-
eral structures during the embryonic development. By the
fifth week of embryogenesis, the ascending aorta is formed
through the division of the truncus arteriosus by the truncal
ridges (posteriorly fusing with the bulbar ridges and forming
the aorticopulmonary septum) as it undergoes a 180° spin,
originating the ascending aorta and the pulmonary trunk.
Almost simultaneously, by the fourth week of gestation, the
pharyngeal arch arteries start developing altogether with the
pharyngeal arches and will originate the aortic arch, the
supra-aortic vessels, the pulmonary arteries, and the ductus
arteriosus ([8]: 324).

The pharyngeal arch arteries are composed of six pairs
of arteries connecting the aortic sac (dilated segment at
the distal end of the truncus arteriosus) to the ipsilateral
dorsal aorta. However, these pairs of arteries are not all
present at the same time and are formed progressively and
simultaneously disappear, leaving by the eighth week the
final arterial arrangement. The aortic arch originated from
the aortic sac, the left fourth pharyngeal arch artery and
the left dorsal aorta, with its left curvature formed through
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FiGUre 4 Schematic drawings representing the embryonic forma-
tion of the adult arterial pattern. (a) Pharyngeal arch arteries and
dorsal aortas at the sixth week of pregnancy. (b) Adult arterial pat-
tern ({llustrations by Daniel Ferreira and Marcus Ferreira)

the regression of a segment of the right dorsal aorta
(Fig. 4). The left dorsal aorta completes the aorta, originat-
ing the descending aorta ([8]: 326).

3. How is a vascular ring formed during the embryonic period?

This congenital malformation originates during the formation
of the adult arterial system from the pharyngeal arch arterial
system when the arteries that should disappear persist or
when arteries that should persist disappear. The failure of the
pharyngeal arch arteries to form, fuse, or disappear may lead
to a vascular ring formation ([8]: 327). The types of malforma-
tion that may occur will be further discussed in the next topic.
4. What types of vascular rings do exist?

There are five major types of vascular rings described in the
medical literature ([6]: 1435). They can be further divided into
two groups accordingly to the presence or not of a continuous
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structure encircling the trachea and the esophagus, despite
the presence or not of compressive symptoms: complete or
incomplete ([5]: 514).

Complete Vascular Rings

e Double aortic arch: This is the most common form of vas-
cular ring and is a result of the failure of the distal part of
the right dorsal aorta to disappear, with the persistent
fourth pharyngeal arches originating two arches (a left one
immediately before the trachea and a right one behind the
esophagus) with a single left descending aorta. Usually,
only one arch is patent, but if they both are, the right arch
is usually larger. These two arches’ fusion may lead to com-
pression of the structures trapped inside the ring, causing
the associated symptoms.

e Right aortic arch: This type of vascular ring is formed due
to the abnormal persistence of the right dorsal aorta, dis-
appearing the left dorsal aorta. The ring is completed by a
left ductus or ligamentum arteriosum, but rarely it com-
promises any structures or promotes symptoms. Usually,
the symptomatic forms are accompanied by a Kommerell
diverticulum.

e Retroesophageal aortic arch: A rarer and more compli-
cated form of a vascular ring that can be either formed by
a right aortic arch with a descending left aorta or by a left
aortic arch and descending right aorta. The ring is also
completed by a right- or left-sided ligamentum arteriosum
and may cause tracheal compression.

Incomplete Vascular Rings

e Anomalous origin of the right subclavian artery: Despite
being described in this group, rarely is a vascular ring
formed in this anomaly (only in the presence of a right
ligamentum arteriosum). The right subclavian artery has
an aberrant origin at the distal end of the aortic arch and
runs posterior to the esophagus to supply the right upper
limb. Symptoms are only present in 5% of patient in adult
age due to the rigidity of the vessel passing behind the
esophagus.
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e Pulmonary artery sling: Here the left pulmonary artery
arises from the right pulmonary artery and runs behind
the trachea and anteriorly to the esophagus. There might
be significant hypoplasia of the bronchial tree, and
symptoms are usually related to respiratory tract
compression.

5. What are the associated anatomical anomalies that may occur?

The anatomical compression of the airways might contribute
to abnormal development of the tracheobronchial tree lead-
ing to tracheomalacia (usually in the double aortic arch and
right aortic arch) and trachea stenosis (pulmonary artery
sling). Other cardiac malformations have been reported, such
as ventricular septal defect, tetralogy of Fallot, transposition
of the great vessels, truncus arteriosus, coarctation of the
aorta, and patent ductus arteriosus ([5]: 517).

Reports on the medical literature also associate vascular
rings to numerous different congenital malformations and
chromosomic syndromes. Renal agenesis, cross-fused ectopia,
horseshoe kidney, tracheoesophageal fistula, hiatus hernia,
diaphragmatic eventration, imperforate and ectopic anus,
PHACE syndrome, and Down syndrome are some of the
previously described ([5]: 515). In a case series reported by
McElhinney et al. ([7]: 2115), the association with the deletion
of chromosome 22ql1 was present in 24% of patients and
should be suspected in the presence of other congenital
anomalies.

6. How frequent are vascular rings in the general population?

The prevalence of vascular rings is estimated in 0.1-3% of the
adult population, and it represents approximately 1% of all
cases of congenital heart defects that are surgically corrected
([2]: 975). They occur equally distributed by gender, with no
predilection for race or geographical location ([5]: 513).
However, the available data comes from old studies, and
there are no more current studies that have evaluated its inci-
dence or prevalence, mainly due to its rarity among congeni-
tal malformations and its multiple presentations and
variations.
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7. How do vascular rings clinically present?

The presence, age of onset, and severity of the symptoms
depend on the type of vascular ring and on the degree of
constriction of the esophagus and trachea. Some patients
with incomplete rings may be asymptomatic, and diagnosis
may only be made incidentally during the evaluation of
chronic heart disease at adult age. Most of the symptomatic
cases are identified early in life, with some case being investi-
gated for complaints about dysphagia later in childhood and
other cases never to be diagnosed ([6]: 1435).

When present, the most classical symptoms consist mainly
of respiratory and digestive symptoms. Respiratory manifes-
tations are present in 70-97% of symptomatic cases and
include respiratory distress, cyanosis, chest pain, stridor,
wheezing, seal-bark cough, apnea, and recurrent respiratory
infections, usually in the first year of life. Later in childhood,
with the introduction of solid diet, patients may present
feeding problems such as dysphagia, slow feeding, and neck
extension while eating. Since the clinical manifestations may
also be present in other prevalent diseases of infancy such as
asthma and gastroesophageal reflux, misdiagnosis is com-
mon and may delay by several years the correct diagnosis
([5]: 515).

8. What imaging studies should be requested upon clinical
suspicion?

Clinical suspicion is essential to initiate the investigation of
the symptoms; thus imaging studies that usually include chest
radiography, bronchoscopy, barium esophagogram, echocar-
diography, cardiac magnetic resonance imaging, and com-
puted tomography angiography should be requested upon
clinical suspicion. Radiography is the first line of investiga-
tion with great negative predictive value and may provide
evidence of a right- or a left-sided aortic arch (compared to
the tracheal position), airway narrowing and bowing, hyper-
inflation of lung fields, retrotracheal opacity, and posterior
indentation of the esophagus on barium esophagogram.
Bronchoscopy may differentiate dynamic from static com-
pression of airway and level and extent of compression and
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discard other conditions and should be provided to all
patients prior to surgery ([5]: 515).

Upon suspicious image, other imaging studies are required
to confirm the diagnosis and further evaluate the anatomy
and compromise of adjacent structures. The echocardiogra-
phy may identify the laterality of the aortic arch, anomalous
branching, and associated cardiac defects. Magnetic reso-
nance imaging and computed tomography angiography are
the preferred modes of evaluation of vascular rings and are
essential for the determination of the treatment plan. The
gold standard for the evaluation of the aorta and its branches
is the magnetic resonance imaging, with the disadvantage of
requiring deep sedation and general anesthesia in children.
Cross-sectional studies can provide detailed anatomic assess-
ment and evaluation of posterior vascular structures, required
prior to a surgical approach, especially by video-assisted tho-
racoscopic techniques ([6]: 1435; [5]: 522).

Prenatal diagnosis is nowadays becoming more common

with the widespread use of prenatal ultrasound. Upon suspi-
cion, fetal echocardiography with color Doppler investigation
is warranted, and detection of vascular rings should be fol-
lowed by appropriate counseling at a specialist center to
prepare for delivery in the best available conditions ([5]: 522).
Prenatal diagnosis of the presence and type of vascular ring
can be accurately provided in 68-100% of cases, but should
not preclude postnatal confirmation through other imaging
studies ([2]: 975).
9. When and how should surgical intervention be performed?
The presence of symptoms and the evaluation anatomy of the
malformation are essential for indication surgery ([6]: 1435).
Symptomatic cases may require early intervention in order to
prevent the effects of prolonged vascular and airway com-
pression (loss of weight, failure to thrive). The surgical
approach may vary depending on the type and associated
anomalies and may be achieved through open or video-
assisted thoracoscopic surgery (VATS) ([5]: 522).

Surgical division of the vascular ring is the main proce-
dure performed, but may be unnecessary or insufficient in
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some cases requiring extra-anatomic reconstructions.
Konstantinov and Puga ([4]: 2021) described a 32-year-old
patient with right aortic arch, Kommerell diverticulum, and
anomalous origin of the left subclavian artery submitted to
the division of the left-sided ligamentum arteriosum with-
out improvement, requiring resection of the aortic arch and
diverticulum associated with surgical bypass (ascending-
descending retrocardiac interposition graft). In another
report, Emil de Goma et al. ([1]: 2375) described a patient
with right aortic arch causing tracheal compression treated
singly with sling wrapped around the ascending aorta and
second ribs.

10. What is the prognosis before and after surgery?

Vascular rings when occurring as isolated anomalies may
present a benign prognosis, sometimes without repercussion
through lifetime. Prolonged symptomatic cases may lead to
failure to thrive, low weight during infancy, and even more
serious complications due to apneic episodes. However,
they are prevented through early surgery that can be per-
formed with low morbidity and mortality ([5]: 522). Tracheal
narrowing requiring surgical intervention increases the
mortality rate, as does its association with intracardiac mal-
formations ([6]: 1435). Sudden death or further tracheo-
bronchial damage may occur in cases with delayed
intervention, reinforcing the need for prompt investigation
of all cases ([5]: 522).

Patients respond well to surgery, with significant improve-
ment in symptoms, even in the immediate postoperative.
After repair, the patients should be examined for the persis-
tence of respiratory symptoms, since rarely symptoms resolve
immediately after surgery, usually persisting for another 6
months. If there are any residual symptoms, some exercise
restrictions may apply, as cardiologist follow-up is recom-
mended. Despite that, there will be no restrictions to exercise
and no increased susceptibility to the development of arrhyth-
mias or sudden death. Pregnancy may be undertaken without
added risk if there is no persistence of significant respiratory
obstruction [9].
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Review About the Addressed Disease
or Treatment

Vascular rings are abnormalities that originated from the
impaired regression or persistence of the pharyngeal arteries
and dorsal aorta, which leads to an abnormal relationship
between the aorta/pulmonary trunk and the esophagus/tra-
chea. The presence of compressive symptoms is further deter-
mined by the type of vascular ring formed, especially in the
presence of complete vascular rings, and might lead to further
malformations of the tracheobronchial tree. Despite these
local consequences, other cardiac malformations and chro-
mosomic syndromes have been described altogether and
should be part of the initial investigation upon the diagnosis
of a vascular ring.

Although unknown by many healthcare providers, vascu-
lar rings are estimated to be present in 0.1-3% of the general
population, despite the lack of sufficient data due to its rarity.
Most of the cases that are diagnosed usually become appar-
ent in early life due to compressive symptoms, but some
patients, especially with incomplete rings, might remain
asymptomatic through a lifetime and remain undiagnosed.
Special attention should be given to patients that present
with respiratory and digestive symptoms, such as dyspnea,
cyanosis, chest pain, stridor, wheezing, seal-bark cough,
apnea, recurrent respiratory infections, and dysphagia, and
slow feeding and neck extension while eating in later child-
hood. Since there are more common causes of these symp-
toms, vascular rings should not come as the main hypothesis
but remain as a differential diagnosis not to be missed in
these cases. In other words, clinical suspicion is of the essence
to the diagnosis.

Initial investigation of symptomatic cases should include
imaging studies, with radiography being used as first-line
exam due to its high sensitivity. Upon a suspicious image, fur-
ther investigation should include other image modalities to
confirm the diagnosis, better understand its anatomy, and
evaluate adjacent structures compromise. Magnetic resonance
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imaging (gold standard) and computed tomography angiogra-
phy are the preferred modes of evaluation due to the details
they provide, but echocardiogram, bronchoscopy, and esopha-
gogram may be as well useful. One brief commentary should
be made on prenatal diagnosis since due to the widespread
use of prenatal ultrasound, more and more cases of cardiac
anomalies have been suspected. Upon suspicion, fetal echo-
cardiography with color Doppler investigation is warranted,
with further follow-up by a specialist center and postnatal
confirmation studies.

Surgical intervention is indicated upon the presence or not
of symptoms and the complexity of the anatomy of the mal-
formation, where compression of adjacent structures might
require early correction to relief symptoms. Surgical division
of the vascular ring may be achieved through open or video-
assisted thoracoscopic surgery (VATS), but the surgical strat-
egy may change in the presence of concomitant malformations.
Despite the worse prognosis related to the presence of diges-
tive or tracheobronchial compression (failure to thrive and
apneic episodes), its correction presents low morbidity and
mortality and leads to early relief in symptoms and good
long-term prognosis. In cases where symptoms persist after 6
months, however, the therapy should focus on symptomatic
relief only, since there are no additional risks or restrictions
related to physical activities or pregnancy. In contrast, when
vascular rings present as isolated and asymptomatic anoma-
lies, patients might present no repercussion through lifetime
and remain undiagnosed.

Bibliography

1. de Gomma EM, Wright CD, Pelikan PC, Leal JE, Karlsberg
RP. Surgically corrected right-sided aortic arch. J Am Coll
Cardiol. 2011;57(23):2375.

2. Galindo A, Nieto O, Nieto MT, Rodriguez-Martin OM, Herraiz
I, Escribano D, Granados MA. Prenatal diagnosis of right aortic
arch: associated findings, pregnancy outcome, and clinical signifi-
cance of vascular rings. Prenat Diagn. 2009;29:975-81.



Retroesophageal Right Aortic Arch Associated... 61

. Hardin RE, Brevetti GR, Sanusi M, Bhaskaran D, Burack
JR, Genovesi MH, Lowery RC, Rafii S, Bondi E. Treatment
of symptomatic vascular rings in the elderly. Tex Heart Inst J.
2005;32(3):411-5.

. Konstantinov IE, Puga FJ. Surgical treatment of persistent esoph-
ageal compression by an unusual form of right aortic arch. Ann
Thorac Surg. 2001;72:2121-3.

. Licari A, Rispoli GA, Mannarino S, Pelizzo G, Marseglia
GL. Congenital vascular rings: a clinical challenge for the pedia-
trician. Pediatr Pulmonol. 2015;50:511-24.

. Mann DL, Zipes DP, Libby P. Braunwald’s heart disease: a text-
book of cardiovascular medicine. 10th ed. Philadelphia: Saunders
Elsevier; 2015.

. McElhinney DB, Clark BJ, Weinberg PM, Kenton ML,
McDonald-McGinn D, Driscoll DA, Zackai EH, Goldmuntz
E. Association of chromosome 22ql1 deletion with isolated
anomalies of aortic arch laterality and branching. J Am Coll
Cardiol. 2001;37(8):2114-9.

. Moore KL, Persaud TVN, Torchia MG. The developing human:
clinically oriented embryology. 9th ed. Philadelphia: Saunders
Elsevier; 2013.

. Suh YJ, Kim GB, Kwon BS, Bae EJ, Noh CI, Lim HG, Kim WH,
Lee JR, Kim YJ. clinical course of vascular rings and risk factors
associated with mortality. Korean Circ J. 2012;42:252-8.



®

Check for
updates

Aortic Aneurysm

Yuri Justi Jardim and Antonio Eduardo Zerati

Clinical Presentation

NNC, female, 74 years, retired, and born and raised in Sao
Paulo, SP.

Clinical examination: Good general condition. Mucous
stained. Hydrated, afebrile, acyanotic, and eupneic. Conscious,
vile, and oriented. FC, 70 bpm, and FR, 18 ipm. Temperature,
36.5 °C. No jugular stasis. Nonpalpable ganglia. Thyroid with
normal appearance and consistency. Abdominal examination:
flat abdomen, with no scars or marks. Aircraft noise present.
Cardiology examination: heart with rhythmic sounds, without
blows. Ictus not palpable. Palpable and symmetrical carotid
and brachial pulses. Normal and symmetrical popliteal, mal-
leolar, and pedicular pulses. No edema or signs of TVP.

Pulmonary exam: Thorax with normal appearance (nor-
mal skin, shape, and rhythm). Expansivity and symmetrical
thoraco vocal sympathies in all fields. Vesicular murmurs
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present, with clear pulmonary sound. No snoring, wheezing,
or crackling. Normal voice listening.

Patient with thoracoabdominal aortic aneurysm diagnosed
during the investigation for hepatic hemangioma.
Asymptomatic in regard to the aneurysm.

Diagnosis, Assessment, and Treatment

Considering the maximum transverse diameter of the aneu-
rysm of the aorta, the option was the indication for surgical
treatment.

As for the technique, because of the high surgical risk
posed by patient age and its comorbidities, we chose the
endovascular due to its less invasive nature, aimed at mini-
mizing the risk of complications.

Less diseased areas of the aorta, with the nearest normal
diameter limits, are the most appropriate to support the
proximal and distal ends of the stent. For this concept, in this
case, the proximal stent should be positioned at the emer-
gence of the left common carotid artery, covering the ostium
of the left subclavian artery. The distal most suitable support,
in turn, should be the aorta below the origin of the renal
arteries. Thus, with the coverage of this entire segment of the
aorta, there is a need for revascularization of the celiac trunk,
the superior mesenteric artery, and the renal arteries.
Therefore, surgical planning was based on the use of a
branched prosthesis to the celiac trunk and fenestrated to the
superior mesenteric artery and renal arteries.

Thus, based on angiotomographic study, the project of the
customized stent adapted to the anatomical characteristics of
the patient was done.

In order to reduce the risk of paraplegia, some measures
have been taken. First, we decided to revascularize the left
subclavian artery, which would have its ostium covered in an
endoprosthesis to maintain pulsatile flow through the left
vertebral artery and left internal thoracic, which aid in col-
lateral circulation to the spinal cord through a left subclavian
carotid bridge left. Another decision was to perform the pro-
cedure two times to reduce the surgical time.
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So, initially, we performed carotid-subclavian left bridge
with Dacron prosthesis and implantation of the first thoracic
endoprosthesis module, covering the ostium of the left subcla-
vian artery to a part of the descending aorta (Fig. 1). After 30
days, we perform the implantation of other two stent modules
to the abdominal aorta, placing the last module in the celiac
trunk and fenestrating the stent to the superior mesenteric and
renal arteries. Coated stents were positioned joining the trunk
branch celiac in this arterial branch and also through the fenes-
trae of the endoprosthesis to the superior mesenteric and renal
arteries (Fig. 2). Control arteriography showed perfusion in all
visceral branches without contrast leakage (“endoleak*), char-
acterizing the success of the procedure (Fig. 3).

In this second stage, the patient’s CSF pressure was con-
tinuously monitored for 48 h in order to reduce the risk of
paraplegia. In a unique opportunity, within the first 24 h, the
CSF pressure reached 14 mmHg, requiring drainage of the
cerebrospinal fluid.

FiGURE 1 Intraoperative arteriography showing the absence of con-
trol proximal endoleak (thoracic aorta) and patency of the subcla-
vian-carotid left bridge. C left carotid artery, S left subclavian artery,
(*) subclavian-carotid bypass
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FIGURE 2 Arteriography Intraoperative control profile (abdominal
aorta) showing the absence of distal endoleak and patency of the
celiac trunk (1) and superior mesenteric artery (2)

The patient had elevated serum creatinine postoperatively,
which returned to normal after 2 weeks. There was clinical
improvement without any deficits in the lower limb , and the
patient was discharged after 21 days.
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FiGure 3 Arteriography intraoperative control in the anteroposte-
rior projection (abdominal aorta) showing the absence of distal
endoleak and patency of the right renal artery (1) and left (2)

Angiotomographic control after 3 months of the surgery
showed complete exclusion of the aneurysm (Fig. 4) and dis-
creet decrease in its maximum transverse diameter (5.6 cm)
beyond the patency of all visceral trunks and carotid-subcla-
vian left bridge (Fig. 5).

Questions

1. What is an arterial aneurysm?

An aneurysm is a focal dilatation of the artery, attaining a
diameter of at least 150% of that expected for this segment.
A true aneurysm comprises all layers of the vessel wall. It can
be fusiform when affecting the arterial segment circumferen-
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FIGURE 4 Postoperative CT angiography (3 months). Reconstruction
showing patency of the subclavian-carotid bypass (arrow) and the
visceral branches
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FiGUrE 5 Postoperative CT angiography (3 months). Cross section
showing the absence of endoleak and a slight decrease of the maxi-
mum transverse diameter of the thoracic aorta (5.6 cm) at the same
point in Fig. 2

tially or vesicular when only a part of the circumference is
involved.

The pseudoaneurysm occurs when there is an interrup-
tion of the arterial wall causing bleeding contained by the
tissues surrounding the artery in question. Clinical examina-
tion shows a hyperpulsatile mass that resembles an aneu-
rysm, but that body is not made up of all layers of the
arterial wall, but the surrounding tissue, hence the name of a
false aneurysm.

Complications associated with arterial aneurysm are rup-
ture, distal embolization, and compression of neighboring
structures. The frequency of each type of complication varies
according to the location of the aneurysm. As an example, the
aneurysm of the infrarenal aorta, the most common among
aneurysms, has the main complication of rupture, with rare
atheroembolism. In the popliteal artery, aneurysm is the
reverse, getting atheroembolism as the most frequent compli-
cation and failure rare.

The main risk factor for rupture of an aortic aneurysm is
its diameter: the greater the risk, the greater its maximum
transverse diameter.
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2. What is the cause of aneurysms?

The vast majority of aneurysms is the so-called degenerative
aneurysms, which are related to risk factors for atherosclero-
sis, such as hypertension, diabetes, and smoking. About the
risk of rupture, however, diabetes appears to be protective.
Aortic aneurysms are more common in males, but the risk of
rupture is higher among women.

Other diseases that are related to the emergence of arte-
rial aneurysms and arterial dissection include Marfan syn-
drome, Ehlers-Danlos syndrome, infectious processes
(infectious aneurysms, formerly called “mycotic”), fibromus-
cular dysplasia (especially aneurysms renal and carotid arter-
ies), and trauma (pseudoaneurysm).

3. What are the most common signs and symptoms?

An aortic aneurysm is, in most cases, asymptomatic. Patients,
especially those who are thinner, may notice a pulsating mass
in the abdomen with a sense of having a “heart in the belly.”

The pain symptom of aneurysm is extremely worrying, as
it can reveal the verge of rupture or rupture already installed.
The rupture of a thoracic or an abdominal aneurysm is a high
mortality event in which more than half of patients do not
arrive alive to the emergency room. When rupture occurs to
the retroperitoneum, the bleeding can be stopped and the
patient presents with low back pain and signs of hypovole-
mia, such as hypotension, tachycardia, and pallor.

Large aneurysms can cause the occurrence of symptoms
by compressing the adjacent structures. Dysphagia, dyspnea,
and cough may be associated with bulky thoracic aortic aneu-
rysm. A major expansion of the abdominal aorta can lead to
erosion of the lumbar vertebra and cause pain.

The atheroembolism and thrombosis of an aneurysm are
rare in aortic aneurysm cases. The symptoms in these cases
are ischemia of tissues due to arterial segment obstruction.
4. How is it diagnosed?

As the patient, in most cases, is asymptomatic, the diagnosis
of an aneurysm arises when diagnosing other diseases.

The diagnosis of the thoracic aortic aneurysm can be
hypothesized when there is mediastinal widening in simple
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chest X-ray. Abdominal ultrasound is an important method
for the diagnosis and management of abdominal aortic
aneurysms, having no value for the study of the
thoracic segment.

As a rule, the main diagnostic methods are computed
tomography angiography and magnetic resonance imaging.
Angiography is not the most suitable method because besides
being very invasive, it shows only the light of the vessels. As
aneurysms have thrombus on its periphery, where the dilata-
tion makes the blood flow turbulent, it leaves only the center
of the vessel (which has laminar flow) patent. This exam very
often generates images that do not show the actual dilatation
of the vessel.

5. What are the indications for surgical treatment?

Small aortic aneurysms have a lower risk of rupture and
should only be followed with serial imaging. The aneurysms
with a big diameter or who have accelerated growth rate are
indicated for surgical treatment.

As a rule, the operation is indicated for thoracic aortic
aneurysms with a diameter greater than or equal to 6 cm. For
the infrarenal aorta, surgical treatment is indicated for those
aneurisms with a diameter of 5.5 cm or more, in women and
in men. The growth of the aneurysm, that is, less than 0.5 cm
in a 6-month interval, represents a marked expansion and
indicates the need for surgical treatment. The clinical condi-
tions, which have a direct impact on the surgical risk, of each
patient influence the decision to operate or not the
aneurysm.

Complications such as atheroembolism and/or compres-
sion of adjacent structures can also lead to the indication for
invasive treatment.

A painful aneurysm means an imminent risk of rupture
and is an indication for urgent treatment, as well as the rup-
tured ones. The ruptured aneurysms, of course, have an indi-
cation for immediate surgical treatment.

6. What are the surgical treatment options?

For surgical treatment, open surgery and endovascular
approach are viable options.
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The open operation consists of interrupting the bloodflow
through the aneurysmal artery by clamping proximally and
distally in order to prevent bleeding and reflow when perform-
ing surgery. Access depends on the position of the aneurysm
being treated and may be a thoraco-phreno-laparotomy in
thoracoabdominal aortic aneurysms, or a median, transverse, or
even an extraperitoneal laparotomy access in the abdominals.

After clamping and opening the aneurysm, a synthetic
vascular graft is sutured in a proximal segment and another
distal free of aneurysmal disease. In thoracoabdominal aortic
aneurysms, catheterization of the visceral arteries is often
laborious and exposes the patient more to radiation, by using
significant volumes of iodinated contrast, which has nephro-
toxic properties. During the time of clamping, renal protec-
tion can be made with the intermittent infusion of cold
crystalloid solution, for example, the solution comprising
Ringer’s lactate at 4 °C or 5 °C with 50 ml mannitol, 20%
heparin 2500U1, and 200 mg methylprednisolone.

The synthetic vascular prosthesis is covered by the aneu-
rysm, avoiding direct contact with other structures and
preventing, for example, fistulation with the bowel.

The endovascular technique is based on the exclusion of
the aneurysm by implanting a prosthesis comprising a metal
frame similar to a stent but coated by synthetic tissue, the so-
called endoprosthesis. This device is deployed from a distant
artery aneurysm site (usually the femoral artery), which will
navigate the intravascular space to the aneurysmal segment,
where it is released. The endoprosthesis runs compressed
within a catheter, expanding only after its release. Avoiding
the open surgery approach of the chest and/or abdominal
cavities by choosing the endovascular procedure is less
aggressive for the patient. To be a viable option, the anatomy
of the aneurysm should be favorable. The majority of aortic
aneurysms can be treated by endovascular technique, due to
the innovations on surgical and manufacturing terms.

7. What are the risks of the operation?

The main risks of a large operation are cardiovascular events
and complications of respiratory and kidney failure.
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Paraplegia is a concern primarily in the treatment of tho-
racoabdominal aortic aneurysms secondary to spinal cord
ischemia. This is true for both the open operation, despite the
revascularization of the intercostal arteries, and endovascular
treatment. The greater the extent of the disease in the aorta,
the greater the risk of paraplegia. Although the endovascular
technique does not provide the revascularization of the inter-
costal arteries, the greater hemodynamic stability and less
surgical aggression, avoiding the temporary interruption of
blood flow, make the risk of paraplegia lower than the open
operation.

The main measures to reduce the incidence of paraplegia
in open operation are reimplantation of the intercostal arter-
ies and aortic distal perfusion through total extracorporeal
circulation, temporary axillary-visceral shunt, or atrial-femo-
ral shunt. Monitoring the pressure and drainage of the cere-
brospinal fluid is indicated, and should be extended for up to
36 h after the procedure. The goal is to keep the cerebrospinal
fluid pressure around 10 mmHg, with careful surveillance.

8. What are the advantages and disadvantages of open and
endovascular techniques in the treatment of aortic aneurysms?

The open operation involves an arguably greater tissue dam-
age, starting with the surgical approach that in thoracoabdom-
inal aortic aneurysms requires thoraco-phreno-laparotomy.
Even in infrarenal aneurysms, transperitoneal access causes
a slower recovery, which may present with paralytic ileus in
the early days, delaying the reintroduction of oral diet, and
respiratory disorders caused by postoperative pain. Another
important aspect is that in the open technique is necessary
to interrupt the blood flow through the aorta by positioning
vascular clamps. This can causeischemia in the lower limbs
and visceral hypoperfusion in proximal aneurysms cases. The
broader dissection can cause inadvertent damage to other
organs and structures.

The endovascular technique, in turn, requires continuous
monitoring of the patient in the postoperative period, given
the risk of stent graft migration and occurrence of leakage
flow into the aneurysmal sac, called “endoleak,” which main-
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tains the risk of rupture. The aneurysmal disease can progress
to where the endoprosthesis is supported, being another
cause of endoleak. In thoracoabdominal aortic aneurysms,
catheterization of the visceral arteries is often laborious and
exposes the patient more to radiation, by using significant
volumes of iodinated contrast, which has nephrotoxic proper-
ties. Surgical aggression, however, is infinitely smaller, and
you can treat large aneurysms through access to the femoral
and eventually axillary arteries.

The higher cost of the stent relative to the vascular pros-
thesis used in the open operation is diluted by less need of
blood transfusion, less time on intensive care unit, and lower
total term of hospitalization provided by endovascular
surgery.

Review About the Addressed Disease
or Treatment

An aortic aneurysm is the 13th leading cause of death in the
United States and the third cause of sudden death. The
increase in life expectancy of men and women, as well as
developments in diagnostic imaging methods, may explain
the arising of the prevalence of this disease in the world
population.

An aortic aneurysm is an insidious disease that develops
and generates few or no symptoms but carries risks of life-
threatening complications. The main one is the rupture of an
aneursym, an event associated with a mortality of around 80%.
The most commonly involved segment is the infrarenal aorta.

An aortic aneurysm is a multifactorial disease, whose
pathogeneses include atherosclerosis, inflammation, extracel-
lular matrix degradation, and genetic issues.

Over 90% of the aneurysms are classified as degenerative.
Other less common causes are an infection, cystic necrosis of
the medial layer, inflammatory diseases of the arteries, and
connective tissue diseases.
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Among the factors associated with increased risk of devel-
oping aortic aneurysm, the main ones are advancing age,
smoking, hypertension, hypercholesterolemia, coronary heart
disease, and family history of an aneurysmal disease. As for
the rupture, which is the most feared complication of this
disease, the factors related to a higher risk of this event are
female, active smoking, hypertension, and especially the
maximum transverse diameter of the aneurysm, which keeps
a direct relation to the risk of rupture.

In most cases, the aortic aneurysm is asymptomatic, being
diagnosed during palpation of the abdomen (especially in
lean and tall patients) or by imaging studies performed for
the investigation of other diseases. Too often, the aortic aneu-
rysm is associated with the presence of aneurysms in other
locations, especially the popliteal and iliac arteries. This asso-
ciation can be synchronous or metachronous.

The few times that an aortic aneurysm causes symptoms,
these may be due to rapid expansion at break, atheroembo-
lism, thrombosis, or compression of adjacent structures. The
most frequent complication is a rupture.

Aneurysms, once diagnosed, can be stable for many years,
with slow growth. An aortic aneurysm is, therefore, an impor-
tant preventable cause of death. Once diagnosed, the patient
should be monitored periodically. The recommended moni-
toring for abdominal aortic aneurysms is the ultrasound exam
control every 6 months. For the thoracic aorta, computed
tomography angiography or magnetic nuclear resonance
angiography are the indicated methods, every 6 months.

The surgical correction can be done by open or endovascu-
lar means. The open track consists of a more definitive treat-
ment but is a larger-sized procedure with increased
perioperative morbidity and mortality as compared to endo-
vascular technique. The lowest surgical aggression allows us to
treat a greater number of patients, particularly those older and
more comorbid conditions. If before the surgical risk of an
open operation did not make them good candidates for open
surgery, today due to lower morbidity and mortality of the
endovascular technique, they are able to receive treatment.
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This technical and technological progress advances in
order to enable the treatment of longer aneurysms, including
those that affect the origin of the visceral arteries. If once the
endovascular technique was restricted to the infrarenal aneu-
rysms or the thoracic aorta was isolated, today this possibility
extends to thoracoabdominal aortic aneurysms and also
involves the iliac arteries.
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Gabriel Lorente Mitsumoto, Henry Eiji Toma,
Felipe Machado Silva, Luiz Antonio Rivetti,
and Valquiria Pelisser Campagnucci

Clinical Presentation

A T77-year-old woman, born in Sdo Paulo, was admitted in
emergency department presenting intense chest pain for
15 days, radiating to the back associated with progressive
shortness of breath, currently present even with minimum
efforts.

Past medical history: systemic hypertension, chronic atrial
fibrillation, class II obesity, and prior post-angiography pseu-
doaneurysm correction of the right femoral artery

The physical examination at admission was as follows. The
patient was awake and alert, anxious, and afebrile, with no
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TaBLE 1 Pulse ratings

Fe Po
3+ 3+
L 3+ 3+
Ax Br
R 3+ 3+
L 2+ 2+

aT
3+
3+
Rd
3+

1+

pT
2+
2+
Ul
3+

1+

R right, L left, Fe femoral artery, Po popliteal artery, al anterior
tibial artery, pT posterior tibial artery, Ax axillary artery, Br brachial
artery, Rd radial artery, Ul ulnar artery

signs of dehydration or cyanosis. The patient was in use of
propranolol, substrate, furosemide, and alpha-methyldopa.

Vitals:

lower limbs both sides

Cardiovascular: Heart sounds with S1 and S2 with normal
intensity, tachycardia, irregular rhythm, no murmurs. There
was no hepatojugular reflux.

Temperature: 36.6 °C (9788 °F)

Heart rate (HR): 92 bpm

Respiratory rate: 16 bpm

Blood pressure (BP): 110/80 symmetrical in upper and

Pulse ratings at admittance (Table 1):

Respiratory: Breath sounds present and symmetrical, with
no rales or wheezing and no signs of acute respiratory

distress

Abdominal: Obese, normal bowel sounds, soft, no high-
pitched or tinkling sounds, resonant to percussion, with
pulsatile mass in mesogastric

Diagnosis, Assessment, and Treatment

Laboratory exams at admission are listed below (Table 2):
An ECG (Fig. la-d) was performed to assess heart’s

condition:
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TaBLE 2 Laboratory exams

Exams Values
Hemoglobin 14 g/dL
Creatinine 0.8 mg/dLL
Platelets 188,000 U/uLL
Urea 28 mg/100 mL
Leukocyte 4700 U/uL
Neutrophils 674%
Segmented 674%
Lymphocytes 19.6%
Monocytes 7%
Eosinophils 4.7%
Basophils 0.6%
Total cholesterol 234 mg/dL
HDL 37 mg/dL
LDL 126 mg/dL
Triglyceride 354 mg/dL
Prothrombin activity (PA) 85%
INR 111

Activated partial thromboplastin time (APTT) 389s

RT 1.34
High-sensitivity troponin 4.05 pg/mL

After the laboratory tests, ECG presenting atrial fibrilla-
tion and chest X-ray (Fig. 2) presenting an enlarged medias-
tinum suggesting an aorta enlargement, the main diagnostic
hypothesis was acute aortic syndrome, and then it was
decided to optimize antihypertensives especially beta-
blocker and analgesia. A computed tomography (CT) scan
with reconstruction was also requested (Fig. 3a—c) to assess
the aorta (Fig. 4a, b).

The 3D reconstruction of contrasted CT presented an aortic
arch aneurysm and important tortuosity of descending aorta.
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Ficure 1 (a-d) ECG
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Ficure 2 Chest X-ray

Ficure 3 (a) Contrasted chest CT showing an enlarged aortic arch
with mural thrombus. (b) Contrasted chest CT showing non-
enlarged ascending aorta. (¢) Abdominal contrasted CT showing an
abdominal aortic aneurysm with mural thrombus
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i cm

FIGURE 4 (a, b) 3D reconstruction of contrasted CT presenting an
enlarged aortic arch and important tortuosity of descending aorta

Progression

The patient was stable and asymptomatic until surgery,
being opted to pursue preoperative evaluation. She
underwent an echocardiogram that showed anterior
hypokinesia, 58 % LVEF, and mild or moderate mitral
regurgitation with no signs of pulmonary hyperten-
sion, not being possible to visualize the aortic arch.

The patient’s EuroSCORE II was calculated: 6.49% (rela-
tive to the aortic arch surgery).

To evaluate the patient for coronary artery disease, a car-
diac coronary arteriography was performed and showed
diffuse parietal irregularities (Figs. 5 and 6).

The cardiac surgery determined the need for a surgical
approach. Thus, a carotid Doppler ultrasound was performed
revealing only small calcified plaque at the left carotid bulb
without significant hemodynamic repercussions.
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Ficure 5 Right coronary artery showing the absence of stenotic lesions

FIGURE 6 Main left coronary trunk and branches with no significant
lesions
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Surgery

Ascending aortic bypass was performed with a bifurcated
tube for innominate artery and left carotid artery. The
ascending aorta was partially clamped with an end-to-lateral
anastomosis of the bifurcated prosthesis, followed by an end-
to-lateral anastomosis of the bifurcated grafts to the innomi-
nate artery and the left main carotid artery, which were also
partially clamped.

The patient had a good clinical-surgical evolution, was
extubated in the immediate postoperative period and received
norepinephrine for 24 h and dobutamine for 4 days as well as
amiodarone EV and metoprolol for HR control. She was
discharged from the ICU to the infirmary on the fifth postop-
erative day, where she waited for an endovascular procedure
of the aortic arch aneurysm. Twenty days after the surgery,
endovascular stent implantation beginning at the ascending,
aorta until the descending thoracic aorta was performed.

The patient was then discharged from hospital 48 h after
implantation of the endoprosthesis. The procedure is showed
below (Fig. 7a—d).

Six months later, the patient performed a new aortic angi-
otomography (Fig. 8a, b), which can be seen below. Also, the
patient had upper left arm compensated.

Questions

1. What are the life-threatening differential diagnoses of
chest pain?

The life-threatening differential diagnoses of chest pain are
an acute aortic syndrome, acute coronary syndrome, pneumo-
nia, myocarditis, pulmonary thromboembolism, pericarditis,
pneumothorax, and esophageal rupture.

2. What is the exam considered as the gold standard for diagnosis
and to perform surgical strategic planning for cardiac surgeries?

The exam considered the gold standard is CT aortic
angiotomography.
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Ficure 7 (a) Aortography showing aortic arch aneurism and
supra-aortic branch bypass with good flow. (b) Chest X-ray of the
endovascular procedure showing the deployment of the ascend-
ing aortic endoprosthesis with a closed free-flow tip (in order to
avoid graft migration) just after the metallic clips (indicated by
arrows’ head in ¢) sutured around the ascending aortic graft. (¢)
Chest X-ray of the endovascular procedure showing the deploy-
ment of the ascending aortic endoprosthesis with a closed free-
flow tip (in order to avoid graft migration) just after the metallic
clips (indicated by arrows’ head in the figure) sutured around the
ascending aortic graft. (d) Final aspect of the endovascular pro-
cedure with contrast showing no endoleaks and good flow of the
bifurcated graft
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FiGUure 8 (a) Chest CT without contrast showing endoprosthesis in
ascending and descending aorta as well as proximal origin of the
bifurcated graft. (b) Contrasted chest CT showing both branches of
the bifurcated graft anterior to the aorta (arrows)

3. What are the five groups of etiologies of aortic dissection
and give some examples? Which of them is responsible for
most cases?

The five groups and some examples are listed below:

e Arterial hypertension
¢ Inherited fibrillinopathies
— Annuloaortic ectasia
— Marfan syndrome (MFS)
— Ehlers-Danlos syndrome (EDS)

e Hereditary vasculopathies
— Aortic isthmus stenosis
— Bicuspid aortic valve

¢ Inflammatory vascular diseases
— Giant-cell arteritis
— Takayasu arteritis
— Rheumatic aortitis
— Systemic lupus erythematosus
— Behcget’s disease
— Syphilis
— Mycotic aortitis
— Ormond’s disease (retroperitoneal fibrosis)

e Jatrogenic

— Catheter procedures
— Aortic/aortic valve surgery
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e Vascular clamp
e Aortotomy
e Graft anastomosis

Among the acquired causes, arterial hypertension plays a
leading role, accounting for 76.6% of the cases.
4. What is the typical clinical presentation for acute aortic
dissection?

The typical clinical presentation is the presence of severe ante-
rior chest pain in over 90% of patients, and most often there is
a dorsal thoracic pain in approximately 70% of patients.

5. Describe the DeBakey classification of aortic dissection

There are three main types are as follows: types I and 1I
which affect the ascending aorta and type 111, distal dissec-
tion, which begins distal to the left subclavian artery, sparing
the proximal arch and ascending aorta. DeBakey further
distinguished type III dissection in types Illa (down to or
ending above the visceral segment) and IIIb (extending
downward to involve the abdominal aorta and iliac arteries).
6. Describe the Stanford classification of aortic dissection and
the purpose of the system

The Stanford classification divides dissections into two types:
type A, which signifies involvement of the ascending aorta,
and type B, in which the ascending aorta is not affected.
This system helps to delineate treatment. Usually, type A
dissections require surgery, once the aortic valve is often
involved, while type B dissections may be managed medically
under most conditions and surgery reserved for any
complications.
7. What diseases does acute aortic syndrome include?

Acute aortic syndrome is a condition that includes acute aor-
tic dissection, intramural hematoma, aortic ulcer, and aortic
trauma.

8. What is the hybrid strategy?

The hybrid strategy is a combination of tools available only in
the catheterization laboratory (where the interventional car-
diologist is the expert) with those available only in the oper-
ating room (where the cardiac surgeon is the expert) in order
to gain maximum profit from both of them.
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Review About the Addressed Disease or
Treatment

This patient had a chest pain radiating to the back, and the
diagnoses to be weighed are the differential diagnoses of
chest pain: acute aortic syndrome, acute coronary syndrome,
pneumonia, pulmonary thromboembolism, and esophageal
rupture are some examples.

The acute aortic syndrome is a condition that includes
acute aortic dissection, intramural hematoma, aortic ulcer,
and aortic trauma.

Since there were no ECG signs of myocardial ischemia
and cardiac enzymes also showed no signs of myocardial
infarction, the most likely diagnosis is an acute aortic
syndrome.

It is known that especially aortic dissection, for which
there is a fairly consistent database called the International
Registry of Acute Aortic Dissection, occurs more often in
men and the average age is 61.5 (+14.6). The presence of
severe anterior chest pain occurs in over 90% of patients with
ascending aortic dissection (Stanford A) and in descending
aortic dissection (Stanford B). Most often there is a dorsal
thoracic pain in approximately 70% of patients. Hypertension
is one of the associated or causal factors most often associ-
ated, being present in 76.6% of patients.

Regarding the complementary tests, chest X-ray is a quick
examination, and mediastinal widening sign was present in
52% and 39% of X-rays in cases of aortic dissection in types
A and B, respectively.

The ECG performed initially is a low sensitivity test for aor-
tic dissection type A and B as it is normal in 30-47% of cases.

Besides ECG, an echocardiogram is often an examination
of fast acquisition and easy availability especially in reference
hospitals for the treatment of aortic dissections and is used as
initial investigation exam of type B dissections in 11-16%
and in type A in 23-49%. This happens because the exam
considered the gold standard for diagnosis and to perform
surgical strategic planning is CT aortic angiotomography.
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CT has been indicated as the initial investigation in dissec-
tion of types A and B in 72.9% and 78.1%, respectively.

When the patient is stable, with improvement in symp-
toms, and dissection is not acute but, as in the case above, has
passed more than 14 days, in other words chronic, further
investigation should be conducted as completely as possible
since performed with safety.

Still observing ECG, it was compatible with the patient’s
medical history; atrial fibrillation was observed where P
waves were absent and RR intervals were irregular with the
narrow QRS complex.

The images obtained by aortic angiotomography showed a
significant aortic arch dilatation, in a way that is hard to
define if there is dissection image with thrombus in the false
lumen or just an aneurysm with mural thrombus. The aneu-
rysm measured 7 centimeters in its largest diameter. A dissec-
tion of the abdominal aorta was also visualized which was
considered an incidental finding since she was asymptomatic
to this disease; hence this condition would be treated in the
second moment.

Regarding the clinical treatment of acute aortic syndrome,
some priority measures should be taken: pain control with
powerful analgesics (parenteral opioids), heart rate and ino-
tropic control with the use of beta-blockers, and strictly blood
pressure control respecting a gradual decrease in patients
with very high blood pressure. For the last one, parenteral
vasodilators are usually used such as nitroprusside and
nitroglycerin.

Other drugs are important in the clinical treatment of this
patient, such as statins, once the patient had hypercholester-
olemia and aortopathy; ASA may be indicated in this patient,
but if you choose chronically by not doing anticoagulation for
atrial fibrillation, such a definition should be taken based on
the HAS-BLED indices and CHA DS -VASc scores, which
will not be discussed in this chapter.

As mentioned above, the patient was stable and had
passed the higher risk of death related to the first phase of
the dissection of the ascending aorta (including arch), so it
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was opted to continue the diagnostic investigation. Whenever
possible and if available, echocardiography should be per-
formed for cardiac evaluation especially for the aortic valve
and left ventricular contractility. The patient had segmental
hypokinesia that is the reason why a coronary angiography
was indicated despite the handling risks, which showed no
significant coronary lesions.

After all diagnostic investigation, there was a high surgical
risk patient with acute aortic syndrome progressing to
chronic phase but with an “aneurysm/thrombosed dissection”
arch, symptomatic of 7 cm in diameter; hence, the approach
of the aorta was indicated.

It is known that clinical and surgical mortality of patients
with aortic dissection gives special gravity to the disease, as
can be seen below, according to the IRAD data related to
hospital mortality.

This very IRAD registry brings positive results on the
hybrid treatment and still poor results about the full endovas-
cular treatment according to Table 3.

Thus, the patient having diseases that have worse progno-
sis and worse morbidity/mortality, it was chosen to undergo
the hybrid treatment, being held through mini sternotomy to
third intercostal space and inverted T and supra-aortic trunks
debranching with bifurcated Dacron tube 16 x 8 x 8 to the
innominate artery and left carotid artery with ligature of
these supra-aortic trunks in its origins. Due to technical
difficulties, it was chosen not to realize bypass to the left sub-
clavian artery during surgery.

Before hospital discharge, it was implanted a stent begin-
ning at the ascending aorta, until the descending thoracic
aorta, as seen in the images. The preparation by the previous
debranching allowed the endoprosthesis landing zone to be
the zero zone (Fig. 9).

Thoracic endovascular aortic repair (TEVAR) is a proce-
dure that has currently been performed without previous
aortic debranching with chimney technique.

So far there is no robust data in the literature to support
the best treatment option for aortic arch disease whether
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FIGURE 9 Zones of the aortic arch

totally endovascular, hybrid (debranching plus TEVAR), or
open surgery. More long-term studies are needed for this to
be set, but the reports so far suggest a tendency to percutane-
ous approach, whether hybrid or not.

Paola reported a study with 104 patients submitted to aor-
tic arch debranching technique, obtaining satisfactory results.
The 30-day death, stroke, and spinal ischemia rates were
5.7%, 3.8%, and 2.9%, respectively. There were, however,
four retrograde dissections, two of which were fatal. At 1, 3,
and 5 years, the survival rates were 89%, 83%, and 71%, and
freedom from endoleak was 96%, 93%, and 88%.

The analysis of endovascular treatments should be evalu-
ated not only by perioperative mortality and complications
but also by long-term supra-aortic branch patency, endoleak
rates, reinterventions, and changes in aneurysm diameter.

A review of the chimney procedure (or the snorkel tech-
nique) in supra-aortic branches identified 18 reports compris-
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ing 124 patients and 136 chimneys. The investigators reported
a high primary success rate of more than 99%, with a mortal-
ity rate of 4.8% and a stroke rate of 4.5 %. A large number of
different bare or covered stents were used. However, the
overall endoleak rate was 18.5%.

The chimney technique in arch aneurysms remains
untested and should not be used as an acceptable treatment
other than for salvage.

There are branched prostheses for the aortic arch in the
development and going through tests, and although the
results are still not satisfactory, it is possible that this tech-
nique overcomes the chimney technique.
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Clinical Presentation

JAFES, male, 28, brown, mason. History of dyspnea on
efforts since 2003 that was never investigated during his teen-
age years. In 2014 he went to a local emergency care in his
city, with complaints of pain in the epigastric region, dizziness,
vomiting, and pain in the back of the neck. He was treated at
the time with antibiotic therapy for H. pylori.In 2015, he went
to a consultation at the health center and was evidenced sys-
temic hypertension and systolic mitral murmur 4+/6+ and
was referred to a cardiologist with prescription of Atenolol®
and Furosemide®.

He was referred to a cardiologist, who diagnosed hyper-
tension, and on a chest X-ray, a cardiomegaly has identified
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FiGURE 1 (a) Preoperatively chest X-ray exam evidencing cardio-
megaly and pulmonary artery dilation. (b) Postoperative chest X-ray
exam evidencing the presence of mechanic mitral valve prosthesis
and reducing of pulmonary artery dilation

(Fig. 1). It was also performed an upper abdominal ultra-
sound that showed no abnormalities. An echocardiographic
study was conducted, which concluded irregular heart rhythm,
mitral valve insufficiency with signs of fibrosis and fusion of
the commissures, and other atrioventricular and semilunar
valves with no structural abnormalities. Normal wall thick-
ness of the left ventricle. Marked severe dilation of the left
atrium and moderate dilation on the left ventricle. Other cav-
ity dimensions were normal as well as the ascending aorta.
Segmental contractility with diffuse hypokinesia. Moderate
systolic dysfunction of the left ventricle (Fig. 2). Doppler:
signs of moderate to severe reflux for left atrium and discreet
for right atrium. Concluding, a double mitral lesion, moderate
pulmonary hypertension, moderate systolic dysfunction of
the left ventricle (LV), and mild tricuspid insufficiency. In
view of electrocardiogram study, an atrial fibrillation rhythm
(AF) was confirmed.

Diagnosis, Assessment, and Treatment

The patient was then referred to the cardiac surgeon who,
after analyzing the exams, carried out previously indicated
surgical treatment. He was admitted to the hospital for sur-
gery the next day. Atenolol® and Furosemide® medications
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Measures Pre-surgery Post-surgery
Leftatrium (mm) 72 51
Aorticdiameter (mm) 29 24
Rightventricle (mm) 26 18
Leftventricle {diastole} (mm) 71 64
Leftventricle {systole} (mm) 47 42
Septum - thickness (mm) 10 10
P. Post left ventricle (mm) 10 10
Ejectionfraction (%) 61 62

Ficure 2 Comparative table of echocardiographic measures
between pre-surgery and post-surgery

that were already in use were maintained, except Warfarin®
that was suspended. Laboratory tests didn’t show any abnor-
malities, although the electrocardiogram identified an AF
pattern.

A surgical procedure of mitral valve replacement was per-
formed. This procedure was performed through median ster-
notomy with pericardial opening, standard heparin dose
given, and cardiopulmonary bypass established with a 32 °C
hypothermia. Cardioplegia cannula was introduced with sub-
sequent infusion of blood St. Thomas cardioplegic solution,
after aortic cross clamping. After that, there was the opening
of the left atrium (LA) near the upper pulmonary vein and
visualization of an insufficient, stenotic, and calcified mitral
valve. It was decided to perform valve replacement with par-
tial preservation of the sustaining apparatus; the prosthesis
selected was a mechanical valve St. Jude® no. 31, fixed with
separate points in the mitral annulus. In addition to perform-
ing mitral valve replacement, the left appendage was closed
and a surgical ablation was performed with the Cardioblate®
on the LA for correction of AF (Fig. 3). The LA was closed
and the patient deaired and taken out of bypass. The heparin
was reverted. A drain was placed in the anterior mediastinum.
Then two pacemaker wires were positioned, one in the right
ventricle and the other in the right atrial appendage. General
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Mitral Valve Lesion

FiGure 3 Ablation surgical technique to correct AF

review of hemostasis was performed and the pericardium was
sutured. It was closed the sternum with steel wires and then
the overlying plans. The heart rhythm was sinus.

Postoperatively the patient presented a good evolution,
being the heart in sinus rhythm, confirmed by an electrocar-
diographic study. On the 30 day outpatient clinic consulta-
tion, the patient was in good general state, oriented in time
and space. Cardiac auscultation: normophonetic rhythmic
heart sounds in two times without murmurs. Pulmonary aus-
cultation: vesicular murmurs present without adventitious
sounds. In use of Warfarin®, Spironolactone®, and Atenolol®.
It was carried out new control echocardiogram that showed
mechanical prosthesis functioning normally, mild pulmonary
hypertension,and increased left chambers (Fig. 1). Laboratory
tests were normal with well-regulated anticoagulation. The
X-ray showed decrease in pulmonary artery size (Fig. 2) and
ECG showed sinus rhythm (Fig. 4).
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FIGURE 4 Post-surgery electrocardiogram evidencing the return of
the sinus rhythm

Questions

1. What are the causes and conditions associated with atrial
fibrillation (AF) in mitral valve disease?

AF associated with heart disease includes valvular heart dis-
ease (changes of the mitral valve is the most commonly
found), coronary artery disease, and hypertension (particu-
larly when associated with left ventricular hypertrophy). The
AF may also be associated with hypertrophic cardiomyopa-
thy, dilated cardiomyopathy, cardiomyopathy by deposition
of glycogen, and congenital heart diseases. Potential etiolo-
gies include restrictive cardiomyopathies (amyloidosis, endo-
myocardial fibrosis, and hemochromatosis), cardiac tumors,
and constrictive pericarditis as well. Other heart diseases
such as mitral valve prolapse with or without associated
regurgitation, mitral annular calcification, cor pulmonale, and
idiopathic dilated right atrium have been associated with
higher incidence of AF, as well as sleep apnea syndrome.

2. What are the objectives of catheter ablation in AF?

The surgical ablation, for the prevention of recurrence of AF,
aims to eliminate triggers of the AF and modify the atrial
substrate responsible for maintaining the arrhythmia, main-
taining proper sinus rhythm, and controlling symptoms in
these patients.

3. What are the recommendations for surgical treatment of AF?

Class I: patients with symptomatic AF that will be submitted
for mitral valve surgery. Class IIB: surgery for exclusive treat-
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ment of AF in patients with symptomatic AF if the catheter
ablation has failed or if it cannot be performed.
4. What is the main cause of mitral valve disease in Brazil?

Unlike most developed countries, the rheumatic fever is the
main cause of valve disease in Brazil, responsible for 70% of
cases. Studies conducted in the school population in some
Brazilian cities have estimated the prevalence of rheumatic
heart disease between 1 and 7 cases/1000, while in the USA,
the prevalence is around 0.1 and 0.4 cases/1000 children. The
most common rheumatic mitral valve disease is the double
unbalanced dysfunction (insufficiency and stenosis at differ-
ent stages of evolution) manifested between the second and
fifth decades of life. Characteristically, mitral insufficiency
(MI) is the acute injury, while the stenosis corresponds to the
chronic injuries; however, it is possible that patients have
varying degrees of stenosis and mitral insufficiency. In Brazil,
mitral valve prolapse is the second cause of MI, the evolution
of which is dependent on the intensity of the prolapse and has
an average age of onset around 50 years.

5. What are the indications for surgical treatment in mitral
stenosis?

As for the statement, this type of intervention is reserved for
symptomatic patients (functional classes III-IV) with any of
the following contraindications to balloon catheter mitral val-
vuloplasty (BCMV): unfavorable valve anatomy (Wilkins
score greater than 8 associated with calcification and commit-
ment of the subvalvular apparatus), presence of double mitral
lesion with moderate to important insufficiency, concomitant
tricuspid or aortic significant valve disease, and persistent left
atrial thrombus (without resolution after adequate time for
oral anticoagulation). Several world cardiological centers
report good results with open commissurotomy. The average
survival in 15 years is close to 96%, with free survival valvular
complications around 92%. It is also possible the benefit of
surgery in patients with moderate to important mitral stenosis
in patients with embolic events despite adequate
anticoagulation therapy and in those with functional class I to
11, with severe pulmonary hypertension, without BCMYV favor-
able anatomy. Patients with AF who will undergo valve surgery
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may benefit from concomitant surgical treatment of AF (as
Maze surgery or radiofrequency ablation). The preservation of
the mitral valve through surgical commissurotomy, although
desirable, is not always feasible. The mortality related to valve
replacement oscillates between 3% and 10%, being influenced
by age, functional class, pulmonary hypertension, and the pres-
ence of concomitant coronary artery disease.

6. What are the levels of recommendation for echocardiography
in mitral stenosis?

Regarding echocardiographic use recommendations: class I
when used for diagnosis of MS with assessment of hemody-
namic severity and evaluation of the size and function of the
right ventricle; class I for the assessment of valve morphology
to determine the suitability of percutaneous mitral valvotomy
with balloon; class I when used for diagnosis and evaluation of
concomitant lesions in the valves; class I when used for re-
evaluation of patients with known MS and changed signs and
symptoms; class Ila for the assessment of hemodynamic
response of medium gradient and pulmonary arterial pressure,
by Doppler echocardiography with stress, when there is discrep-
ancy between hemodynamics at rest and clinical findings; class
IIb when used in the re-evaluation of asymptomatic patients
with moderate to severe MS to evaluate pulmonary arterial
pressure; class III when used for routine revaluation of asymp-
tomatic patients with mild MS and stable clinical findings.

7. What are the pharmacological treatment
recommendations for mitral valve regurgitation (MR)?

Recommendation class I: intravenous vasodilator indication
in acute MR, important and symptomatic, while awaiting
surgical setting, having level B evidence.

Recommendation class I: Diuretics in severe chronic MR,
symptomatic and with signs of congestion, while await-
ing surgical setting. Having level C evidence

Recommendation class I: Oral vasodilators in severe
chronic MR, symptomatic while awaiting surgical set-
ting. Having level B evidence

Recommendation class I1a: Digitalis in control of ventricu-
lar rate in the high-response AF associated with severe
chronic MR. Having level C evidence
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Recommendation class 1Ib: Beta-blockers to control the
ventricular rate in the high-response AF associated with
severe chronic MR. Having level C evidence

Recommendation class IIb: Calcium channel blockers,
nondihydropyridine for the control of ventricular rate
in the high response AF associated with severe chronic
MR. Having level C evidence

Recommendation class III: Vasodilators in chronic MR
asymptomatic with normal ventricular function and in
the absence of hypertension. Having level C evidence

8. How should anticoagulation be performed in patients with
mechanical prosthesis?

It is generally agreed that the mechanical prostheses expose
the patient to high risks of thromboembolism, regardless of
heart rate. There is an estimated risk for thromboembolism of
12% per year for prosthesis in the aortic position and 22% in
the mitral position, in the absence of oral anticoagulants. The
patients with mechanical prosthesis, regardless of mitral/aor-
tic implantation and heart rate, need antithrombotic preven-
tion. For patients with implanted mechanical prosthesis in the
mitral position, regardless of heart rate, prophylactic care
against thromboembolism should be larger, recommending
medium RNI of 3.0 (2.5-3.5). For patients with mechanical
prosthesis in the presence of some risk factor for TE, as
hypercoagulability blood, prior thromboembolism in the
presence of adequate anticoagulation, or impaired ventricu-
lar function, it is recommended to add aspirin at a dose of
50-100 mg/day. The exceptions are people over 80 or those
with a tendency to gastrointestinal bleeding.

9. What is the influence of pulmonary hypertension in patients
with mitral valve injury?

Pulmonary hypertension is a common problem in heart valve
diseases and worsens the prognosis of patients. In MS patients,
severe pulmonary hypertension, defined as PASP >50 mmHg,
is very common and can reach a prevalence of 40% and is the
worst prognostic factor in these patients, leading to a median
survival of 2.9 years in those who are not submitted to the
surgical treatment. Early surgical mortality of MS patients
without pulmonary hypertension ranges from 2.4% to 3.6%,
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while in patients with severe pulmonary hypertension may
reach 10.5%. When pulmonary hypertension is suprasystemic,
the surgical mortality approximates 30%. The survival in 5
and 10 years after surgical correction is approximately 80%
and 65%, respectively. Right ventricular (RV) clinical dys-
function, RV hypertrophy and RV systolic pressure are con-
sidered independent predictors of operative mortality. The
BCMV may be a safer alternative for the treatment of
patients with MS and severe pulmonary hypertension. After
the correction of MS (surgical or BCMV), immediate reduc-
tion in pulmonary hypertension levels occurs because of the
decrease in LA pressure and reversal of pulmonary vasocon-
striction in some patients. However, in patients with intrinsic
changes of pulmonary arterioles (reactive pulmonary hyper-
tension), the reduction of the pulmonary vascular resistance
may occur over months, and, in most cases, it returns to nor-
mal blood pressure levels. In turn, in the patients with supra-
systemic levels of pulmonary pressure, the residual pulmonary
hypertension occurrence can reach 25%. Another cause of
residual pulmonary hypertension is the presence of prosthesis-
patient mismatch. In patients with mitral insufficiency (MI),
the prevalence of severe pulmonary hypertension is approxi-
mately 25%. The pulmonary hypertension predictors are age,
LA diameter, presence of AF, and CF III or I'V. The presence
of significant pulmonary hypertension increases the risk of
overall mortality at six times and the risk of cardiovascular
death, eightfold in patients kept under clinical treatment. The
patientsundergoing surgery who have pulmonary hypertension
have twice the mortality at the end of 5 years compared to
those with normal lung pressure.

Review About the Addressed Disease
or Treatment

The mechanical valve prostheses have a low rate of structural
failure, and with an appropriate anticoagulation, thromboem-
bolic risk is similar to that observed with bioprosthesis with-
out anticoagulation.
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In this way, the mechanical prosthesis double brochure is a
good option for a selected group of patients who are able to
maintain appropriate control of anticoagulation, being indi-
cated mainly in young adult patients, except for young
women of childbearing age.

According to a study done by MARATIA et al. (1997 sp.),
most of the patients operated for mitral lesion with chronic
AF remain in AF, despite conventional therapy. Patients with
mitral regurgitation and chronic AF associated with a LA
diameter of less than 52 mm, had a better return rate to sinus
rhythm after mitral valve surgery and concomitant surgical
ablation.

We conclude that the present clinical case shows that even
with a size greater than 52 mm, initially as the patient of this
study, there is a possibility of returning to sinus rhythm when
properly treated. The left atrium size of this patient was
reduced from 72 mm to 51 mm, with a postoperative present-
ing good performance and sinus rhythm proven
electrocardiographically.

Bibliography

1. Brandao CMA. Substituicdo valvar com préteses mecanicas de
duplo folheto. 2000. Available at: http://www.scielo.br/pdf/% 0D/
rbeev/v15n3/3945.pdf (Accessed 28 Aug 2016).

2. Lorga FAM. Diretrizes Brasileiras de Antiagregantes Plaquetarios
e Anticoagulantes e Cardiologia. 2013. Available at: http://pub-
licacoes.cardiol.br/consenso/2013/Diretriz_Antiagregantes_
Anticoagulantes.pdf (Accessed 24 Aug 2016).

3. Maratia C.. Fatores preditivos de reversdo a ritmo sinusal
apods intervengdo na valva mitral em pacientes com fibrila-
¢do atrial cronica. 2016. Available at: http://www.scielo.br/sci-
elo.php?script=sci_arttext&pid=S0102-76381997000100003
(accessed 28 Aug 2016).

4. Moreira HG. Complicacdes de ablacdo por cateter da fibrila-
¢do atrial: preditores e tendéncia temporal. 2009. Available at:
http://cientifico.cardiol.br/cardiosource2/arritmias/int_artigo27.
asp?cod=427 (Accessed 11 Aug 2016).


http://www.scielo.br/pdf//rbccv/v15n3/3945.pdf
http://www.scielo.br/pdf//rbccv/v15n3/3945.pdf
http://publicacoes.cardiol.br/consenso/2013/Diretriz_Antiagregantes_Anticoagulantes.pdf
http://publicacoes.cardiol.br/consenso/2013/Diretriz_Antiagregantes_Anticoagulantes.pdf
http://publicacoes.cardiol.br/consenso/2013/Diretriz_Antiagregantes_Anticoagulantes.pdf
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-76381997000100003
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-76381997000100003
http://cientifico.cardiol.br/cardiosource2/arritmias/int_artigo27.asp?cod=427
http://cientifico.cardiol.br/cardiosource2/arritmias/int_artigo27.asp?cod=427

Mitral Valve Disease and Atrial Fibrillation 107

. Pomerantzeff PM. “Diretrizes de Cirurgia nas Valvopatias. Arq
Bras Cardiol. 82(suplemento V. 2004., Available at: http://www.
scielo.br/pdf/%0D/abc/v82s5/19536.pdf (Accessed 17 Aug 2016).
. Rodrigues AJ.. Substitui¢@o valvar isolada com préteses metali-
cas St. Jude Medical em posicdo adrtica ou mitral. Seguimento
de médio prazo. 2009. Available at: http://www.scielo.br/sci-
elo.php?script=sci_arttext&pid=S0066-782X2009000900014
(Accessed 28 Aug 2016).

. Tarasoutchi F, Montera MW, Grinberg M, Barbosa MR, Pifieiro
DJ, Sanchez CRM, Barbosa MM, Barbosa GV et al. Diretriz
Brasileira de Valvopatias - SBC 2011 / I Diretriz Interamericana
de Valvopatias - STAC 2011. Arq Bras Cardiol. 2011; 97(5 Suppl
1): 1-67, available at: http://publicacoes.cardiol.br/consenso/2011/
Diretriz%20Valvopatias %20-%202011.pdf (Accessed 11 Aug
2016).

. Tarasoutchi F. Diretriz Brasileira de Valvopatias — SBC 2011/
I Diretriz Interamericana de Valvopatias - SIAC 2011. 2011.

Available at: http://www.scielo.br/scielo.php?script=sci_
arttext&pid=S0066-782X2011002000001  (Accessed 17 Aug
2016).

. Zimerman LI, Fenelon G, Martinelli Filho M, Grupi C, Atié J,
Lorga Filho A, e cols. Sociedade Brasileira de Cardiologia.
Diretrizes Brasileiras de Fibrilacdo Atrial. Arq Bras Cardiol.
2009;92(6 Suppl 1):1-39, available at: http://publicacoes.cardiol.
br/consenso/2009/diretriz_fa_92suplOl.pdf. (Accessed 11 Aug
2016).


http://www.scielo.br/pdf//abc/v82s5/19536.pdf
http://www.scielo.br/pdf//abc/v82s5/19536.pdf
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0066-782X2009000900014
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0066-782X2009000900014
http://publicacoes.cardiol.br/consenso/2011/Diretriz Valvopatias - 2011.pdf
http://publicacoes.cardiol.br/consenso/2011/Diretriz Valvopatias - 2011.pdf
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0066-782X2011002000001
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0066-782X2011002000001
http://publicacoes.cardiol.br/consenso/2009/diretriz_fa_92supl01.pdf
http://publicacoes.cardiol.br/consenso/2009/diretriz_fa_92supl01.pdf

®

Check for
updates
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Clinical Presentation

The patient is an 18-year-old male patient, born in and a resi-
dent of Cachoeira do Sul, Rio Grande do Sul (RS), Brazil.
The patient was born with the most prevalent cyanotic con-
genital heart defect and was submitted to surgical correction
in a two-stage procedure. First, at 2 months old, the patient
was submitted to pulmonary artery banding, and at 3 years
old, the Fontan surgery was performed. Before the correction,
echocardiography and computed tomography angiography
(CT angiography) showed that superior and inferior vena
cava anastomosed with pulmonary arteries and did not com-
municate with the atriums. Besides that, the pulmonary trunk
was blind-ended, and there was a large interventricular and
interatrial communication.
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After the surgical procedures, the patient remained asymp-
tomatic until 2014 when he sought medical care complaining
of palpitations, malaise, and dyspnea, however without chest
pain. During the physical exam, the patient presented diapho-
resis and a rapid heart rate, approximately 160 beats per
minute, and there was no cardiac souffle. An electrocardio-
gram was performed immediately, and continuous monitor-
ing showed sustained tachycardia episodes in a row which
required drug reversal in the emergency room several times.

Diagnosis, Assessment, and Treatment

After the results of echocardiography, CT angiography, and
Holter monitoring, we chose to perform a therapeutic elec-
trophysiological study with electroanatomic mapping system
(Carto system), as shown in Fig. 1. Through the puncture of
femoral vessels, catheters were positioned into the cardiac
camaras, with a tridimensional reconstruction of the left
atrium, right reminiscent atrium and pulmonary veins geom-
etry. After the mapping, the arrhythmia was identified as
shown in Fig. 2. The ablation of the arrhythmia was per-
formed through sequential radio frequency, which succeeded
to revert it (Fig. 3). After the procedure, the patient did not
present anymore arrhythmic episodes, spending 20 months
post-procedure without any symptoms.

a b

& &

FIGURE 1 (a) Arrhythmic sites. (b) Ablation sites
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Questions

1. Which congenital heart disease did the patient have and
what is its natural history?

Transposition of great vessels (TGV) is a congenital heart
defect in which part of or the entire aorta arises from the
right ventricle and part of or the entire pulmonary trunk
arises from the left ventricle. This anomaly is known as ven-
triculoarterial discordance [6].

It is the most common cyanotic congenital heart disease,
though with low prevalence (about 1%) among all the other
congenital heart diseases [§].

TGV is widely known by its unfavorable natural history. If
there is no blood mix between the two circulations, the condi-
tion becomes incompatible with life. Certain conditions allow
a longer survival such as atrial communication and ventricu-
lar communication or great vessels (persistence of the ductus
arteriosus) [4].

Among the patients who are not operated, 32% evolve to
congestive heart failure and have 25% probability of death
when they are close to the fourth decade of life. The specific
surgical technique to correct it depends on an extensive vari-
ety of anatomical characteristics and the surgical team’s
experience [5].

2. Would the surgical procedure would be traditionally
indicated for this heart defect?

Jatene’s arterial repair is traditionally performed for TGV cor-
rection. In this procedure, the arterial switch and the coronary
artery translocation to the neoaorta are performed. With the
vessel’s inversion, the coronary arteries anastomose to the ves-
sel that arises from the left ventricle, receiving arterial blood.
The surgery seeks to restore the normal heart anatomy and
physiology and to establish ventriculoarterial concordance [4].
3. Why the traditional surgical procedure for this heart
disease was not performed?

Fontan surgery was the preferred operation because the

patient had only one ventricle (pulmonary trunk was
blind-ended).
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Fontan procedure, described first in 1971, is performed
nowadays to approach univentricular hearts by making an
atriopulmonary connection. It diverts the blood flow directly
to the lungs, without passing through the right ventricle [7].
The two most frequently used ways to do this is through an
extracardiac conduit or through hemi-Fontan procedure [6].

Hemi-Fontan surgery is similar to a cavopulmonary shunt,
creating a superior vena cava and pulmonary artery connec-
tion. The difference is that it is used hypothermia and extracor-
poreal circulation during the procedure. Both can be used in
TGV treatment, with considerable variations and adaptations
depending on the service. Moreover, there are no clear indica-
tions regarding which is the best procedure to perform [6].

4. Which surgical procedure could be performed at 2 months
old and what are its benefit?

Patients with univentricular hearts who are candidates to be
submitted to Fontan surgery usually have to go through pal-
liative procedures to avoid pulmonary hyperflux previous to
the operation.

Pulmonary artery banding allows better and early pulmo-
nary vascular disease control; thereby, Fontan surgery can be
performed later [1].

5. Which are the main postoperative complications regarding
the surgical procedures used to correct this heart disease?

In the last decades, sophisticated corrective procedures
improved the quality of life and life expectancy of patients with
congenital heart defects. Nevertheless, due to surgical proce-
dure healing, the use of patches and suture lines, and conse-
quent fibrosis, the development of arrhythmias is increasingly
common in this population. Atrioventricular heart block is the
main postoperative arrhythmia after cardiac surgeries, and
insertion of a pacemaker is mandatory in 80% of cases [2].

Loss of sinus thythm may be associated with complex eti-
ologies. The development of arrhythmias does not depend on
the type of Fontan procedure [6].

Arrhythmias are poorly tolerated after Fontan procedure
due to limited cardiac reserve and low cardiac output [7].
Moreover, atrial muscle presents macroscopic and microscopic
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changes. Atrial wall thickening — and not fibrosis — would be
responsible for the development of arrhythmias after the sur-
gery [10]. Other known causes are suture lines, patches, and
anatomic barriers.

Furthermore, patients who went through Fontan proce-
dure have dilated right atriums, extensive low-voltage areas,
and high prevalence of fractionated potentials compared to
other groups who corrected TGV by other techniques. Those
are the main characteristics associated with the recurrence of
arrhythmias after the ablation [10].

6. Which arrhythmia (Fig. 2) did the patient present years
after the procedure?

The patient presented sustained intra-atrial tachycardia epi-
sodes. Studies show that the frequency of arrhythmias in
patients who are submitted to heart surgery can vary between
7% and 60%. In Fontan surgery the prevalence described is
42% of arrhythmic events, reaching a prevalence of 100%
after 26 years.

A study that analyzed patients who were previously sub-
mitted to correction of congenital heart defects found 62 dif-
ferent types of atrial arrhythmia. The most common types of
atrial arrhythmia are the typical atrial flutter; reentrant intra-
atrial tachycardia involving sutures, scar tissue, and prosthetic
materials; and focal atrial tachycardia [3].

Other references consider the terms “intra-atrial reentrant
tachycardia” and “incisional tachycardia” as synonyms, to
distinguish them from typical atrial flutter that occurs in
structurally normal hearts. Generally, intra-atrial reentrant
tachycardia tends to be slower than the typical flutter, with
atrial rates in the range of 150-250 per minute [9].

Between these, the most prevalent is intra-atrial reentrant
tachycardia (about 66%) [7]. Reentrant arrhythmia is the
most prevalent, 34% being due to typical atrial flutter and
44% due to reentrant intra-atrial tachycardia [3].

7. What are the treatment options for postoperative
arrhythmias developed after TGV correction?

Several therapies are suggested to treat arrhythmias in these
cases such as reoperations, antiarrhythmic medications, and
ablation of the electric circuit that provokes the arrhythmia.
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Although it can still be prescribed in selected cases, phar-
macological therapy has been discouraged, once the results
are disappointing even when potent agents such as amioda-
rone are used [9].

Ablation has been considered the treatment of choice for
arrhythmias [10] in patients with congenital heart defects and
corrective surgeries. In patients with reentrant atrial tachy-
cardia, ablation is successful in 70% of cases [3, 9].

If pharmacological measures and ablation fail to prevent
new episodes, or if the patient is returning to the emergency
room unstable, consideration should be given to morphologic
heart surgery, known as atrial maze operation. Patients with
the most refractory variety of intra-atrial reentrant tachycar-
dia are usually the ones who need this procedure, which is
often combined with a revision of the Fontan connection [9].
8. What is the importance of continued clinical follow-up of
these patients?

The long-term following of the patients with TGV is extremely
important due to substantially increased mortality in this
group after developing an arrhythmia, about 50% compared
to patients without arrhythmia [9].

The risk of postoperative arrhythmia is particularly high
(nearly 40%) among Fontan patients, who tend to have the
largest number of intra-atrial reentrant circuits and thicker
and larger atriums.

Besides that, due to increased longevity and better quality
of therapeutic procedures, it is possible that the number of
patients with postoperative arrhythmias increases with time.

Review About the Addressed Disease or
Treatment

Patients submitted to Fontan surgery can present significant
late complications; for that reason, they must keep clinical
following through life. Among the main complications, there
are atrial arrhythmias (atrial flutter and paroxysmal atrial
tachycardia), as cited before, with variable incidences depend-
ing on the study,from 0.4 % to 13.9% peryear. Thromboembolic
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events can also occur, such as vena cava or pulmonary artery
thromboembolism [1, 6].

Other examples are systemic venous collateralization and
protein-losing enteropathy. The first one is common in bidi-
rectional Glenn, and the collaterals usually originate from the
vena cava and hepatic veins. The second one occurs due to
the increase in systemic venous pressure which causes lym-
phangiectasis, with the passage of albumin and protein into
the gastrointestinal tract as a result. The diagnosis is made
when there is ascites, edema of lower extremities, diarrhea,
low serum albumin, and an increase in fecal alpha-Il-antitryp-
sin. Some patients may need cardiac transplantation due to
late complications related to left ventricular dysfunction after
Fontan surgery [1, 6].
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Paroxysmal Atrial
Fibrillation Due to
Repeated Episodes of
Severe Hypoglycemia
in Patient with Type

I Diabetes Mellitus
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Clinical Presentation

C.D.R.O, 55 years and 6 months, female, Brazilian, married,
Catholic, born in Poloni-SP, covenant-health: Own. She was
admitted to the emergency department with tachycardia and
discomfort of sudden onset (3 h of symptoms), without hemo-
dynamic instability, unrelieved factors, or injury. The patient
reports that she was at home and chatting with her family
when she noticed palpitations and trembling hands and was
feeling unwell abruptly, referring to sense that the heart was
“out of her mouth.” The accompanying concerns have offered
(30 min after the onset of symptoms) a glass of soda for the
mother to drink, thinking it is another episode of hypoglyce-
mia. Two months ago, due to NPH insulin resistance, her
endocrinologist promoted a therapeutic adjustment, replac-
ing NPH by glargine, a rapid-acting insulin. As a result of
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insulin adjustment, the patient in question has to present
repeated episodes of severe hypoglycemia (including night,
reaching 30 mg/dL detected in blood glucose test) sometimes
with the presence of warning signs. The patient has type I
diabetes mellitus for 50 years and high blood pressure for
20 years with severe distal sensory-motor peripheral neu-
ropathy in upper and lower limbs (newly diagnosed) resulting
from diabetes mellitus which is difficult to control and denies
smoking, drinking, illicit drug use, acute myocardial infarction
and previous stroke, and drug allergy regarding day vaccina-
tion. The patient has negative serology tests for HIV and
hepatitis and no recent trips and denies previous similar
frames, denies thyroid changes, and denies known cardiac
pathologies.

In regular use: losartan, 50 mg/day (early); furosemide,
40 mg/day; metformin, 850 mg (2x/day — lunch/dinner); regu-
lar insulin, 30-30-30UI lunch/breakfast and dinner. Insulin
prolonged action (glargine), 90UI by morning; amitriptyline,
75 mg/day; quetiapine, 50 mg/day; gabapentin, 300 mg (3x/
day); thioctacid; diazepam, 10 mg (night); simvastatin, 40 mg

Vital signs at admission:

Blood pressure, 120 x 80 mmHg; heart rate, 160 beats for
minute; respiratory rate, 22 breaths per minute; axillary
temperature, 36.0 °C; Sat O, = 93%

Capillary blood glucose: 57 mg/dL

In the emergency room, an emergency electrocardiogram
was performed (shown in Fig. 1).

Diagnosis, Assessment, and Treatment

Conduct: was established with attack dose amiodarone
(300 mg) (in peripheral access). There was no reverse clinical
condition. Correction of glucose was made with an infusion
of dextrose and heparin was held for antithrombotic
prophylaxis. The patient was referred to the hospital for
amiodarone impregnation. Arrhythmia was reversed in 24 h.
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Ficure 1 ECG performed on arrival compatible with atrial fibrilla-
tion with high ventricular response. Absence of electrocardiographic
changes suggesting myocardial ischemia

The patient in good general condition was discharged and
guided in searching for cardiologist for a clinical follow-up.
An echocardiography was performed with post-reversion
of atrial fibrillation for investigation of cardiac structural
alterations:
A patient with sinus rhythm presents the following results:

Diameter of aorta artery: 32 mm

Diameter left atrium: 41 mm

Diastolic diameter of the right ventricle: 18 mm

The thickness of the septum: 10 mm

Wall thickness: 10 mm

Diastolic diameter of the left ventricle: 48 mm

Systolic diameter of left ventricle: 28 mm

%D:41.7

Left ventricular ejection fraction (LVEF) (Teich): 72.5%
Rel AO/LA:0.78
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Rel septum/wall: 1.00
Weight LV:196.9 g

Rel. volume/weight: 0.52

Septum of the left ventricle (LV)

Wall of LV

Movement: normal

Thickness: normal

Movement: normal

Thickness: normal

Cavity of left ventricle

Segmental contraction

Size: normal

Function: preserved

Movement: normal

Valves

Mitral: normal aortic, normal
tricuspid, normal

Pulmonary: normal

LA: mild elevation
RA:normal

Pericardio: normal

RV: normal

Aorta: normal

LV = left ventricle; LA = left atrium; RV = right ventricle;
LV = left ventricle; AO = aorta;

Doppler

Mitral regurgitation flow, minimum (“valvar escape

physiological”)

Reviews

e Parietal thickness of the left ventricle of the ceilings of

normal

e Contractile function of the normal
e LV of the global point of view left atrium volume = 61 mL
e Volume of the left atrium corrected by body surface

area = 30 ml/m?
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Conclusion

Echocardiography is normal under the anatomical aspect.

The patient was discharged with guidelines to follow in
outpatient follow-up and performed exams of Holter
monitoring and echocardiography, without amendments.
After 2 years of follow-up, the patient presented no new epi-
sodes of tachyarrhythmia.

Diagnostic hypothesis

Paroxysmal atrial fibrillation due to repeated episodes of
severe hypoglycemia in patients with type I diabetes mellitus
reverted after antiarrhythmic therapy and stabilization of
blood glucose.

Questions

1. What are the risk factors for atrial fibrillation?

Atrial fibrillation (AF) occurs when electrophysiological
abnormalities alter the atrial tissue and promote training/
spread of abnormal electrical impulse. Many clinical risk fac-
tors are associated with increased risk of AF, and in addition
to the classic factors like hypertension, diabetes, valvular
heart disease, myocardial infarction, and heart failure, poten-
tial new factors may be mentioned.

Among them are obstructive sleep apnea, obesity, alcohol
use, physical exercise, strenuous work, family history, and
genetic factors. In this case, we report a patient who pre-
sented with paroxysmal atrial fibrillation caused by recurrent
episodes of hypoglycemia in deriving an antidiabetic treat-
ment rigorously.

2. What are the electrocardiographic criteria that define AF?

The electrocardiogram, the absence of atrial depolarization
crime is reflected with the replacement of the P-waves, char-
acteristics of the sinusal rhythm, by an earthquake of high
frequency from the baseline of the electrocardiogram that
varies in shape and size. This change is associated with a fast
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and erratic ventricular rate that occurs only in the presence of
atrioventricular node integrity and without the action of
drugs that impair their ability to drive.

3. What is the association between hypoglycemia and cardiac
arrhythmias?

Hypoglycemia is a common event that typically occurs in
diabetic patients. In this context, hypoglycemia usually results
from an imbalance among diabetic therapy, level of activity,
and dietary intake. Therefore, management of hypoglycemia
has become “scripted”: glucose administration, followed by
adjustments in insulin or oral medications or diet. The mecha-
nisms by which hypoglycemia induces such arrhythmias are
unknown but may include the direct effect of hypoglycemia,
hypokalemia, and increased secretion of noradrenaline on a
possible background of specific myocardial disease and car-
diac autonomic neuropathy. Hypoglycemia may be proar-
rhythmic via a number of mechanisms (see Figs. 2 and 3). The
direct effect of low glucose on the human ether-a-go-go-
related gene ion channel, hypokalemia, and catecholamine
release prolongs cardiac repolarization, increasing the risk of
early after depolarizations and ventricular arrhythmias. Since
arrhythmias can be triggered by a transient change in sympa-

Absolute Insulin Deficiency:------------------. .

No | Insulin Type 1 Diabetes -------- > No } Glucagon

Imperfect Insulin
Replacement

X
HYPOGLYCEMIA 4—\

Hypoglycemia Defective Glucose
Unawareness Counterregulation

Reduced Autonomic (Including
Adrenomedullary) Responses
| Symptoms | Epinephrine

FiGure 2 Diagrammatic representation of the concept of
hypoglycemia-associated autonomic failure in diabetes
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Insulin Deficient Diabetes

(Imperfect Insulin Replacement)
(No ¥ Insulin. No 4 Glucagon)

Antecedent Hypoglycemia

Sleep + Antecedent
T Reduced Sympathoadrenal Exercise
Responses to Hypoglycemia

Reduced Sympathetic Reduced Epinephrine
Neural Responses Responses
Hypoglycemia Defective Glucose
Unawareness Counterregulation

Recurrent Hypoglycemia

Ficure 3 Hypoglycemia-associated autonomic failure in type I
diabetes

thovagal balance, it also seems worthwhile exploring the
effect of hypoglycemia on autonomic tone.

4. What other effects are printed by the hypoglycemia on the
cardiovascular system?

Increased myocardial oxygen demand is causing a sympa-
thetic surge, releasing counterregulatory hormones, such as
epinephrine, norepinephrine, cortisol, glucagon, and growth
hormone, which have immediate adverse cardiovascular
effect by increasing afterload, inotropic, and chronotropic
status of the myocardium. These adrenergic hormones also
cause coronary vasoconstriction, impairing coronary blood
flow and myocardial oxygen supply. In addition, hypoglyce-
mia and coronary vasoconstriction limit the delivery of sub-
strate (glucose and free fatty acids) to the myocardium, which
further deteriorates the imbalance of myocardial energy sup-
ply and demand. Previous case reports regarding
hypoglycemia-induced myocardial infarction mostly focused
on ST-segment elevation myocardial infarction.

5. What the current recommendations for adequate glycemic
control in patients with diabetes mellitus?

Intensive glycemic control during 3 and 5 years did not
reduce cardiovascular mortality in recent trials, and the
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Action to Control Cardiovascular Risk in Diabetes
(ACCORD) trial was terminated early owing to increased
mortality in patients with type II diabetes at high cardiovas-
cular risk. It is well-known that intensive glycemic control
increases the risk of hypoglycemia. This was strongly
associated with an increased downstream risk of vascular
events and death, but evidence of a direct causal link is
lacking.

There have been sporadic case reports of supraventricular
and ventricular arrhythmias associated with hypoglycemia.
Among supraventricular arrhythmias, transient atrial fibrilla-
tion is most frequently reported.

6. On the hypoglycemia without alarm signals

The high prevalence of asymptomatic hypoglycemia is strik-
ing and probably reflects diminished counterregulatory
responses associated with long disease duration and with
nocturnal episodes where hypoglycemia occurred during
sleep in a supine posture. Asymptomatic hypoglycemia can
contribute to an excess of arrhythmic risk, and these episodes
may be frequent and go unnoticed.

The hypoglycemia is a proarrhythmic condition with a risk
higher than during euglycemia or hyperglycemia. The electro-
physiological conditions during hypoglycemia could contrib-
ute to the initiation of ventricular tachyarrhythmias in a
number of ways.

7. What prognosis of patients with atrial fibrillation (AF)?

In individuals over 65 years, mortality associated with AF is
of 10.8% at 30 days after the diagnosis of arrhythmia, reach-
ing 42% in 3 years of follow-up. Patients aged 65 years pre-
sented a relative risk of death of 4.88 for women and 3.07 for
men in 1 year. The AF is a significant predictor of all-cause
mortality in the presence of renal failure, cancer, and chronic
obstructive pulmonary disease. Epidemiological studies show
a clear association between AF and risk of stroke, ischemic or
hemorrhagic stroke, and mortality. Cognitive changes, heart
failure (HF), and socioeconomic implications are also impor-
tant consequences of AF. In clinical studies involving patients
with HF, the AF was considered an independent risk factor
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for mortality. Heart failure and atrial fibrillation coexist in a
high percentage of patients (22-42%).

8. What would be the most appropriate management to
reverse the AF in the patient described?

Previous cases reported of AF for hypoglycemia were
promptly reverted with the intravenous infusion of glucose
(dextrose), without which the administrations of antiarrhyth-
mic drugs have been required. However, we observed failures
with the management of sudden onset of atrial fibrillation,
when sometimes hypoglycemia is ignored, even in patients
without previous history of arrhythmias or heart diseases. The
objective of the presented case is to guide professionals in an
emergency, to trace hypoglycemia, and to promote immediate
correction in order to avoid complications, reducing morbid-
ity and mortality of these patients.
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Clinical Presentation

A 65-year-old man was admitted with mild weakness and
dyspnea on exertion. The patient had no history of hyperten-
sion, type II diabetes mellitus, dyslipidemia, or any other
medical or familial conditions. Physical examination revealed
the presence of a diastolic murmur 2+/6+, most evident in the
mitral area, radiating to the axillary region. No other abnor-
mal signs were identified.

Diagnosis, Assessment, and Treatment

A transthoracic echocardiography (TTE) was requested to
evaluate the diastolic murmur, and it revealed an increase of
the left atrium diameter, with a tumor (3.7 x 3.4 cm) attached

M. D. Pimentel (P<) - C. C. L. Leite - J. N. Silva
J. G. Lobo Filho - H. G. Lobo Filho
Federal University of Ceard (UFC), Fortaleza, CE, Brazil

© Springer Nature Switzerland AG 2019 131
R. M. S. Almeida, F. B. Jatene (eds.), Cardiovascular Surgery,
https://doi.org/10.1007/978-3-319-57084-6_11


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-57084-6_11&domain=pdf

132 M. D. Pimentel et al.

to the anterior leaflet of the mitral valve, with thickening of
this structure, moderate mitral valve stenosis with an average
diastolic gradient of 15 mmHg, and moderate valvular regur-
gitation. Left ventricular function was normal. A transesoph-
ageal echocardiography (TEE) was also requested, showing
more details of the tumor connection to the mitral valve and
to the lower portion of the interatrial septum, with an initial
suspicion that it would be a cardiac myxoma (Fig. 1). Due to
the size of the tumor and its adherence to important struc-
tures, cardiac magnetic resonance imaging (MRI) was
requested to decide the best approach for treatment.

The findings previously described were confirmed in the
cardiac MRI, and the tumor showed iso-signal intensity com-
pared to the myocardium on the Tl-weighted image, high
signal intensity compared to the myocardium on the
T2-weighted image, heterogeneous washout with late
enhancement, and the presence of first-pass myocardial per-
fusion (Fig. 2).

2D Doppler echocardiogram revealed significant dilata-
tion of the left atrium and presence of a rounded, large, and
echogenic mass, with heterogeneous texture, measuring 4.0 x
3.6 cm in the left atrium. It was mobile and was oscillating
into the mitral valve ostium during diastole, resulting in a
moderate mitral stenosis.

Cardiac MRI also showed significant dilation of the left
atrium, and presence of a mass located in the left atrium,

DIASTOLE

FiGure 1 Transesophageal echocardiographic examination
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FIGURE 2 Aspect of the mass in the left atrium as seen in cardiac
MRI

appended to the interatrial septum and adhered to the mitral
valve, with restriction of the valve opening.

Considering the potential complications related to the
presence of the left atrial tumor, although the patient was
asymptomatic at diagnosis, surgery appeared to be the best
therapeutic approach to managing the case.

The surgical procedure was performed through a median
sternotomy, followed by installation and start of the cardio-
pulmonary bypass (CPB) circuit, and then proceeded to the
aortic cross-clamp and infusion of blood cardioplegic solution.
Left atriotomy was made, and the exposure of the interior of
the atrial cavity revealed the presence of a large, smooth,
broad-based mass, firmly attached to the anterior leaflet of the
mitral valve and to the lower portion of the atrial septum,
thereby restricting valve opening and causing septal strain.

In order to obtain complete resection of the mass, the mitral
valve and the lower portion of the interatrial septum were
resected with surgical margins (Fig. 3). It was proceeded then to
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FiGURE 3 Macroscopic (a) and histological (b) aspects of surgically
excised leiomyosarcoma

implantation of a biological mitral valve prosthesis and recon-
struction of the interatrial septum with bovine pericardium.
After closure of the atrial incision, release of the aortic clamping,
removal of the CPB, and synthesis of the initial surgical incision,
the patient was transferred to an intensive care unit (ICU).

The excised atrial tumor tissue was sent for histopatho-
logical analysis, which showed the presence of a pattern of
fusiform cells, with moderate mitotic activity, hyperchroma-
sia, polymorphism, moderate anaplasia, and mild necrosis,
concluding the diagnosis of high-grade sarcoma.
Immunohistochemical analysis showed high positivity for
antibodies to smooth muscle actin, desmin, and calponin,
specifying the diagnosis of a leiomyosarcoma (Fig. 3).

(a) Macroscopic appearance of a malignant tumor shows
tawny nodular mass adhered to the mitral valve leaflets with
apparent macroscopic invasion. (b) Histological appearance
of the leiomyosarcoma shows neoplastic proliferation of
spindle cells with moderate mitotic activity, arrangement in
bundles interspersed with lush vascularization, and moderate
rate of mitosis and focal areas of necrosis.

Postoperative echocardiogram showed no signs of the tumor
in the left atrial cavity, and revealed presence of a normal func-
tioning bioprosthetic mitral valve (Fig. 4). The patient had an
uneventful recovery and was discharged on the 8th day of hos-
pitalization, being actually in follow-up 1 month after surgery.

Bidimensional postoperative echocardiogram illustrates
the presence of biological prosthesis in mitral position. There
are no signs of masses on the left atrium cavity.
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FIGURE 4 Postoperative echocardiogram

Questions

1. What is the incidence of cardiac tumors?

In general, primary cardiac tumors are a rare group of disor-
ders, with data obtained from autopsy series showing its
prevalence between 0.0017% and 0.03% of the subjects [1-3].
Reynen in 1996, reviewing 22 autopsy series, found the pres-
ence of 157 cardiac tumors, including benign and malignant,
in 731,309 cases of autopsies illustrating an estimated preva-
lence of 200 tumors for every million of autopsies [1-7].

2. What is the classification of the cardiac tumors?

Cardiac tumors can initially be classified as primary or sec-
ondary. The primary group is constituted of those originating
from the heart and the pericardium cells, while the second-
ary are those derived from other tissues that later migrate
and proliferate in cardiac tissues. The primary cardiac tumors
can also be classified as benign or malignant and according
to their histological characteristics [3, 8, 9].

Benign primary cardiac tumors are a benign group of
tumors that are confined exclusively to the heart at the time
of their diagnosis. The primary malignant cardiac tumors are
a group of tumors with insidious development until the
appearance of signs of severity and may cause congestive
heart failure in weeks [8, 9].
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3. What are the most common types of primary benign
cardiac tumors and of primary malignant cardiac tumors?

Among the different varieties of primary benign tumors, the
main ones are myxoma, rhabdomyoma, papillary fibroelas-
toma, fibroma, lipoma, and hemangioma, among other vari-
ables of rare tumors. Cardiac myxoma deserves special mention
for being the most prevalent among all cardiac tumors, account-
ing for almost 80% of all tumors surgically excised [3, 9].

The most common type of primary malignant cardiac
tumor is the angiosarcoma, and other types include undiffer-
entiated pleomorphic sarcoma, rhabdomyosarcoma, osteo-
sarcoma, leiomyosarcoma, fibrosarcoma, and cardiac
lymphomas [4, 8].

4. How tumors from other tissues spread to the heart?
Regarding secondary cardiac tumors, it is noteworthy that
they are about 30 times more frequent than primary malig-
nancies and spread to the heart via three routes, by lymphatic
tissue, by direct extension, or through the blood, on this last
situation, usually from the inferior vena cava or the pulmonary
veins [3, 9].

Lung carcinomas and its metastasis are the main types of
tumors that spread to the heart, followed by lymphomas,
breast carcinomas, stomach carcinomas, and leukemias.
Theoretically, sarcomas from any part of the body can spread
through the blood to the heart [4].

5. How is the clinical presentation of cardiac tumors?

Cardiac tumors are neoplasms that, although uncommon,
have considerable complexities in its diagnosis and manage-
ment, clinical and surgical, because of the possibility to
resemble other cardiac pathologies, presenting in very vari-
able ways [2, 3,5, 9].

In up to 12% of the cases, cardiac tumors do not show
clinical symptoms, being diagnosed during a routine evalua-
tion or during the diagnostic investigation of another
condition. In general, the presentation of these tumors
depends on factors such as location, size, involvement, or
extension to adjacent structures, in addition to detecting the
presence of metastases. In this context, chest pain, thrombo-



Cardiac Leiomyosarcoma 137

embolic events, arrhythmias, syncope, hemoptysis, and con-
gestive heart failure are possible to be diagnosed in patients
with cardiac tumors. In rare cases, these neoplasms may also
be associated with the presence of constitutional symptoms
such as fever, weight loss, asthenia, leukocytosis or leukope-
nia, and hypergammaglobulinemia [2, 3, 5, 8, 9].

The pericardium is commonly affected by these tumors,
which even can be primarily originated in this structure. Thus,
the presence of pericardial effusion, cardiac tamponade, and
pericarditis should always be investigated in clinical evalua-
tion [2, 5].

6. How is the diagnostic approach in patients with cardiac
tumors?

Since cardiac tumors are infrequent and may be present
asymptomatically until they grow and/or sufficiently infiltrate
the myocardial tissue to cause symptoms, a high degree of
clinical suspicion for the diagnosis at an early stage is neces-
sary. Given the low specificity of the clinical signs, comple-
mentary tests have a prominent role in the evaluation of
patients presenting cardiac tumors [2, 3,5, 8, 9].

The ECG may show heart rhythm disorders, with atrial
fibrillation, present in 16% of patients with malignant cardiac
tumors, and ventricular tachycardia, present in 7% of patients,
emerging as the most common findings. Laboratory tests do
not have great specificity but may show the presence of high
levels of inflammatory markers [2, 3].

To increase the accuracy of diagnosis, imaging studies have
an important role. Echocardiography, computed tomography,
and cardiac MRI are those with greater sensitivity and speci-
ficity in the detection and differentiation of these lesions in
early stages, allowing adequate surgical and therapeutic plan-
ning. Coronary angiography is usually required in patients
over 40 years, especially in the presence of associated coro-
nary artery disease [1, 2, 5].

Histopathological and immunohistochemical evaluation
after tumor resection eventually confirm the classification
of the tumor and help to assess the need for neoadjuvant
therapies [2, 3].
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7. What are the characteristics of the tumors with the
classification of the one reported in this case?

Leiomyosarcomas are tumors that have a mesenchymal ori-
gin, presenting smooth muscle differentiation. These neo-
plasms have no gender preference, affecting individuals with
a mean age of 40 years. They are a group of rare and aggres-
sive tumors that account for about 10% of all cardiac sarco-
mas [2-4].

These sarcomas are located predominantly in the left
atrium, often invading the mitral valve and the pulmonary
veins, and in some cases, even the lung infundibulum can be
stricken [2, 5,8, 9]

Macroscopically the tumors usually have grayish, firm, and
sessile aspect. Histologically, the presence of fusiform bun-
dles with cores and blunt ends and areas of tumor necrosis
and high mitotic activity are common findings [4, 6, 10].

In immunohistochemical analysis, leiomyosarcomas have
strong positivity for the presence of smooth muscle actin,
desmin, and vimentin [4, 6, 10].

8. What is the best therapeutic approach in cases like the one
described above?

The treatment is not standardized, especially due to the rarity
of these tumors and to the lack of specific guidelines; how-
ever, an approach which usually consists of surgical resection
of the tumor is preferable for the possibility of improved
prognosis and relief of the patient’s symptoms. Complete
resection of the tumor with adequate surgical margins, both
laterally and in depth, is recommended, but in cases of very
large tumors or with a high degree of infiltration, this
approach is challenging [3, 4, 9].

The use of chemotherapy or adjuvant radiotherapy is
shown as recommended and systemic therapy indicated in
patients with advanced disease or evidence of tumor
recurrence. Heart transplantation is not discarded in cases in
which there is no evidence of distant metastases [2, 5, 8, 9].
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Review About the Addressed Disease or
Treatment

Columbus, in the sixteenth century, made the first description
of a cardiac tumor. Centuries have passed, and, until Barnes
diagnosed, for the first time, a primary cardiac sarcoma in
1934 and Crawford in 1954 performed surgical resection of a
myxoma, almost all cardiac tumors were diagnosed only after
the death of patients at autopsy. This was a reality that has
changed only during the second half of the twentieth century
due to the comprehensive development of echocardiography
and important advances in cardiovascular surgery [3, 8, 9].
As previously reported, in this case, the clinical presenta-
tion of this neoplasm depended on factors such as location,
size, extension, and involvement of adjacent structures.
Because of the left atrial and mitral valve involvement, dys-
pnea and fatigue were presented as the main symptoms
resulting from the presence of the leiomyosarcoma. If the
diagnosis was not established early, increased systolic pulmo-
nary artery pressure, atrial arrhythmias, and worsening of
mitral stenosis as a result of growth and tumor infiltration
could occur, leading to deterioration of cardiac function and
worsening of patient’s prognosis [1, 4, 6, 10].
Echocardiography is shown as the method of choice in the
evaluation start, allowing evaluation of the size, shape, and
location of the tumor consistency [1, 10]. In CT scans, it can
be noted that leiomyosarcomas usually arise in the posterior
wall of the left atrium, presenting as hypoattenuating irregu-
lar masses [1]. MRI can also be used for detection and tumor
staging evaluation, usually depicting a mass isointense in T1
mode, and hyperintense on T2, especially after contrast appli-
cation, findings consistent with the illustrated in the case [1].
Due to the aggressive nature of the tumor, with rapid invasion
of adjacent structures, surgical resection is basically palliative, in
order to alleviate the symptoms resulting from the clogging of
valves or blood vessels of great importance, and most patients
have died less than 1 year after the onset of symptoms [3, 8, 9].
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Chemotherapy and radiation therapy in adjuvant charac-
ter associated with extensive surgical resection and subse-
quent neoadjuvant chemotherapy could promote
improvement of long-term prognosis of this patient that actu-
ally is in oncological monitoring [4, 6, 10].
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Clinical Presentation

A 7l-year-old woman was referred for a cardiologic evalua-
tion, with a report of chest pain in the last 24 h. The chest pain
started at dawn and was characterized as burning, radiating to
the jaw and back, associated with diaphoresis and nausea. The
patient sought the emergency unit at 10 am of the same day,
and she was hemodynamically stable, breathing spontane-
ously in a comfortable pattern, referring nausea. She vomited
while in the emergency room. Her medical history was posi-
tive for arterial hypertension, type 2 diabetes mellitus, and
dyslipidemia. She was a smoker for 30 years, and she had also
obesity class IT (BMI 374). She was also sedentary. Her family
history was not reported. She didn’t have any abnormalities
at physical exam.

L.B. da Silveira de Araujo () - M. T. de Magalhdes Andrade
T. de Lima Quinteiro - R. A. Jinior - A. M. S. Fernandes
Federal University of Bahia (UFBA), Salvador, BA, Brazil

© Springer Nature Switzerland AG 2019 143
R. M. S. Almeida, F. B. Jatene (eds.), Cardiovascular Surgery,
https://doi.org/10.1007/978-3-319-57084-6_12


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-57084-6_12&domain=pdf

144 L. B. da Silveira de Araujo et al.

Diagnosis, Assessment, and Treatment

At the emergency unit, electrocardiography (ECG) showed
ST elevation in inferior and anterior walls (Fig. 1). Therefore,
acute coronary syndrome (ACS) protocol was initiated and
transfer requested, with no report of thrombolysis. In addi-
tion, the patient had attended an emergency unit with similar
painful episode 5 days prior, when ECG was performed, but
the patient was discharged. An ECG analysis showed an ST
elevation in D2, D3 (D3 > D2),aVF,V5,V6,V7 V8, V3R, and
V4R, compatible with right coronary injury with impairment
of the right and left ventricles’ posterior wall. Then she was
referred to the emergency hemodynamics service.

A coronarography was performed at about 11:30 AM, which
showed an occlusion of the middle segment of right coronary
artery (RCA) with thrombus image, an occluded circumflex
artery, and anterior descending artery (ADA) with middle seg-
ment lesion 50-75% and 90% average distal lesion. It was pre-
scribed anticoagulation for 7 days, after which another
coronarography would be performed, in order to evaluate the
possibility of percutaneous transluminal angioplasty of the
RCA. At about 9:30 PM, patient started fast clinical deteriora-
tion, with hemodynamic instability, tending to hypotension and
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Ficure 1 ECG accomplished at 12h09, on September 24. It shows a
ST elevation in D2, D3 (D3 > D2), aVF, V5, V6, V3R, and V4R,
which means that a right coronary injury with impairment of right
ventricular and left ventricular posterior wall occurred
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uncomfortable ventilation pattern, using an O, catheter to keep
SatO, within limits. After starting noninvasive ventilation, the
patient presented with worsening of hypotension and need for
vasoactive drugs (norepinephrine and dobutamine).

At 00:00 AM of the following day, she was submitted to the
second coronarography, which showed a severe three-vessel
obstructive pattern, with diffuse involvement of coronaries:
RCA with an apparently recent occlusion and severe mitral
insufficiency with significant opacification of the left atrium
and pulmonary veins (mechanical complication of acute myo-
cardial infarction). An intra-aortic balloon pump was intro-
duced, and the surgical team was contacted. She maintained
unstable hemodynamics in use of noradrenaline 35 ml/h and
dobutamine 10 mcg/kg/h and maintained a comfortable venti-
lation pattern on mechanical ventilation and good gas
exchange analysis. An echocardiogram was performed on the
morning of the same day, which showed mild aortic and tricus-
pid insufficiency, moderate mitral regurgitation with moderate
regurgitation fraction, lower akinesia of the left ventricle,
mild/moderate pulmonary hypertension, and left ventricular
ejection fraction (LVEF) (Simpson) of 55%.

After discussion with the surgical team, conservative treat-
ment was chosen. The patient remained in hemodynamic insta-
bility, even in use of intra-aortic balloon pump, requiring high
doses of vasoactive drugs. Nonresponsive to treatment, she
evolved with presented with anuria, pulmonary congestion and
a drop in blood pressure, refractory to vasoactive amines with
subsequent cardiac arrest. The patient died at 7:23 PM of the
following day.

Questions

1. How can one classify chest pain according to the Coronary
Artery Surgery Study (CASS)? What are the possible
differential diagnoses for each of the ratings?

Once the history of the pain is obtained, the physician makes
a global assessment of the symptom. This classification
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scheme for chest pain classifies it into three groups: typical
angina, atypical angina, or noncardiac chest pain. According
to this, typical angina presents when someone has the follow-
ing: (1) substernal chest discomfort with a characteristic qual-
ity and duration; (2) pain that is triggered by exertion or
emotional stress; (3) pain that is relieved by resting or using
nitroglycerin (NTG). Atypical angina occurs when only two
of these are present, and the chest pain is considered noncar-
diac when only one or none of the above is present [3].

2. What is the pathophysiology of STEMI? Which typical
symptoms of STEMI this patient presented? What are the
most prevalent findings on physical examination of a patient
with STEMI?

Myocardial infarction is the death of cardiomyocytes caused
by prolonged ischemia, which spreads from the sub-endocar-
dium to sub-epicardium [5]. The ischemia is usually caused by
asudden rupture, thrombosis,and/or vasospasm of an inflamed
atherosclerotic plaque. A smaller portion is associated with
atherosclerotic plate erosion [8]. A persistent and intense left
chest pain, radiating to the left arm, which does not improve
or only has partial relief with rest or sublingual nitrates, char-
acterizes the typical presentation of a STEMI. Irradiation to
jaw, right upper limb, back, shoulders, and epigastrium is also
possible. In patients with diabetes, in elderly or those in post-
operative period, the STEMI may occur in the absence of
pain, but with nausea, dyspnea, tachycardia, or confusion. This
patient reported chest pain lasting for about 24 h, character-
ized as burning, with radiation to the jaw and back, associated
with diaphoresis and nausea [5]. Although there was no altera-
tion found at physical examination of this patient, frequently
cardiac auscultation may reveal tachycardia (associated with a
worse prognosis), valvular murmurs (due to ischemic valvular
dysfunction), and a third heart sound (associated with acute
ventricular failure). Hypotension may be an early symptom of
cardiogenic shock [5].

3. Which is the importance of STEMI risk factors?

Risk factors for STEMI include previous cardiovascular dis-
eases (coronary artery disease, brain vascular disease, and
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occlusive peripheral artery disease), subclinical atherosclerosis,
previous artery revascularization procedures, diabetes mellitus,
arterial hypertension, dyslipidemia, chronic kidney disease, age,
and smoking [10]. Some of these factors are included in STEMI
classification parameters through TIMI risk score, which con-
siders age (>75 years old), history of arterial hypertension,
diabetes mellitus, and angina. This classification allows deter-
mining patient management, estimating the degree of ventricu-
lar dysfunction, and evaluating the prognosis of STEMI [4].

4. Why is it important to analyze the biochemical markers of
myocardial injury in the diagnosis of ACS? Which
biochemical markers should be analyzed?

Biochemical markers of myocardial injury are essential to
assist in the diagnosis and prognosis of patients with acute
coronary syndrome (ACS). In patients with suggestive symp-
toms of ACS, biochemical markers are useful to confirm the
diagnosis of myocardial infarction. They also provide impor-
tant prognostic information, since there is a direct association
between elevated serum markers and the risk of cardiac
events in short and medium term [2].

Myoglobin is a very early marker of myocardial necrosis,
preceding the release of CK-MB in 2-5 h, but it is not a car-
diac-specific marker, so its main advantage is the early detec-
tion of ACS in patients at a high level of suspicion [2].
CK-MB is still widely used in clinical practice, although it’s
major limitation is the rise after damage in no cardiac tissues
(false positives), with 97 % sensitivity and 90% specificity for
the diagnosis of AMI. The subforms of CK-MB were
employed as early markers of myocardial injury [2]. The
troponins are proteins of the complex of myofibrillar regula-
tion, which are not present in smooth muscle. There are three
subunits: troponin T (TnTc), troponin I (Tnlc), and troponin
C. Troponin C is co-expressed in skeletal muscle fibers of
slow contraction and is not considered as a cardiac-specific
marker. Troponins’ main advantages compared to CK-MB
are (1) increased specificity for myocardial injury and (2)
ability to detect small amounts of myocardial damage not
detectable by CK-MB tests. TnTc and Tnlc are currently the
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biochemical markers of choice for detection of myocardial
necrosis in patients with suspected ACS. Cardiac troponins
remain high after 24 h of onset of symptoms [2]. Although the
troponins are also important prognostic risk factors, they
should not be used alone to set the risk of patients with
ACS. The majority of patients who develop complications
starts with normal troponins. No biochemical marker is per-
fectly accurate to determine myocardial damage [2].

5. Which are the indications for coronarography? In this
case, why coronarography was indicated for the patient?

Coronary angiography is defined as the radiographic visual-
ization of the coronary vessels after the injection of radi-
opaque contrast media. It is performed to evaluate or confirm
the presence of luminal obstruction of the coronary arteries
and to determine the necessity of surgical treatment (coro-
nary angioplasty or cardiac surgery) [7].

This test is indicated for those patients classified as high
and intermediate risk. According to ACC/AHA guidelines
for coronary angiography, a patient is considered at high risk
when at least one of the following features is present: (1)
prolonged ongoing (>20 min) chest pain; (2) pulmonary
edema, most likely related to ischemia; (3) angina at rest with
dynamic ST changes >1 mm; (4) angina with new or worsen-
ing MR murmur; (5) angina with S3 or new/worsening rales;
and (6) angina with hypotension. Intermediate risk is defined
by no high-risk features but has one of the following features:
(1) prolonged (>20 min) angina at rest, resolved, with moder-
ate or high likelihood of CAD; (2) angina at rest (>20 min or
relieved with rest or sublingual nitroglycerin); (3) nocturnal
angina; (4) angina with dynamic T-wave changes; (5) new-
onset CCSC III or IV angina in the past 2 weeks with moder-
ate or high likelihood of CAD; (6) pathological Q waves or
resting ST depression <1 mm in multiple lead groups (ante-
rior, inferior, lateral); and (7) age > 65 years [7].

Patients classified as low risk are characterized by no high-
or intermediate-risk features. For those patients, coronary
angiography is not indicated, and these patients are stratified
by noninvasive methods [7]. The patient of the case presents
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some features that include her as high risk: prolonged ongo-
ing chest pain (about 24 h) and the angina at rest with
dynamic ST changes >1 mm. Therefore, coronary angiogra-
phy is indicated for this patient.

6. Why was an intra-aortic balloon pump introduced on this
patient?

The intra-aortic balloon pump (IABP) improves diastolic
coronary blood flow and reduces myocardial work. These
physiological effects of the IABP are especially helpful in
patients with STEMI with ongoing or recurrent ischemic dis-
comfort, hypotension from ischemia-mediated LV dysfunc-
tion who do not respond to other interventions, and
cardiogenic shock that is not quickly reversed with pharma-
cological therapy [1]. Therefore, it is a useful stabilizing mea-
sure for patients in whom cardiac catheterization and
revascularization are considered. It should be used in addi-
tion to medical therapy for these patients [1]. As the patient
of the case presented hemodynamic instability, even with
vasoactive drugs, tending to hypotension and with uncom-
fortable ventilation pattern, it is possible to include her on
the indications for introduction of IABP.

7. How should be the electrocardiographic evaluation of a
patient admitted with complaints of chest pain?

The assessment of electrocardiographic examination should
be performed ideally in less than 10 min of presentation to
the emergency, and it is the center of the initial decision-
making in patients with suspected AMI. It is important to
evaluate serial tracings in a short period of time (5-10 min),
if the patient remains symptomatic, due to the possibility of
nonspecific ECG changes, and this reevaluation strongly
increases the sensitivity of the method. After therapy has
been instituted, the ECG should be repeated 3, 6,9, and 12 h
after admission and daily until discharge from the coronary
care unit [4].

8. What is the pathophysiology of ischemic mitral
regurgitation?

Ischemic mitral regurgitation is a frequent complication of
left ventricular global or regional pathological remodeling



150 L. B. da Silveira de Araujo et al.

due to chronic coronary artery disease. It isn’t a valve disease
but represents the valvular consequences of increased tether-
ing forces (papillary muscles displacement leading to a more
apical position of the leaflets and their coaptation point) and
reduced closing forces (reduced contractility, dyssynchrony of
the papillary muscles, intra-left ventricular dyssynchrony).
Although mitral regurgitation has an unloading effect and
reduces impedance, the volume overload causes further left
ventricular dilatation and increases ventricular wall stress,
leading to worsened performance. The volume overload due
to MR contributes to a vicious circle: the more remodeled the
LV, the more severe the MR which triggers further LV dilata-
tion and, thus, further MR. This cycle has important effects
on LV geometry, leading to a rather spherical LV [6].

9. What impact in mortality does the surgical treatment
have? What are the main indications?

Current studies have documented that there are better clini-
cal outcomes with lower mortality after the surgical treat-
ment of MR with revascularization. Current research
demonstrates that combined mitral valve repair and revascu-
larization resulted in less postoperative mitral regurgitation
and a similar 5-year survival when compared with revascular-
ization alone [9].
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Clinical Presentation

Female patient, 70 years old, admitted to the emergency of
Beneficencia Portuguesa Hospital, in April 2016, with a typi-
cal chest pain for 2 h associated with pain in the left shoulder
and dyspnea on moderate exercises, with progressive worsen-
ing on the last 30 min.

On physical examination, the patient was in regular gen-
eral condition, oriented, with intense sweating, also being
observed jugular stasis. Cardiac auscultation showed regular
rhythm, in two stages, with normal sounds and without heart
murmur, and lung auscultation revealed bilateral vesicular
murmur with rales/crackles in bases, without lower limb
edema. Her heart rate was 86 beats per minute, blood pres-
sure of 160/90 mmHg, respiratory rate of 17 cycles per minute,
and axillary temperature of 36 °C.
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Diagnosis, Assessment, and Treatment

The initial management requested an electrocardiogram
(Fig. 1), which indicated a left branch block and atrioven-
tricular block of first degree. Laboratory tests showed ele-
vated cardiac enzymes (Table 1), and a chest X-ray showed a
pulmonary congestion. The patient developed acute pulmo-
nary edema, requiring diuretic administration and
nitroprusside.

The patient was managed initially as presenting an acute
coronary syndrome and admitted for more exams. The trans-
thoracic echocardiography showed an ejection fraction of
0.35, akinesia of the septal wall, anterior mid-apical hypoki-
nesia, and lower middle-basal hypokinesia. After 5 days of
hospitalization, an angiography was performed that showed a
slight obstruction of 40% in the proximal third of the right
coronary artery (Fig. 2).

After 11 days of hospitalization, it was requested a new
transthoracic echocardiography that showed a systolic dys-
function on the left ventricle with a diffuse hypokinesia and

Ficure 1 Electrocardiogram. (Source: prepared by the authors (2016))
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TaBLE 1 Cardiac enzymes
April 21,2016  April 22,2016  April 22,2016

21h23min 2h10min 5h53min
CK (UN) 34 30 298
Troponin <0.100 0.295 0.098
(ng/ml)
BNP - 4658 5623
CK-MB 9.1 8.2 30
(ng/ml)

Source: prepared by the authors

Ficure 2 Coronary angiography. (Source: prepared by the authors
(2016))

asynchrony of the septal wall, and an ejection fraction of 0.60,
indicating a rapid ventricular recovery.

The patient obtained good clinical outcome with support-
ive treatment, and after 13 days in the hospital, she was
asymptomatic and discharged home with the following medi-
cations: acetylsalicylic acid, isosorbide mononitrate, statin,
and spironolactone.
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Questions

1. What is the main differential diagnosis of Takotsubo
syndrome?

Acute coronary syndrome. The clinic points to an acute coro-
nary syndrome. The patient has chest pain associated with
shortness of breath and adrenergic symptoms with elevated
cardiac markers [1, 2].

2. What is the clinical difference between acute coronary
syndrome and sindrome Takotsubo?

Takotsubo courses with a rapid evolution of the ventricular
function. The reasoner this event, is the release of catechol-
amines with sympathetic stimulation, leading to spasms of the
epicardial coronary arteries and vascular spasms. Because of
these spasms, the ventricular function can be recovered quickly.
3. In the acute phase, which is done to ensure the diagnosis?

Coronary angiography is the major exam used in the acute
phase. We are talking about a disease in which there are vas-
cular spasms, so angiography is the great test to assess if there
is obstruction, the level of obstruction, and what can be done
to reverse the condition.

4. What is the principle pathophysiological mechanism
related to microvascular spasm and myocardial injury?

The release of catecholamines leads to an exacerbated sym-
pathetic activation. Faced with this adrenergic discharge, the
ventricle beats disorderly, for not keeping up with the pace
that has now been demanded. With all this disorganization,
there are vascular spasms in the epicardial arteries and micro-
vascular spasms.

5. Who are the suspected patients?

Postmenopausal women with acute coronary syndrome that
do not correspond to electrocardiographic changes and
biomarkers.

6. What sex is more affected?

Although it is still little elucidated, the disease happens to be
detected in the patient after the menopause, which causes us
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to associate the hormonal load related to the female. By vir-
tue of this, the female sex is the most affected.

7. What is the need for the echocardiogram in the
investigation of the disease?

The great benefit of the echocardiogram is related to the
measurement of the ejection fraction. After following the
values, you can follow an evolution of the ventricular func-
tion. As we know that the disease is present with a rapid
improvement of the ventricular function, in the quality of the
control, we can guarantee the safety of the diagnosis.

8. What is the pharmacological therapy for a disease?

Antiplatelet to prevent the formation of thrombi and vasodi-
lator to avoid spasms. If the patient has developed pulmonary
edema, a diuretic is necessary.

Thematic Thread Discussion

The Takotsubo syndrome was described initially in Japan,
known as a transitional left ventricular dysfunction in the
absence of obstructive coronary artery disease, and is associ-
ated in most cases with psychological stressors [3, 4]. The
similarity of the clinical manifestation from the Takotsubo
disease with myocardial infarction causes the underdiagnosis
of this disease.

The patient had a chest pain associated with dyspnea and
sweating imitating coronary syndrome, with elevation of car-
diac enzymes. The echocardiogram performed 1 day after the
symptoms, showed a previous medium-apical hypokinesia
and mid-basal hypokinesia on bottom of the left ventricle,
and an ejection fraction of 0.35. The second echocardiogram
performed 11 days after the first one, indicated an ejection
fraction of 0.60, showing a significant improvement and rapid
recovery of the ventricle. In addition, coronary angiography
showed no significant obstructions to justify the clinical
conditional.

The pathophysiological mechanisms are not well eluci-
dated, but it is known that there is a significant increase in
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catecholamines, and this sympathetic stimulation can lead to
ventricular hypokinesia contributing to spasms of the epicar-
dial coronary arteries, microvascular spasm, or injury to myo-
cardial cell.

The diagnosis of Takotsubo cardiomyopathy should be
suspected in women after menopause who have an acute
coronary syndrome in the clinical manifestations, and ECG
abnormalities are disproportionate to the degree of elevation
of cardiac biomarkers. Apical ballooning or mid-ventricular
hypokinesia is usually seen on the left ventriculography or
echocardiography.

As a transitional disease, the patient evolves with rapid
recovery of left ventricular function in a few weeks [5, 6].
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Clinical Presentation

NSG patient, female, 5-year-old, black,native of Rio Brilhante,
was admitted to the Hospital Benevolent Association of Rio
Brilhante, in 2002, referring abrupt onset of fever, polymor-
phous rash, arthralgia, and rash desquamation on hands and
feet. Initially, it was suspected of being the case of meningitis
and rheumatoid arthritis as diagnostic hypotheses. Without
further clarification, the patient was referred to the University
Hospital of Campo Grande — MS, being hospitalized for
11 days. In this period, additional tests were done such as
transthoracic echocardiography and electrocardiography
(ECG), suggesting the clinical finding of Kawasaki disease.
The patient was discharged by treatment with acetylsalicylic
acid 100 mg daily for 4 months.
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At age 17 the patient had chest pain in distress, severe
dyspnea, sweating, nausea, and vomiting, being transmitted to
Evangelical Hospital in Dourados — MS, on December 2014.
At the time, denied dyslipidemia, hypertension, smoking, and
diabetes mellitus. On admission, the patient had Hb = 12.8 g/
dL, Ht = 372%, SO, = 99.3%, BP = 120/80 mmHg, and
HR =102 bpm. In the anteroposterior (AP) chest radiograph,
an increased and irregular hilar and pulmonary vasculature
was revealed and the heart area was on the upper limit of
normality. In the hemodynamic study, the patient presented
left ventricle with normal contraction; coronary calcification;
coronary aneurysms in the left main coronary artery (greater
inner diameter 8.03 mm) and proximal left anterior descend-
ing (larger inner diameter 9.28 mm), circumflex (higher inter-
nal diameter 5.32 mm), and right coronary artery (greater
inner diameter of 11 mm and outer diameter 14.5 mm); and
right coronary dominance, setting coronary insufficiency. The
ECG was normal (Fig. 1).

Ficure 1 Electrocardiogram unchanged. (Source: prepared by the
authors)
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Diagnosis, Assessment, and Treatment

In the AP chest radiograph, an increased and irregular hilar
and pulmonary vasculature was revealed and the heart area
was on the upper limit of normality. In the hemodynamic
study, the patient presented left ventricle with normal con-
traction; coronary calcification; coronary aneurysms in the
left main coronary artery (greater inner diameter 8.03 mm)
and proximal left anterior descending (larger inner diameter
9.28 mm), circumflex (higher internal diameter 5.32 mm), and
right coronary artery (greater inner diameter of 11 mm and
outer diameter 14.5 mm); and right coronary dominance, set-
ting coronary insufficiency. The ECG was normal.

After a hemodynamic study, there were absences of struc-
tural pathologies of the arteries of the proximal superior and
mammary limbs, being necessary to opt for the surgical con-
duction, with revascularization of the myocardium. Laboratory
evaluation showed changes in LDL (166.20 mg/dL), total
cholesterol (242 mg/dL), AST (41.1 U/L), ALT (49.2 U/L),
and glucose (106.3 mg/dL). Lactate, urea, creatinine,
C-reactive protein, and coagulation tests were normal.

After 5 days of hospitalization, the patient underwent com-
plete revascularization of the myocardium. Held dissection of
the left internal thoracic artery and right and left saphenous
vein. Continuing, the anastomosis of the right internal thoracic
artery was performed to the left anterior descending artery
with 7-0 prolene, anastomosis of the left internal thoracic artery
to the marginal coronary artery with 7-0 prolene, anastomosis
of saphenous vein segments with posterior descending artery
with continuous polypropylene 7-0, and anastomosis between
the saphenous vein and the ascending aorta. Postoperatively
started dobutamine and sodium nitroprusside. The patient pro-
gressed in good general condition (GGC) with
MAP =95 mmHg, HR =70 bpm, and SO, = 100%. On the first
postoperative day progressed hemodynamically stable GGC,
afebrile, good ventilation, and good SpO, standard. Still, the
patient showed good diuresis, uneventfully. Physical examina-
tion showed the lungs had vesicular murmurs present with
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adventitious sounds and normal cardiac rhythmic with two
sounds, without murmurs. On the second postoperative day,
the use of sodium nitroprusside was interrupted, remaining the
use of dobutamine. In the third postoperative day, medications
in use were removed and was prescribed hospital discharge.

Questions

1. What is the incidence of chest pain in children?

According to some studies, the pediatric population with
chest pain complaint is from 0.3% to 0.6% of the consulta-
tions, both in clinics and in emergency services.

2. What are the most common causes of chest pain in
children?

Although it is quite a frequent complaint, chest pain in this
age group rarely has a cardiovascular origin, which, according
to some studies, ranges from 1% to 7%. The most frequent
causes are musculoskeletal disorders, arising from trauma,
costochondritis, muscle strain, and other causes, followed by
idiopathic, respiratory (pneumonia, asthma, pneumothorax),
psychogenic (anxiety, depression), and gastrointestinal
(reflux, peptic ulcer) diseases. Cardiovascular causes, although
quite unusual, are considered the most serious, standing out
myocardial ischemia due to angina, coronary anomaly, family
atherosclerosis, and Kawasaki disease, among others. There
are still other cardiac chest pain causes, such as myocarditis,
cardiomyopathy, and aortic dissection.

3. What is the incidence of Kawasaki disease?

Kawasaki disease has universal occurrence and affects all
pediatric groups, and 85% of cases are in patients up to 5 years
old. It has a higher incidence in boys, around 1.5:1 in relation
to girls. Regarding ethnicity, the prevalence is higher in Asian
individuals. The occurrence is rare in patients over 8 years old.
4. What are the most common clinical manifestations?

Kawasaki disease consists on a generalized systemic vasculitis
predominantly affecting the medium-caliber vessels, particu-
larly coronary arteries. It is characterized by a fever, rash and
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conjunctival and oral erosion, hands and feet edema, ery-
thema of the palms and soles, scaly rash, cervical lymphade-
nopathy, and polymorphous rash. The untreated can lead to
the development of cardiovascular sequelae such as aneu-
rysms and stenosis and development of acute myocardial
infarction frame by rupture or thrombosis evolving to sudden
death.

5. How to evaluate? Which tests should be asked?

After the suggestive clinic, the first test to be considered is
the coronary echocardiography, which has high specificity
and sensitivity to show changes in the proximal segments of
the coronary arteries, which can show a coronary arteritis
before aneurysm formation. Another complementary exami-
nation option is the magnetic resonance imaging that has the
advantage when compared with echocardiography in detect-
ing changes in the distal segments of the coronary arteries.
Angioresonance and computed tomography may also be
required. Angiography is the gold standard to assess cardiac
impairment.

6. How is the treatment?

The treatment of acute phase seeks to reduce inflammation
and prevent complications of vasculitis, aneurysms, and ste-
nosis. Myocardial ischemia and infarction are complications
that treatment also seeks to prevent. Intravenous immuno-
globulin (IVIG) is used to decrease the duration of symptoms
as well as the frequency of abnormalities of the coronary
arteries. It is relevant to be administered at the very begin-
ning of the acute phase, since late IVIG therapy (after
10 days of onset of disease) does not prevent vessel changes.
Acetylsalicylic acid (ASA) is used in high doses, with an anti-
inflammatory effect, which also enhances the effect of IVIG.
Corticosteroids are used in refractory cases.

7. In what conditions should the operation occur?

Surgical treatment of revascularization is indicated when
there is the presence of severe occlusion of the common
trunk or proximal segment of the left coronary artery. It is
also shown when more than one main coronary artery and/or
when collaterals are shown to be at risk.
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8. Which technique is ideal?

In coronary artery bypass grafting (CABG), the most indi-
cated grafts are the internal mammary arteries, since they
reveal growth capacity in agreement with the somatic growth
of the patient. It is suggested that this type of artery is spared
from atherosclerosis, thereby contributing to endothelial
function. Saphenous vein grafts showed good results in the
right coronary circulation.

Review About the Addressed Disease or
Treatment

Kawasaki disease is characterized by a generalized vasculitis
framework, which mainly affects the vessels of medium cali-
ber. It has universal occurrence with predominance in Asian
boys. In all cases, 85% are aged up to 5 years old, being rare
before 6 months and after 8 years. Its etiology is still unclear
but suggests a delayed hypersensitivity reaction against a
previously characterized antigen, which leads to the produc-
tion of autoantibodies against the endothelial and smooth
muscle cells, resulting in acute vasculitis. Generally, it is a
self-limiting condition characterized by presentation of
acute fever, erythema and conjunctival and oral lesions,
swelling in hands and feet, the palms and soles erythema,
desquamation rash, and cervical lymphadenopathy. The main
complication is cardiac lesions by the involvement of the
coronary arteries, corresponding to 20% of cases. This por-
tion, which ultimately leads to the formation of aneurysms,
acute myocardial infarction, and heart failure, corresponds
to cases that do not receive effective and early treatment,
mainly consisting of intravenous immunoglobulin adminis-
tration (IVIG) at high dose (2 g/kg as an infusion only for
10 h) and acetylsalicylic acid (100 mg/kg/day for 14 days fol-
lowed by 3-5 mg/kg/day for several weeks) in the acute
phase of the disease to reduce the prevalence of abnormali-
ties of the coronary arteries. Currently, the correct and early
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management brought down the rate of cardiac complications
to 4%. The cases that progress to coronary artery disease
undergo majority to CABG.
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Stable Angina
and Revascularization
in Type 1 Diabetic Patient

Carolina Kuchenbecker Soares,
André Gorle de Miranda Chaves, Gabriel Prado Saad,
Graziela Chequer, and Jéssica Silva de Paula

Clinical Presentation

D.G.L, female, 38 years old, from Belo Horizonte, Minas Gerais,
Brazil, presented to her cardiologist with stabbing precordial
chest pain complaint, that started almost 1 year ago. Pain lasts
10-15 min, does not radiate, is associated with dyspnea, occurs
in times of stress or exercise and is relieved with rest.

Past medical history (PMH): type 1 diabetes mellitus since
7 years old with diabetic nephropathy diagnosed 8 years ago
(stage IV, pre-dialysis) and retinopathy nonproliferative in
monitoring. Hypertension for 16 years and hypothyroidism
for 13 years.

In use of the following:

e Levothyroxine 100 mcg once a day
e Furosemide 40 mg twice a day

C. K. Soares (<) - A. G. de Miranda Chaves - G. P. Saad
G. Chequer - J. S. de Paula

Minas Gerais Federal University (UFMG),

Belo Horizonte, MG, Brazil

© Springer Nature Switzerland AG 2019 167
R. M. S. Almeida, F. B. Jatene (eds.), Cardiovascular Surgery,
https://doi.org/10.1007/978-3-319-57084-6_15


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-57084-6_15&domain=pdf

168  C. K. Soares et al.

Amlodipine 5 mg twice a day

Enalapril 5 mg twice a day

AAS 100 mg once a day

Allopurinol 150 mg once a day

Atorvastatin 20 mg once a day

20 IU NPH insulin in the morning, 12 UI at lunch, and 4UI
at night

Family history (FH): Father with high blood pressure and

cardiac arrhythmia (with implantation of pacemaker 2 years
ago). Mother who is morbidly obese, with type 2 diabetes
mellitus type 2 and high blood pressure.

On examination:

Blood pressure (BP): Sitting 134 x 92 mmHg, lying
132 x 84 mmHg, and after 3 min standing 132 x 88 mmHg.
Heart rate: 88 bpm. Respiratory rate: 16 bpm. Normal
remaining exam.

Diagnosis, Assessment, and Treatment

Previous exams:

Echocardiography with Doppler: left ventricle and right
ventricle with normal conformation and preserved func-
tion. Mitral and tricuspid discrete regurgitation. Ejection
fraction of 68%.

Stress test: Stopped at 04 min and 27 s of the Bruce proto-
col due to exhaustion. The absence of chest pain or other
clinical abnormalities on stress. Depressed chronotropic
response and pressor response within physiological limits.
Reaches 73% of maximum heart rate expected for age.
The absence of arrhythmias. ST segment depression
1.5 mm in DII, DIII, V5, and V6 C5M until hit effort.
Functional capacity is considered very poor according to
criteria of the American Heart Association (AHA).
Reached 4.5 metabolic equivalents (METSs) of test.
Myocardial scintigraphy stress (Fig. 1): transient myocardial
ischemia in the anterior wall of the left ventricle with mod-
erate length and marked degree, left ventricular ejection
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FIGURE 1 Myocardial scintigraphy stress test showing transient myo-
cardial ischemia in the anterior wall of the left ventricle with moder-
ate length and marked degree

fraction (LVEF) of 72% at rest, and transient ischemic dila-
tion index (TID) 0.81 (reference value <1.20).
Pharmacological stress test: 4 min after drug injection
reached heart rate (HF) 125 bpm (an increase of 42% com-
pared to baseline) and started limiting dizziness coincident
with electrocardiographic changes suggestive of ischemia
(ST segment depression in CMS5, aVL, V3, V4, and VY5).

Diagnosis: Stable angina CCS 2

Conduct: Prescribed atenolol 25 mg twice a day and prompted
cardiac catheterization. In the following appointment, the
patient reported improvement of the episodes of chest pain
after initiation of beta-blocker and brought the result of cathe-
terization that revealed severe coronary atherosclerosis: left
coronary artery free of obstructions. Severe segmental injury
(70%) in the proximal third of left anterior descending artery
(LAD) and in the ostium of first diagonal (70%). Circumflex
artery (CX) with severe obstruction (80%) in thin gauge seg-
ment. Right coronary artery free of obstructions (Figs. 2 and 3).
In spite of angina remission with beta-blocker therapy, exertion
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Figure 2 Coronary angiography showing severe segmental injury
(70%) in the proximal third of the left anterior descending artery
and severe obstruction (80%) in thin gauge segment of the circum-
flex artery

Ficure 3 Coronary angiography showing severe obstruction in the
ostium of first diagonal branch (70%)
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ECG and myocardial scintigraphy show severity parameters.
Pharmacological stenting was performed in the left descending
artery, and the diagonalis branch was left untreated.

Questions

1. What type is the patient’s angina and what is her pretest
probability of coronary artery disease (CAD)?

The pain is classified as atypical angina [3]. Stable angina is
defined when symptoms haven’t changed lately and are pre-
cipitated by a reasonably predictable exertion level and
relieved with rest and nitrates. On the other hand, a low pain
threshold associated with frequency, intensity, or symptom
duration progression predicts the unstable angina diagnostic
[4]. Typical angina is defined by a positive answer to three
simple questions: (1) Is substernal discomfort present? (2) Is
it precipitated with exertion? (3) Is it relieved by nitrates?
Two positive answers indicate atypical angina, and one or
none indicates noncardiac pain. Atypical angina is more com-
mon in women, who frequently have a variable pain thresh-
old and present atypical pain in unconventional locations.
The patient’s pretest probability would be 2-39% as can be
seen on the Diamond/Forrester and CASS Data.

2. What are the indications to carry out the exercise test in
this case?

Stronger recommendation for exertion diagnostic test is for
patients with an intermediate pretest probability (10-90%)
of CAD. It is less useful for diagnostic in patients with high
or low pretest probability. It is contraindicated in patients
with an abnormal ECG at rest (e.g., left bundle branch
block, ST segment elevation or depression, digitalis use,
Wolff-Parkinson-White syndrome, electrolytic abnormali-
ties) that does not allow appropriate evaluation of ST seg-
ment alterations.

3. What are the findings in the exercise test that support the
indication for scintigraphy?

Myocardial scintigraphy is indicated for patients who pres-
ent with atypical thoracic pain and a normal ECG at rest or
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nondiagnostic exertion ECG, as happened in the case [4].
Commonly the exertion ECG may be complemented with
perfusion imaging for a more precise diagnostic or replaced
by an alternative diagnostic approach.

4. What are the findings on scintigraphy that support the
indication for catheterization?

Coronary angiography is the standard to evaluate presence
and severity of CAD, being necessary to choose and guide
revascularization procedures [1]. Coronary anatomy must be
identified to make a proper choice of treatment. Cardiac
catheterization can also be used to perform ventriculography,
helpful in defining CAD prognostic and extension, as well as
left ventricle dysfunction, as these are the main long-term
determinants for patients with angina, clinical evidence of
heart failure and severe ventricular arrhythmia, and who
were resuscitated after cardiac arrest.

5. What are the findings in the catheterization that support
the indication for revascularization?

Coronary artery bypass graft (CABG) has a grade A recom-
mendation in >50% obstruction in proximal AD [1]. The pre-
sented patient has a severe segmental injury (70%) in the
proximal third of AD and in the ostium of first diagonal (70%)
and CX with severe obstruction (80%) in thin gauge segment,
fulfilling the formal indications for intervention (Table 1).

6. Why we opted for percutaneous revascularization instead
of surgery?

Anatomically, the presence of CAD in the left coronary trunk
or proximally in the left descending artery is important in the
revascularization strategy definition [1]. In this setting (left
descending artery disease), CABG has been shown to pro-
vide better long-term survival rates when compared to medi-
cal therapy alone and to have similar results to those of
percutaneous coronary intervention (PCI). CABG has been
shown to be superior to PCI when considering diabetic
patients with multivascular disease. Therefore, in the pre-
sented cases, the choice between the two procedures comes
down to the reference service expertise and evaluation of
comorbidities.
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TaBLE 1 Revascularization to improve symptoms with significant
anatomic (>50% Left main or >70% non-Left Main CAD) or physi-
ological (FFR <0.80) coronary artery stenoses

Clinical setting COR LOE
>1 significant stenosis amenable 1-CABG A
to revascularization and
. . 1-PCI
unacceptable angina despite
GDMT
>1 significant stenosis and IlIa - CABG C
unacceptable angina in whom Ia — PCI C

GDMT cannot be implemented
because of medication
contraindications, adverse effects,
or patient preferences

Previous CABG with >1 ITa - PCI C
significant stenosis associated

with ischemia and unacceptable ITb - CABG c
angina despite GDMT

Complex 3-vessel CAD (e.g., IlIa - CABG B
SYNTAX score >22) with or preferred over PCI

without involvement of the
proximal LAD artery and a good

candidate for CABG

Viable ischemic myocardium that ~ IIb - TMR as an B
is perfused by coronary arteries adjunct to CABG

that are not amenable to grafting

No anatomic or physiological III: Harm - CABG C

criteria for revascularization II: Harm — PCI C

Adapted from “ACCF/AHA/ACP/AATS/PCNA/SCAI/STS guide-
line for the diagnosis and management of patients with stable isch-
emic heart disease” (Fihn et al. 2012, p. 415)

CABG coronary artery bypass graft, CAD coronary artery disease,
COR class of recommendation, GDMT guideline-directed medical
therapy, LOE level of evidence, PCI percutaneous coronary inter-
vention, TMR transmyocardial revascularization
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7. To what extent does the diabetes mellitus influence the
indication of revascularization type in CAD?

Diabetic patients, especially those with advanced disease and
insulin-dependency, customarily present intense and diffuse
atherosclerotic process [4], with involvement of various seg-
ments of the coronary bed and multivascular disease. The
CABG surgery is able to effectively treat this form of multivas-
cular disease, which is why it is the preferred treatment modal-
ity for such patients. The CABG revascularization allows a
larger area than coronary angioplasty and is not subject to
complications such as the formation of intra-stent or peri-stent
thrombus. Furthermore, in cases where there is multicoronary
involvement, a common complication in diabetic patients, stud-
ies have indicated reduced mortality, less occurrence of myo-
cardial infarction, and a reduced need for re-operating when
CABG is performed, comparing with PCI. The SYNTAX
score, calculated on anatomical basis and vascular involvement
and assessed by coronary angiography, is used as a basis to
define the best procedure. In patients with a score >32, the sur-
gical option presents results clearly favor CABG, while lower
scores show uncertain benefit. The issue is still hotly debated,
but what is clear is that, based on the evidence currently avail-
able, the most effective approach option for multivascular dia-
betic patients is CABG. In case of a single-artery approach, the
two options can be considered. It is always important to indi-
vidualize the choice according to the preference of the patient
and the experience of the multidisciplinary team to define the
best approach according to particular variations.

8. What is the pharmacological optimization indicated for
patients as exemplified?

The key treatment goals of CAD include the following: (1)
prevent myocardial infarction and reduce mortality and (2)
reduce the symptoms and the occurrence of myocardial isch-
emia, providing a better quality of life [2]. As for drug ther-
apy, antiplatelet agents; lipid-lowering drugs, particularly
statins; beta-blockers after myocardial infarction; and inhibi-
tors of angiotensin-converting enzyme I (ACEI) reduce the
incidence of heart attack and increase survival.
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(a)

(b)

(©)
(d)

(e)

Aspirin: remains the antiplatelet of excellence and should
always be prescribed — except in rare cases of contraindi-
cations (allergy or intolerance, active bleeding, hemo-
philia, active peptic ulcer disease) or high likelihood of
gastrointestinal or genitourinary bleeding. Aspirin is indi-
cated for all patients. Class I, Level of Evidence A.
Thienopyridine derivatives: studies comparing the anti-
platelet effects of this drug to aspirin only included
patients with AMI, stroke, and/or peripheral arterial dis-
ease, but not specifically evaluated the patients with
chronic coronary disease. Thus, the use of clopidogrel is
indicated in absolute contraindication to the use of aspi-
rin and associated with aspirin after intervention with
stents, for at least 30 days. Class I, Level of Evidence
B. Similarly, the use of ticlopidine is indicated in absolute
contraindication to the use of aspirin and associated with
aspirin after intervention with stents, for 30 days. Class
I1a, Level of Evidence B.

Dipyridamole: dipyridamole, in the treatment of CAD, is
not indicated. Class III, Level of Evidence B.
Anticoagulants: in high-risk patients, aspirin association
with warfarin, in the prevention of myocardial infarction
and cardiovascular death, was more effective than mono-
therapy of these drugs. The warfarin use can be consid-
ered as a substitute for aspirin in the total intolerance to
the latter, as are the other antiplatelets. In patients with
CAD, INR values should be kept around 2.0 in isolated
or combined use with aspirin in high-risk patients. Its use
is so indicated in the presence of high-thrombotic risk
associated with aspirin, especially after myocardial
infarction. Class I, Level of Evidence A. And also as an
alternative to complete intolerance to aspirin. Class Ila,
Level of Evidence A.

Statins: are the best therapeutic option for the control of
serum levels of LDL-c, and the drug of choice to reduce
it in adults, and also assist in the stabilization of athero-
sclerotic plaques. In patients with CAD, they should be
used at full doses.
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Fibrates: are indicated in the treatment of endogenous
hypertriglyceridemia, when there is a failure of lifestyle
changes or when hypertriglyceridemia is very high
(>500 mg/dL).

ACE inhibitors: the benefits of ACE inhibitors in the
treatment of CAD have been proven from clinical tri-
als that included asymptomatic patients with reduced
EF and patients with ventricular dysfunction after
myocardial infarction. In individuals with increased
risk, especially in the presence of diabetes mellitus, it
decreased rates of death and adverse events. Thus, the
benefit of ACEI is confirmed even in a population with
CAD considered lower risk. The benefits are signifi-
cant for ACEI as a class and so considered. Its use is
recommended routine when there is ventricular dys-
function and/or heart failure (pode apagar esse failure
na minha opinido - Gabriel). Degree of recommenda-
tion I, Level of Evidence A. And routine in all patients
with CAD. Class Ila, Level of Evidence B.
Angiotensin receptor blockers: are alternative for
patients who cannot tolerate ACE inhibitors, since no
studies have been conducted with this group of drugs in
stable coronary disease. In other situations, no benefit
accruing is compared to ACE inhibitors, which reduce
infarction.

Review About the Addressed Disease or
Treatment

Angina pectoris is an episodic clinical syndrome due to tran-
sient myocardial ischemia and a symptomatic manifestation
of CAD [1]. When we said that angina is stable, it considers
that the symptoms are not changed recently, and these are
precipitated by a degree of predictable effort, relieved with
rest and faster with nitroglycerin. The typical presentation is
characterized by:



Stable Angina and Revascularization in Type 1 Diabetic... 177

1. Sternal discomfort

2. Provoked by exertion or emotional stress (or after large
meals)

3. Relief use at home or nitrate (in 1-3 min)

The angina is considered as atypical when the patient
reports only two of the above criteria — common in women,
the elderly and diabetics — and noncardiac chest pain when
the patient reports only one criterion.

Angina is caused by variations combined with increase in
demand infarction, decreased perfusion, and coronary artery
disease [3]. The determinants of O, supply are coronary flow,
diastolic blood pressure, and the diastolic time. On the other
hand, determinants of O, demand are myocardial contractil-
ity, heart rate, and tension in the ventricular wall [influenced
by preload (diastolic volume final) and afterload (systemic
blood pressure)].

In clinical presentation, the typical patient with angina
describes a sense of weight/pressure/constriction/suffocation
in the chest (visceral). As Cecil et al. [3] added, a patient finds
the discomfort on the sternum, usually hand in hand (Levine
sign). In general, increasing the pain-decreasing pattern fea-
tures, lasting 2-5 min, it may be referred to on shoulders and
arms (also interscapular region, neck, jaw, and dental arch
epigastrium). One must always remember that in women and
diabetic patients, angina may have atypical location [2].
Ischemic pain does not radiate to the trapezius muscle, and in
the setting of chest pain radiating to the trapezius, acute
pericarditis should be suspected. It should be investigated
also in careful history for anginal equivalent: dyspnea, nau-
sea, fatigue, and fainting (more common in the elderly and
diabetics):

e Dyspnea — drop in LV ejection fraction, leading to pulmo-
nary congestion

e Fatigue, dizziness, and feeling faint — low cardiac output

e Transient mitral regurgitation — ischemia of the papillary
muscles
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e Palpitations — tachyarrhythmias induced by ischemia
e Nausea, vomiting, sweating, and pallor — neurovegetative
symptoms
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of Myocardial Infarction
in Prosthetic Valve
Endocarditis
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Clinical Presentation

A 46-year-old man presented with a history of dyspnea and
fatigue exacerbated by a recent hospitalization related to
pulmonary edema. The diagnosis was confirmed by echocar-
diography, which revealed the presence of a bicuspid aortic
valve with a mixed lesion, predominantly stenotic. The left
ventricle had moderate systolic dysfunction and severe con-
centric hypertrophy. Past medical history was consistent with
hypertension. Surgery was indicated for symptomatic severe
aortic stenosis. A preoperative coronary angiogram did not
reveal any abnormalities. The patient was submitted to aortic
valve replacement with a stented bioprosthesis. The operation
and his postoperative recovery were uneventful. He was pre-
scribed the following medications to take at home: enalapril
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5 mg twice daily, carvedilol 6.25 mg twice daily, furosemide
20 mg daily, and ferrous sulfate 300 mg daily (orally).

Approximately 1 month later, the patient returned, com-
plaining of a high-grade fever and chills for a few days. He
was admitted to the emergency department with acute-onset
chest pain, dyspnea, and vomiting. On physical exam, he was
lethargic, febrile, pale, and hemodynamically unstable, with
cold extremities and faint pulses.

Diagnosis, Assessment, and Treatment

The admission electrocardiogram (ECG) is shown in Fig. 1.
Laboratory values on admission demonstrated remarkable
elevation of cardiac enzymes. The cardiologist on call inter-
preted the patient as having non-ST elevation acute coronary
syndrome and treated him with aspirin, clopidogrel, morphine,
and heparin. An emergent coronary angiogram (Fig. 2)
revealed a long, complex lesion on the left main coronary
artery (80% lumen obstruction) with tapering contour, sug-
gesting extrinsic compression. Due to ongoing myocardial

L

FIGURE 1 Admitting electrocardiogram
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Ficure 2 Coronary angiogram in the right anterior oblique showing
acomplex obstruction of the left main coronary artery (Abbreviation:
LAD, left anterior descending)

ischemia and hemodynamic compromise, an intra-aortic bal-
loon pump was inserted. The patient was further managed
with intravenous fluids, inotropes, and mechanical ventila-
tion. Blood cultures were drawn and identified as oxacillin-
resistant Staphylococcus epidermidis. Before the blood
cultures’ results were available, broad-spectrum antibiotics
(vancomycin, rifampicin, and imipenem) and also an antifun-
gal drug (amphotericin B) were initiated empirically. Renal
function was impaired. Transesophageal echocardiography
showed vegetations attached to the prosthesis, aortic root
abscess, and an aortic-to-right-atrium fistula. Left ventricle
ejection fraction was 36%, and there were wall motion abnor-
malities on lateral and anterior walls. Chest computed
tomography (Fig. 3) suggested that left main compression
was due to aortic root abscess or hematoma.

Urgent reoperative aortic valve replacement was indi-
cated. Postoperatively, the patient had acute renal failure
requiring hemodialysis, sepsis, transient liver failure, pro-
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Left main

Pulmonary
artery

Figure 3 Chest computed tomography showing a long obstruction
of the left main coronary artery due to extrinsic compression

longed mechanical ventilation and complete atrioventricular
block requiring permanent pacemaker. Antibiotic therapy, as
previously mentioned, was initiated empirically with vanco-
mycin, rifampicin, imipenem, and amphotericin B. Rifampicin
was discontinued on the second day of use due to mild liver
failure. Imipenem was used until the 14th postoperative day.
Vancomycin was replaced by teicoplanin shortly after the
operation due to acute renal failure, and it was used until the
30th postoperative day. Amphotericin B was used until the
34th postoperative day. Then, it was replaced by fluconazole,
which was continued for a year thereafter.

A month after the operation, the left ventricular function
had improved (ejection fraction of 58%) with a mildly dilated
ventricle and a normal aortic valve function. The patient was
discharged home 6 weeks after surgery in good condition, with
no signs of active infection. At 36-month follow-up, the patient
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FIGURE 4 Late postoperative chest computed tomography revealed
a patent left coronary artery after homograft root replacement

is currently in New York Heart Association functional class I
with no recurrent infection, and the ventricular function is nor-
mal. The left main is widely patent and the saphenous vein graft
is occluded on control chest computed tomography (Fig. 4).

Questions

1. Report the ECG in Fig. 1

Admitting electrocardiogram revealed normal sinus rhythm,
signs of left ventricle hypertrophy, and ST depression on pos-
terior and lateral leads.

2. What are the complications of prosthetic valve
endocarditis?

Although infrequent (1-4% in the first year), infective endo-
carditis may occur after aortic valve replacement [§].
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Prosthetic valve endocarditis is associated with elevated hos-
pital mortality (approximately 40%) [4] and morbidity
dependent on the infecting pathogen, duration of illness prior
to therapy, and underlying comorbidities.

The main complications of endocarditis, by prevalence, are
occurrences of cardiac complications (severe heart failure,
valve injury, pericarditis, acute myocardial infarction, conduc-
tion abnormalities, fistulous communication, perivalvular
abscess, and others), neurologic complications (cerebral
embolism, mycotic aneurysms, meningitis, stroke, intracranial
hemorrhage, cerebral abscess, and others), septic complica-
tions (infection unresponsive to treatment, persistent fever,
disseminated intravascular coagulation, and others), renal
complications (renal failure, nephrotic syndrome), extracra-
nial systemic arterial complications, septic pulmonary embo-
lisms, three splenic infarctions or abscesses, and some other
complications associated with infective endocarditis [6].

3. What is the clinical presentation of acute coronary
syndromes in patients with endocarditis?

Clinical presentation of acute coronary syndromes in patients
with endocarditis is similar to those with coronary artery dis-
ease. As systems attempt to meet stringent door-to-balloon
initiatives, it becomes imperative that a detailed history and
physical exam be performed in this narrow time window in
order to avoid unnecessary tests and/or therapeutic
regimens.

4. What investigation is most likely to be diagnostic in this
case?

The diagnostic workup of a patient with a clinical history of
high-grade fever and chills within a month after a straight-
forward aortic valve replacement with known absence of
coronary artery disease includes, firstly, a transesophageal
echocardiography [5]. It has a sensitivity and a specificity for
abscess detection of 87% and 95 %, respectively [2]. Coronary
angiogram in this particular patient was indicated based on
a misdiagnosis of coronary artery disease. Although the
angiographic appearance is typical (complex and long lesion
that often disappears on diastole), a coronary angiogram
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should be avoided because it may cause dislodgement of
septic fragments, which fortunately did not occur in this par-
ticular case.

5. What are the most likely mechanisms responsible for
myocardial infarction during infective endocarditis?

The present case describes a rare complication of prosthetic
valve endocarditis, an aortic root abscess causing external
coronary artery compression and acute myocardial infarction.
Acute coronary syndromes are uncommon in prosthetic valve
endocarditis, with a prevalence of between 1% and 3% [1].
The most likely mechanisms responsible for myocardial isch-
emia during infective endocarditis are the presence of preex-
isting coronary artery disease and coronary emboli from
aortic vegetations. Other less frequent mechanisms have
been described, such as obstruction of the coronary ostium
due to large vegetation and severe aortic insufficiency [1, 3].
External coronary artery compression due to infective endo-
carditis is also a described mechanism but is a rare occurrence
with only a few cases reported in medical literature [3, 9].

6. Why did this patient receive empiric antibiotic therapy?

The isolation of the causative organism of prosthetic valve
endocarditis is essential, and antibiotic therapy should be
delayed pending the blood culture results in cases of patients
who are hemodynamically stable with an indolent clinical
course. However, patients presenting hemodynamic instabil-
ity or acute disease should receive empiric broad-spectrum
antibiotic therapy promptly [7]. Therapy should be subse-
quently adjusted according to the culture results. The
American Heart Association (AHA) and the European
Society of Cardiology (ESC) guidelines recommend that
prosthetic valve endocarditis should be treated for at least
6 weeks with an adequate bactericidal agent.

7. How do you justify the urgent operation despite the
patient’s condition?

Although the patient was a very high-risk surgical candidate,
the urgent operation was justified due to patient’s age and
treatable heart problems, despite the presence of active infec-
tion, aortic root invasion, and abscess.
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8. How should the patient be managed in the urgent
operation?

The operation was performed with the aid of hypothermic
cardiopulmonary bypass with aortic and bicaval cannulation.
Myocardial protection was achieved with cold blood cardio-
plegia delivered through the coronary ostium and coronary
sinus. An oblique aortic arteriotomy revealed a large anterior
aortic root abscess, which had invaded the left and right coro-
nary cuspids. The bioprosthesis was removed, and the abscess
was evacuated; complete debridement of all infected material
was also performed. Both coronary buttons were carefully
mobilized and cleaned of all infected tissue. The aortic annu-
lus was severely destroyed by the infection. Aortic root
replacement with cryopreserved homograft was performed
using interrupted monofilament sutures. The coronary but-
tons were directly reimplanted on the homograft with con-
tinuous sutures. The aortic-to-right-atrium fistula was closed
with an autologous pericardium patch. Additionally, a coro-
nary artery bypass grafting with a reversed saphenous vein
graft to left anterior descending artery was performed.
Prolonged cardiopulmonary bypass and mediastinal bleeding
were problems in the operating room, requiring vigorous
transfusion and delayed chest closure on the next day.
Cultures drawn in the operating room were negative.
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Hypertension After the First
Year of Life
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Clinical Presentation

A female infant, 1 year and 10 months old with Down syn-
drome, arrived at the emergency room. The mother reported
that her child was presenting fatigue on efforts and cyanosis
since birth and suffering from repeated respiratory infections
but never was seen by a cardiologist. She also reported cough,
runny nose, and nasal obstruction for the last 5 days.

Upon admission, physical examination revealed regular
general condition. She was ruddy, hydrated, and dyspneic and
had perioral and peripheral cyanosis. Respiratory rate was 66
ipm, with a bilateral vesicular murmur, normal capillary fill-
ing, and oxygen saturation (Sa0,) of 87% on ambient air.
Heart rate was 160 bpm and cardiac auscultation revealed
regular heart rhythm with a systolic murmur +6/+6 on the left
sternal border, while second heart sound was hyperphonetic.
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The patient also presented flaccid abdomen, liver at 5 cm
from the right costal margin, spleen not palpable, and the
presence of bowel sounds.

Diagnosis, Assessment, and Treatment

The chest X-ray showed enlarged cardiac area with global
cardiomegaly and signs of increased pulmonary flow. There
were also signs of bronchopneumonia (Fig. 1). The electrocar-
diogram (ECG) showed sinus rhythm, delayed right ventricu-
lar conduction, left anterior fascicular block, left ventricular
hypertrophy with repolarization abnormality, ST elevation,
and prolonged QT (Fig. 2). The echocardiogram showed an
atrioventricular septal defect (AVSD) type A of Rastelli, sig-
nificant tricuspid valve insufficiency, persistent ductus arteri-
osus (PDA), severe pulmonary hypertension, and mild
pericardial effusion. Systolic pulmonary artery pressure was
estimated as 90 mmHg by the ECG.

At the intensive care unit (ICU), laboratory exams
showed compatible signs of infection. She began treatment
with ceftriaxone 100 mg/kg/day once a day and furosemide

Ficure 1 Chest X-ray showing increased cardiac area by right cam-
eras and dilated pulmonary artery
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Figure 2 EKG shows sinus rhythm, delayed right ventricular con-
duction, left anterior fascicular block, left ventricular hypertrophy
with repolarization abnormality, ST elevation, and prolonged QT

2 mg/kg/day four times a day. ICU stay was uneventful and
the patient was discharged in good clinical condition.
Cardiac catheterization was requested and presented as
conclusions total atrium-ventricular septal defect, important
failure of atrioventricular (AV) valve, small patent ductus
arteriosus, pulmonary hypertension, high pulmonary vascu-
lar resistance (PVR), and vasoreactivity test response with a
decrease of 92% in PVR and an increase of 4,3% of the
pulmonary artery mean pressure. On ventilation with
FiO, =100%, the PVR was 0,64 UW and Qp/Qs was 20,62:1.
(Fig. 3).

Surgical treatment of AVSD was chosen. The total correc-
tion was performed with moderate hypothermic (28 °C)
cardiopulmonary bypass (CPB). The monitoring was held by
EKG, pulse oximetry, and mean arterial pressure through
right radial catheter. Proper asepsis was performed.



194  R.von Sohsten Calabria Lima et al.

Figure 3 Cardiac catheterization shows dilated right atrium, left
ventricle with final diastolic volume and contractile function pre-
served, goose neck signal, and ascendent aorta with reduced caliber

The surgical technique consisted in a transsternal median
thoracotomy and pericardiotomy spotting an enlarged car-
diac area 3+/4+ related to increased right cavities and dilated
pulmonary trunk. Afterward, dissection of the ductus arterio-
sus was performed, followed by ligature with cotton thread.
Preparation for CPB was done by lowering temperature to
28 °C and using blood cardioplegia at 8 °C, which was
repeated every 30 min.

The aorta was clamped. A right atriotomy was performed,
evidencing thickened walls and an AVSD with large atrial
septal defect (ASD). All the strings of the posterior leaflet
presented at the top of the septum and a wide slit and dilation
of the left AV valve ring were found. On the anterior portion
of the leaflet, the strings were repaired with continuous
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suture Prolene 6.0. A flap of bovine pericardium was sutured,
dividing the leaflet into left and right valves. The closure of
left valve cleft was performed with 5.0 Prolene. Testing the
valves with saline solution, both proved competent. The
ostium primum ASD atrioseptoplasty was performed with a
bovine pericardium patch, and the ostium secundum ASD
was partially closed, leaving a 4 mm aperture, finishing the
procedure with right atrial suture. Removal of air cavities was
done and the recovery rate was in sinus rhythm. The tempera-
ture was normalized and the patient was removed from CPB
and cannulas. Protamine was done, hemostasis reviewed, and
two pacemaker wires installed on the right ventricle (RV).
Lastly, mediastinal drainage with 18 drain and curative were
performed.

The patient was transferred to the ICU. Prophylactic and
therapeutic vancomycin was initiated. Platelets, vasoactive
drugs, and vitamin K were needed. The patient was submitted
to a new chest X-ray that showed decreased cardiac area and
less pulmonary congestion (Fig. 4). A new echocardiogram
was performed showing no residual defects and decreased
pulmonary artery hypertension.

FIGURE 4 Chest X-ray after surgical treatment. Considerable
reduced size of right atrium and pulmonary congestion is observed
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Questions

1. The case describes a congenital heart defect diagnosed at
1 year and 10 months. Why does the time of this diagnosis
affect the actual severity of the disease?

The late diagnosis of this disease is directly related to the
progress of anatomical and functional changes. The left-right
shunt due to both the ASD and the VSD leads to pulmonary
hyperflow and, over time, the presence of pulmonary hyper-
tension, heart failure, pneumonia, and arrhythmias, including
atrial premature contractions, supraventricular tachycardia,
and atrial fibrillation. The magnitude of the shunt increases
with age, and the continuous increase in vascular pressure
leads to a remodeling of the pulmonary vessels and right ven-
tricular failure. All this can lead to pulmonary complications
high resistance type, such as pulmonary vascular occlusive
disease.

2. Early diagnosis of congenital heart disease is essential to
prevent or treat pulmonary hypertension in early stages.
How could it be done?

Structural malformations usually occur in the first trimester
of pregnancy and are not always detected by routine ultraso-
nography. Only fetal two-dimensional Doppler echocardiog-
raphy can determine more accurately the presence of a heart
problem. The AVSD with all its morphological variants are
among the diseases most easily detected by fetal echocar-
diography. It is important to note that the identification of the
common atrioventricular valve, usually with a septal defect of
the ostium primum and often with an inflow tract ventricular
septal defect (VSD), is the registered trademark of the defect.
The presence of systolic regurgitation of one or both compo-
nents of the atrioventricular valve is the rule, with a possible
detection by both pulsed Doppler and the color flow map-
ping. Early diagnosis combined with effective surgical
treatment is primarily responsible for the reduction of mor-
bidity and mortality in this population. In this matter, it is
important to consider the difficulty of access to health care
because this patient lives in the countryside of Brazil, and
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despite the high incidence of cardiac malformations and pro-
gression to pulmonary hypertension in people with Down
syndrome, she was never forwarded to the mandatory inves-
tigation of congenital heart disease, although it has shown
symptoms of this condition from birth.

3. What anatomophysiological factor could justify a worse
prognosis in patients with Down syndrome, when compared
with another patient suffering from the same heart disease,
however, with no syndrome?

The atrioventricular septal defect is basically characterized
by pulmonary hyperflow in the first weeks of life, but symp-
toms and signs of this disease may be absent in the first days
of life. However, several authors have suggested that children
with Down syndrome develop earlier and more rapidly pro-
gressive pulmonary vascular changes than children who do
not carry the syndrome. A possible explanation for this is that
patients with Down syndrome often have enlarged tongue
and nasal turbinate hypertrophy, which leads to a state of
hypoventilation added to the hyperflow. Thus, chronic hypoxia
is a potent promoter of pathological vascular remodeling.
This patient also has an aggravating factor for pulmonary
hypertension, patent ductus arteriosus, which also causes
hyperflow. However, in some cases, children with Down syn-
drome may also have no earlier symptoms, as in this case.
Therefore, it is worth noting that pulmonary hypertension in
patients with Down syndrome may be influenced by many
factors such as chronic airway obstruction, abnormal growth
of the pulmonary vasculature, alveolar hypoventilation,
decreased number of alveoli, and thinner pulmonary arteri-
oles, among others.

4. Atrioventricular septal defect (AVSD) is currently
classified in the group of acyanogenic congenital heart
diseases. What would be the explanation for this patient to
present peripheral and perioral cyanosis?

The presence of moderate cyanosis (oxygen saturation
80-85%) in patients with AVSD is suggestive of pulmonary
vascular obstructive disease or Eisenmenger syndrome. Thus
the defect of AVSD is considered an acyanogenic heart dis-
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ease, but some complications of this disease can cause cyano-
sis. As the pulmonary vascular resistance increases, the flow
resistance into the pulmonary circulation possibly exceeds
the resistance to flow into the systemic circulation, leading to
the right-left shunt, resulting in varying degrees of cyanosis.
The Eisenmenger syndrome is particularly common in
patients with AVSD and Down syndrome. In this case, prob-
ably the perioral and peripheral cyanosis was associated with
respiratory infection, as well as pulmonary hyperflow.

Are there differences between AVSD with and without
Down syndrome?

Most patients with Down syndrome have more of a heart
structural defect concomitantly. The highest prevalence is
AVSD associated with tetralogy of Fallot and patent ductus
arteriosus. While in patients without Down syndrome, the
AVSD appears more associated with the right ventricular
double-outflow tract and the double aortic arch.

Surgical correction of AVSD should be performed
preferably between 4 and 12 months old. What were the
surgical criteria for this patient?

If the patient still has symptoms of heart failure (tachypnea,
little weight gain, hepatomegaly) and cardiac catheterization
shows typical angiogram, Qp/Qs = 1.67, and PVR = 6.5 U/m?,
surgical treatment should be done despite the cyanosis and
high strength. Patients with complete atrioventricular septal
defect associated with left-right shunt signals with lower pul-
monary vascular resistance than 6 U/m? may be considered
candidates for surgical treatment. The long-term monitoring
of patients with ventricular septal defect and superior resis-
tance to 6 U/m? has shown good results in 79% with a signifi-
cant reduction in the pulmonary pressure. A comprehensive
analysis of previous clinical and laboratory data surgery can
guide the appropriate management.

What types of surgery are available to correct AVSD?

There are the corrective and palliative surgical treatments for
AVSD. The corrective surgical treatment aims to close the
atrial septal defect, close ventricular septal defect, avoid dam-
age to the conduction tissue, and create two atrioventricular
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valves. This treatment should be carried out using two flaps of
autologous or bovine pericardium, and the cusps sutured. If
the valves are not viable, the patient may be required to
return for an implantation of a cardiac prothesis. The pallia-
tive procedure consists in pulmonary artery banding, reduc-
ing blood flow to the lungs. However, a drop in blood
oxygenation arises, especially after a few months when the
child grows, increasing demand for oxygen. At this time, there
will be the need for reoperation to remove the pulmonary
banding and perform corrective surgery.

What is the relation between the types of surgical techniques
and mortality?

The first surgical experiences for correction of this defect
were associated with high mortality rates often due to con-
duction tissue injuries, severe regurgitation of the atrioven-
tricular valve, and subaortic stenosis. Although surgical
mortality in the correction of AVSD has declined signifi-
cantly in the last decade, surgical treatment remains a chal-
lenge. However, some authors report that mortality is higher
in the surgical technique with single retail. When the tech-
nique of one flap is replaced by the two flaps, AVSD repair is
easier because it creates less distortion and facilitates obtain-
ing a sufficient valve. Palliative treatment with pulmonary
artery banding, which in the past had a mortality of about
50%, still today has a mortality of 5-10%, even in patients
with mild impairment of atrioventricular valve. The com-
bined mortality of palliative surgery with total correction
makes early corrective surgery the best alternative.

Review About the Addressed Disease or
Treatment

The AVSD is the most frequent congenital heart disease in
patients with Down syndrome, corresponding to 40% of all
heart disease in this group of patients [1]. The AVSD is classi-
fied as an acyanogenic congenital heart disease pulmonary
blood flow, and therefore, patients in this risk group have



200  R.von Sohsten Calabria Lima et al.

more often a pulmonary hypertension frame (HP). The most
common form, which causes greater comorbidity in patients
with Down syndrome, is the complete form of AVSD. AVSD
can be classified into three types: Rastelli types A, B, and
C. The AVSD Rastelli type A is the most frequent in patients
with Down syndrome and is characterized by the complete
overlap of the upper left sheet on the left ventricle [2]. In the
AVSD, there is the presence of an ASD, VSD, as well as a
single atrioventricular valve. As a consequence of these find-
ings, there is a progressive increase in volume of blood into the
lung, causing, therefore, dyspnea and respiratory symptoms.

Preoperative assessment of pulmonary hypertension and
operability in these cases is a hard choice. Complementary
tests and clinical history provide primary data for surgery.
The chest radiography shows signs of pulmonary blood flow,
and when there is obstructive disease present, the exams
demonstrate hypertranslucency and dilation of hilar vessels
[3]. Angiography and cardiac catheterization are used for
measurement of pulmonary vascular resistance.

This patient is a carrier of Down syndrome and presented
ASVD type A of Rastelli with severe hypertension evidenced by
echocardiography. Clinical studies have demonstrated the rela-
tionship between Down syndrome and pulmonary hypertension
as the predominant clinical feature [4]. In addition, the chest
radiography obtained by the patient showed significant cardio-
megaly with dilatation fo the right cameras and of the pulmo-
nary trunk. This radiographic finding demonstrates a volume
overload in the right ventricle, probably due to the increased of
pulmonary blood flow. Angiography performed by the patient
had pulmonary vascular resistance index of 1 U/m?, as important
for surgery, since patients with pulmonary vascular resistance
index less than 6 U/m? are eligible for correction surgery AVSD,
even when they have pulmonary hypertension as a risk factor.

Surgical time is a key factor to increase the improvement
rates of clinical and survival of patients with this pathology.
The indicated age for total corrective surgery is from 4 to
6 months of life [5] and should not be delayed due to the risk
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of pulmonary occlusive vascular disease. Several authors [6—
8] have suggested that children with Down syndrome develop
changes in the pulmonary vasculature earlier and more pro-
gressively, compared with children not living with the syn-
drome. In addition, patients with pulmonary hypertension
present a significant risk factor in the surgical time. It is
known that patients with AVSD without surgical treatment
evolve to worse prognostic.
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Surgical Treatment
of Atrial Septal Defect
by Occluder Device
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Clinical Presentation

A 46-year-old patient, male, under cardiac evaluation. He
claims palpitations and denies fatigue and dyspnea. He per-
forms daily physical activity — walking 10 km/day. With a his-
tory of superior mesenteric venous thrombosis in January
2016, diagnosis of thrombophilia without other comorbidities.
He takes rivaroxaban (20 mg 1x/day), losartan (50 mg), and
HCTZ (12.5 mg in the mornings). He denies smoking and
alcoholism. He has positive family history of coronary artery
disease. On the physical examination, there were prominent
and prominent systolic impulses in the chest region, palpable
pulmonary artery pulsations in the second left intercostal
space, mesodiastolic tinnitus in the lower left sternal margin,
normal pulse, and wide and fixed division of the S2.
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Diagnosis, Assessment, and Treatment

First, electrocardiograms were requested, which showed sinus
rhythm, frequency of 75 bpm, axis deviation to the right, rSr’
pattern in right precordial leads (dilation of the right ven-
tricular outflow tract), and chest X-ray, which revealed an
increase in the right atrium and ventricle, pulmonary artery,
and its branches. Due to the alterations found, uni-/bidimen-
sional/Doppler echocardiography was requested, which
showed increased LV parietal thickness, a slight increase in
the LA cavity size, and mitral flow with increased A wave
(E/A ratio < 1), indicating alteration of the diastolic relax-
ation of the LV and pulmonary flow with increased velocity
(V = 1.52 m/s). Transesophageal echocardiography was then
requested to investigate an anomaly that caused left-to-right
shunt, which revealed an interatrial septum with a wide
ostium secundum atrial septal defect (ASD) (D: 30 mm)
(Fig. 18.1), with a bidirectional shunt, showing a bigger left-
to-right shunt (Fig. 18.2). Thus, the diagnosis of ostium secun-
dum ASD was confirmed. Due to its size and shape, significant
left-to-right shunt (ratio of pulmonary to systemic flow>
or = 2:1), and not having developed severe pulmonary hyper-
tension, percutaneous closure of the ASD by occluder device
was chosen.

FiGure 1 Echocardiography revealing interatrial septum with
extensive ASD ostium secundum (D: 30 mm)
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Ficure 2 Echocardiography revealing atrial septal defect with a big
left-to-right flow

The procedure is monitored by transesophageal echocar-
diography, and the access route is the femoral vein. Right and
left catheterization is performed with pressure measurement
in the various cavities, always taking care to identify pulmo-
nary venous drainage. Next, a rigid guide, distally, is placed in
the left superior pulmonary vein. On it, the measuring balloon
is introduced, positioned through the defect, to obtain the
stretched diameter (SD) (Fig. 18.3). The choice of prosthesis
size obeys the standard criterion two to four millimeters
above the SD. The occlusion device used was the Amplatzer
prosthesis, with two self-expanding disks corresponding to the
size of the atrial septal defect (ASD) (Fig. 18.4). A long sheath,
of caliper compatible with the size of the prosthesis chosen, is
positioned in the left atrium. Inside it, the Amplatzer prosthe-
sis is carried and the distal disk is externalized. The prosthesis-
sheath assembly is pulled toward the septum, and, by
maintaining adequate tension in the system, the proximal disk
is exteriorized in the right atrium. If the position is considered
satisfactory and without periprosthetic residual flow, the
device is detached from the release system, and the procedure
is terminated [11]. After the procedure, the patient remained
stable. The next morning, he was discharged, with instructions
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Ficure 3 Preballoon implant for better accommodation and sizing
of the prosthesis

FIGURE 4 Occluder deployed

to use aspirin (200 mg) and to maintain the prophylactic anti-
biotic therapy, which began a few hours before the procedure,
for 6 months. Clinical and echocardiographic evaluations were
also requested — in which the patient reported complete
remission of palpitation.
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Questions

1. What are they, and how are different types of atrial septal
defect distinguished?

We can distinguish different types of ASD by somatic
embryogenesis mechanism presumably affected: persistent
ostium primum ASD, ASD at the level of the oval fossa, and
persistent ostium secundum ASD.

Persistent ostium primum ASD arises most often the
abnormality of the atrioventricular cushions, which do not
offer conditions for the grounding of atrial septa. The passage
between the chambers will persist near the floor of the atria,
truly representative of passage called ostium primum.

ASD within oval fossa, the most frequent type of ASDs,
has one or more holes located within the limbo of the oval
fossa.

Persistent ostium secundum ASD has passages between
atria situated at the level of secundum ostium, being then a
passage between the atria located in the cranial portion of the
septum, near the mouth of the superior vena cava [7].

2. What factors influence the magnitude of the right-left
shunt through the atrial septal defect?

The magnitude of the right-left shunt depends on the defect
size, the relative compliance of the ventricles, and the relative
resistance in the pulmonary and systemic circulations.

In patients with small atrial septal defects, left atrial pres-
sure may exceed the right by several millimeters of mercury
(mmHg), while, when the defect is large, the average pressure
of both atria are almost identical.

During fetal life, the interatrial communication allows a
right-to-left shunt. Soon after birth, the left-to-right blood
flow is still limited by high pulmonary vascular resistance, low
systemic vascular resistance, and reduced right ventricular
compliance of the newborn. Over time, the pulmonary vascu-
lar resistance decreases and systemic vascular resistance
increases, and then the interatrial communication allows
shunting from left to right, which predominantly occurs at the
end of ventricular systole and early diastole, with some
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increasing during atrial contraction. The shunt results in dia-
stolic overload of the right ventricle and increased pulmonary
blood flow [7].

3. What are the differences in cardiac auscultation of atrial
septal defect compared to those found in acyanogenic
congenital heart disease?

When the systolic murmur is characterized by its ejection,
rude tone, being more audible in the upper left sternal bor-
der, and most of the time not accompanied by tremor, but by
a second noise fixedly deployed and hyperphonetic, the diag-
nostic suspicion falls on atrial septal defect.

Holosystolic murmur, presenting variable tone, according
to the degree of impact of the defect, with musical tone, the
one with lesser magnitude and ruder the one with higher
tone, usually accompanied by fremitus, low on the left sternal
border and radiating to the right border, indicates diagnosis
of ventricular septal defect (VSD).

Continuous murmur in the pulmonary area, with or with-
out fremitus, with varying tones, is very suggestive of the
ductus arteriosus.

In partial atrioventricular septal defect, the ejection sys-
tolic murmur, down the left sternal border, results from the
discrete passage of blood from left to the right by the inter-
ventricular communication, due to the presence of reactive
pulmonary hypertension, which limits and restricts the pul-
monary flow and the impact of heart disease [5].

4. What is the natural history of this disease?

The cases where lung flow ratio divided by the systemic blood
flow is less than 1.5 usually have important repercussions. In
cases of moderate or large ASDs (with flow ratio above 1.5),
patients usually remain asymptomatic until the third or fourth
decade of life, when there is right ventricular dysfunction and
patients begin to show signs and symptoms of right-sided
heart failure. It rarely evolves to Eisenmenger syndrome.

Symptomatic patients often complain of dyspnea and
fatigue. They may present symptoms related to right-sided
heart failure, supraventricular arrhythmias, or embolization
cases [3].
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5. What are tests requested in the investigation of CIA?

Electrocardiogram typically has sinus rhythm and right ven-
tricular overload. It is common to record complex QRS of
rSr’ morphology in the right precordial, generally of small
scale; in the left precordial, the QRS complexes appear with
thickened S waves. Only in the third or fourth decade atrial
fibrillation may appear, atrial flutter or atrial tachycardia,
especially in patients with severe left-to-right shunt.

Chest radiography is useful and presents increase in the
pulmonary vasculature with bulging of the pulmonary trunk
and increased heart area — by the increasing of RV and RA.

Echocardiography shows biatrial dilation and RV dilation;
it usually identifies directly the location, size, and atrial septal
flow. Transesophageal echocardiogram is indicated for the
percutaneous closure; it determines the number and size of
the defect, identifies the edges, shows the correct position of
the prosthesis, and evaluates residual shunt, compromising
the atrioventricular valves.

Cardiac catheterization is restricted to cases in which a
study of pulmonary hypertension must be carried out in sur-
gical patients over 40 years old, in situations where the echo-
cardiogram shows no clear definition, mainly in the presence
of associated injuries, and to guide percutaneous treatment
[1,4,9].

6. In addition to percutaneous closure occluder device, to
which other therapeutic modalities that patient could have
been submitted?

The patient could have been subjected to surgical repair, usu-
ally accomplished with pericardial patch or prosthetic mate-
rial, indicated as percutaneous occlusion in all patients with
ostium secundum ASD, uncomplicated, with significant left-
to-right shunt, that is, ratio between the pulmonary and sys-
temic flows > or = 2:1.

If this patient had pulmonary hypertension, or some
restriction to intervention treatment, the treatment of choice
would be the clinical one, which is given for immediate
eradication of respiratory infections, use of antiarrhythmic
agents for atrial fibrillation or supraventricular tachycardia,
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usual measures to control high blood pressure, and treatment
of any coronary artery disease or congestive heart failure [3].
7. What are the indications for percutaneous closure of atrial
septal defect of the ostium secundum?

It is indicated for patients with clinical significance and flow
ratio greater than 1.5:1, having diameters ranging from 6 to
34 mm. It is important that the edges of the ASD are consis-
tent to support the prosthesis and that the defect has a dis-
tance of at least 5 mm from the right superior pulmonary
vein, the mitral valve, and coronary sinus, so that these struc-
tures are not compromised by the occluder device. Patient
selection is done by transesophageal echocardiography, which
also serves as a guide for choosing the diameter of the pros-
thesis, proper positioning of it, and the presence or absence of
residual shunt.

The percutaneous closure indication should be similar to
the indications for surgery, with no justification for being
performed, because it is a less invasive method, in very small
ASDs or with no effects or complications [7, 10].

8. What is the echocardiogram most indicated for
percutaneous closure of atrial septal defect? And what are
the advantages of its use?

In closing ASD by devices introduced percutaneously, trans-
esophageal echocardiography (TEE) is indispensable not
only for the selection of candidates but especially in the
hemodynamic room, for positioning and release of the pros-
thesis, besides the immediate evaluation of residual flows and
the late follow-up. More specific information regarding the
characteristics of defects, such as number of holes, their size,
location in the septum, and characteristics of the edges that
surround them, are better evaluated by transesophageal
echocardiography, which can be performed on an outpatient
basis or immediately before the procedure, in the hemody-
namics room. Performing the transesophageal study prior to
the catheterization day brings advantages concerning the
procedure programming, device selection that will be used,
and family counseling.
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In percutaneous closure of ASD, echocardiography helps
the orifice size and the choice of the device number to be
used. It also monitors the positioning of guide wires, sheaths,
and catheters within the heart and determines the arrange-
ment of the left and right disks of the prosthesis before and
after its release. It also constitutes fundamental role of echo-
cardiography, careful analysis of the function of the aortic
and tricuspid valves, and the detection and grading of possi-
ble residual flow [8].

9. What is the importance of having a trained team to
percutaneous implant?

The echocardiographer-interventionist interaction is indis-
pensable since the implantation of the prosthesis is guided by
transesophageal echocardiography, and interventionist needs
to be familiar with and master the echocardiographic images
for correct opening and positioning of the prosthesis [6].

10. What are the major complications of percutaneous
treatment of CIA compared with the complications of
conventional surgical treatment?

Major complications of percutaneous procedure are very
rare. Embolization cases occur infrequently (depending on
the operator experience, type of prosthesis and defect size),
and can be, in general, managed in the catheterization lab
itself, with rescue devices. Late perforation with pericardial
effusion and tamponade are exceptional. The occurrence of
secondary stroke due to the detachment of a fragment of the
platelet of white thrombus, occurred in the early stages imme-
diately after device implantation, is rare, with rates of around
0.4%, corresponding to transient ischemic attacks without
clinical sequelae. Late embolic episodes are exceptional, and
there is virtually no risk after the endothelialization of the
prosthesis (about 6-12 months). Moreover, surgery presents
significant morbidity. The occurrence of pericardial effusion
is relatively common, sometimes with cardiac tamponade and
atelectasis in the postoperative infections (the wound,
pneumonia), pain, stroke in older patients, and the need for
blood products, among others [6].
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Review About the Addressed Disease or
Treatment

The atrial septum defect, an acyanotic heart disease with left-
to-right shunt, occurs in a prevalence of 5-10% among all
congenital heart defects; it is rarely diagnosed in childhood
and is predominant in females [7].

Ostium secundum ASD, the most common form of this
pathology, is located in the intermediate region of the septum
and involves the oval fossa. The sinus venosus ASD occurs in
the high atrial septum and is commonly associated with the
anomalous connection of the pulmonary veins from the right
lung with the junction of the superior vena cava or the right
atrium. The ostium primum ASD is located in the lower atrial
septum, adjacent to the atrioventricular valves, and is typical
of Down syndrome [9].

The clinical manifestations usually begin between the third
and fourth decades of life and consist of dyspnea, fatigue, and
palpitation. Onset of symptoms is probably associated with
the development of pulmonary hypertension [9].

Physical examination usually reveals prominent right ven-
tricular impulse, palpable pulmonary arterial pulsation, the
first sound of normal or unfolded heart auscultation with
accentuation of tricuspid valve closure sound, second heart
sound with wide and fixed unfolding, mesosystolic murmur in
pulmonary focus, and loud mesodiastolic murmur, more
audible in the fourth intercostal space and along the left ster-
nal border, by hyperflow through the tricuspid valve.

The electrocardiogram of patients with ostium secundum
ASD usually shows axis deviation to the right and rSr’ pattern in
the right precordial leads. In those with venous sinus ASD, the
electrocardiogram pattern may be first-degree atrioventricular
block, or atrial ectopic pacemaker, whereas ostium primum
ASD usually has the conduction defect in the right ventricle
accompanied by axis deviation to the left and orientation with
counterclockwise QRS rotation in the frontal plane [9].

Chest X-ray shows enlargement of the right atrium and
ventricle and pulmonary artery and its branches. Transthoracic
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echocardiography demonstrates dilation of the atrium and
right ventricles and pulmonary artery with paradoxical
movements of the interventricular septum in the presence of
some volume overload of the right side of the heart. In addi-
tion, the ASD can be directly observed, by means of two-
dimensional images with echo contrast or colored flow.
Transesophageal echocardiography is indicated in cases in
which transthoracic findings are inconclusive, or during cath-
eterization, to close the communication. In case of inconsis-
tencies in clinical data, suspicion of significant pulmonary
hypertension, associated malformations, or possibility of
coronary artery disease, cardiac catheterization should be
performed [9].

In the absence of contraindications, such as significant
pulmonary hypertension, the occlusion of atrial septal defects
with significant pulmonary-systemic flow (greater than or
equal to 1.5: 1) is recommended by surgical or endovascular
procedure [9].
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Percutaneous Occlusion
of a Patent Foramen Ovale

Laura Gomes Flores, Cassiana Tomazoni, Patricia Freitag,
Evandro Luis Queiroz Flores, and Rui M. S. Almeida

Clinical Presentation

A 39-year-old white female with a complaint of migraine with
aura, debilitating, recurrent, and refractory to medications
from childhood, and dyspnea on exertion for 5 years, with no
other concomitant symptoms. She reports that, at age 27 she
suffered an ischemic stroke in the posterior cerebral artery
with no thrombogenic focus found, which was diagnosed rap-
idly by acute ataxia and fugitive hemiplegia, being treated
within the golden period, leaving no sequelae. She has a seden-
tary lifestyle and denies use of medication, smoking, and alco-
holism. She presents positive family history for coronary artery
disease. In physical examination, good general condition
(stained, hydrated, anicteric, acyanotic); atypical and euphonic
thorax, without respiratory effort (retractions or use of acces-
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sory musculature); expandability preserved bilaterally; tactile
vocal fremitus bilaterally performed; clear lung sounds to per-
cussion; audible vesicular murmur without adventitious sounds;
normodynamic precordium; invisible left ventricular (LV)
stroke, palpable at fifth ICS at the left hemiclavicular line mea-
suring about two finger pulps, not propulsive; absence of fric-
tion; normal heart sounds for S1 and S2; absence of murmurs
or extrasystoles; absence of jugular vein distention (JVD);
symmetrical, synchronous, and well-amplified peripheral arte-
rial pulses; and absence of carotid murmurs.

Diagnosis, Assessment, and Treatment

A transesophageal echocardiography (TEE) was initially
requested, which revealed the presence of patent foramen
ovale (D = 18 mm), with a large right-to-left shunt, detected
by the microbubble contrast of the agitated saline (even with-
out Valsalva maneuver) (Fig. 1). Due to a history of stroke at
27 years with no identifiable cause and the result of TEE,
percutaneous occlusion was chosen because it reduces the
risk of recurrent embolic events.

H
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FiGure 1 The observer point of view, to the superior and to the left
structure, is the right atrium. Looking down to the right is the left
atrium. Separating them there is the interatrial septum, where exists
a patent oval foramen (POF) with a huge right-to-left shunt
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Echocardiographic controls were used to guide the posi-
tioning of the occlusion device. Acetylsalicylic acid was pre-
scribed to be started 5 days before the procedure and
maintained for 6 months after implantation. The procedure is
performed in a hemodynamic room and monitored by trans-
esophageal echocardiography. Initially, the femoral vein was
doubly punctured by placing two short sheaths and a right
and left catheterization with pulmonary pressure recording.
Then, an injection is made in the foramen itself so as to delin-
eate the tunnel completely. The septum is crossed (using a
hydrophilic guide, when necessary), placing the catheter in
the left superior pulmonary vein. Inside it a rigid exchange
guide is fixed, through which is inserted the long sheath, of a
suitable size, to the prosthesis to be used, positioning it in
LA. The occlusion device is chosen based on the length and
unprovoked opening of the foramen, evaluated in the TEE
and angiography. Among the available prostheses, such as
Amplatzer, Cardio, Helex, CERA, and Occlutech, the chosen
prosthesis for the patient was the Amplatzer PFO Occluder,
available in three sizes: 18, 25, and 35 mm. The prosthesis,
entangled around the release wire, is inserted in its own
loader, from where it is transferred through the long sheath
into the defect, into the left atrium. There, the distal disk is
externalized. The prosthesis-sheath assembly is pulled toward
the septum, and, by maintaining adequate tension in the sys-
tem, the proximal disk is exteriorized in the right atrium. At
this point, with the prosthesis still attached to the release
wire, a bubble study is performed by the catheter placed in
the other short sheath. If there is no bubble passage, the pros-
thesis is detached from the wire and new bubble study is
performed. If negative persists, the procedure terminates [1].

The patient was advised to use aspirin and clopidogrel for
1 month, maintaining only aspirin until the sixth month post-
procedure, when the prosthesis should be completely endo-
thelialized. In the first and third months after closure, control
was performed with transthoracic echocardiography. In the
sixth month, a TEE was performed, which revealed preserved
left ventricular (LV) global systolic function and normal
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relaxation, without detectable residual shunt. Due to the
absence of residual shunt, aspirin was discontinued. The
patient was instructed to maintain prophylaxis for infective
endocarditis for the first 6 months after the procedure. The
patient reported complete remission of migraine after percu-
taneous closure of the patent foramen ovale.

Questions

1. What is the definition of PFO, and in which population it
is more prevalent?

During pregnancy, everything the fetus needs to receive
from oxygen and nutrients is passed from the mother to the
child through the umbilical cord. This blood reaches the
heart of the fetus through the right atrium; however, as oxy-
genation does not occur in the lung, so that the blood circu-
lates and passes to the left side, much of it does through a
“tunnel” between the right and left atria called foramen
ovale.

The foramen ovale, therefore, is a normal structure and is
part of the life of the fetus. If it did not exist, there would be
difficulty in blood circulation and the fetus probably would
not survive.

Most children develop with natural ovale closure shortly after
birth, but some of them grow and become adults while maintain-
ing the patent foramen ovale. From statistical studies, it is known
that approximately 25% of normal adults have foramen ovale,
being considered relevant only when there is some complication
due to their existence (fortunately, the minority of people).

Several studies with young people (<55 years) who had a
non-determined ischemic stroke showed that, in this situa-
tion, the incidence of PFO rises from 25% in normal people
to 40% [2, 3].

2. What are the main clinical implications in a patient with
PFO?

They are stroke, migraine, platypnea-orthodeoxia, obstruc-
tive sleep apnea, decompression syndrome, surgical risk for
major surgery, and persistent cyanosis [4].
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3. What is the possible relationship between PFO and
paradoxical embolism?

It is suggested that stress can induce episodic systemic plate-
let activation and hypercoagulability, which causes transient
thrombus formation and subsequent embolization on both
the arterial and venous sides of the circulation; the latter
requires a PFO to cause a stroke (paradoxical embolism). The
sum of these two mechanisms explains cryptogenic stroke.
Certain medical conditions should take into consideration
a cryptogenic stroke, such as history of stroke <55 years of
age, either TVP or PE, Valsalva maneuver preceding the neu-
rological event, long journey in the previous 2 weeks, neuro-
logical deficit on awakening, and migraine history [5].
4. By what possible mechanisms PFO results in migraine? Is
there remission just after occlusion?

One possible explanation for this would be the paradoxical
passage of microemboli through the right-to-left shunt or
direct passage of vasoactive substances (e.g., serotonin) that
would normally be “filtered” by the lungs, from right-to-left
movement. Furthermore, PFO and migraine could be reflect-
ing manifestations of embryonic lateralization (pineal devia-
tion caused by suboptimal levels of serotonin can promote
migraine and incomplete closure of the oval fossa).

The patient, after occlusion, reported complete remission
of migraine. Some retrospective studies suggest that the clo-
sure of the PFO plays a role in its improvement, such as
Azarbal et al., who reported the presence of migraine in 42%
(45% PFO/30% ASD) from 89 stroke patients (66 PFO/23
ASD). After 3 months of closure, migraine disappeared in
75% of MA+ patients and 31% of MA—, with significant
improvement in symptoms of headache in others.

On the other hand, the MIST study [11] was a prospective,
multicenter, double-blind, randomized, and controlled trial that
evaluated the effect of closing PFO in migraine symptoms at
the time of its oral presentation. At the time of his oral presen-
tation, it was mentioned that the primary endpoint of complete
resolution of migraine (healing) was not achieved, but the sec-
ondary endpoint planned 50% reduction in days of migraine; it
was achieved in 42% of patients submitted to closure to 23% of
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the sham procedure (p = 0.038). Surprisingly, the published
results of this study were totally negative.

Therefore, to establish the real benefits of PFO closure as
a strategy in the treatment of migraine and multifactorial
etiology of disease, more studies are necessary in a random-
ized and controlled nature [1, 6].
5. How is the diagnosis of PFO established?

The method of choice is transesophageal echocardiography
sensitized by saline injection of microbubbles at the end of
Valsalva maneuver performed. Transthoracic echocardiogra-
phy can be used, but without the same sensitivity. Transcranial
Doppler ultrasound has also been used along with other
methods such as pulse oximetry, and indicator dilution, which
are validated techniques, but less sensitive; they do not distin-
guish shunts from other regions nor inform morphology of
the atrial septum [7].

6. Why was the interventional treatment chosen rather than
clinical?

Currently, the evidence points that pharmacological treat-
ment (antiplatelet agents and anticoagulants) and endovas-
cular/surgical treatment are similar in most cases; they
present results of similar recurring events — occurrence of
new ischemic stroke. These first evidences came with the pub-
lication of two important clinical studies, PCI and RESPECT
studies, both published in the medical journal New England
Journal of Medicine.

However, the long-term results of follow-up patients in
RESPECT trial showed that, in cases of younger people, with
larger and more complex PFOs, the closure with the prosthe-
sis was better.

Some anatomical factors such as the presence of concomi-
tant atrial septal aneurysm, and detection of spontaneous
shunt from right to left, through the transesophageal echocar-
diogram or transcranial Doppler study, are associated with
increased risk of stroke in patients with PFO.

Therefore, once PFO is identified, it is important to ana-
lyze the presence of the situations mentioned above, to then
assess whether it is a case with an indication of closure, or
only to follow up with outpatients with oral medications.
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Because the patient had a history of stroke at the age of 27
and presented spontaneous right-to-left shunt at the trans-
esophageal echocardiogram, we opted for closure to reduce
the risk of recurrence [8].

7. What are the advantages and disadvantages of ultrasound
guidance during catheter-based PFO closure?

Among the advantages, there is less risk of misplacement or
suboptimal placement if used in addition to fluoroscopy with
contrast medium, less missing of residual or additional shunts,
immediate information about tightness, and possibility of
forgoing fluoroscopy altogether (pregnancy and sharing of
responsibility — due to the work of two physicians).

Nevertheless, there are also some disadvantages, which
include need for general anesthesia with intubation or, at
least, a good sedation (risk of aspiration); in the case of trans-
esophageal echocardiography, discomfort of transesophageal
intubation and risk of aspiration (in case of sedation only);
and cost and complications of echocardiography (second
larger venous access required), in addition to at least the dou-
bling of procedure duration.

By the way, the patient had no residual shunt, which was
confirmed by a transesophageal echocardiogram performed
later after the operation (Fig. 2) [9].

8. What reasons can lead to residual shunt after the closure?

FiGure 2 The POF is occluded by the prosthesis, with no shunt left
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The most common reason is a device that is too small and that
will not cover enough of the width of the PFO or a device that
is too large that will stay at a distance from the septum rather
than hugging it. A similar situation can be found in case of a
partially fused PFO, with spaced apart residual shunts. There
are multiple other morphological variations which may lead
to incomplete closure. Fortunately, they are rather rare [3].

9. What are the major complications of percutaneous closure
of PFO?

The two most frequent complications are an arteriovenous fis-
tula at the puncture site in the groin (more common with simul-
taneous coronary angiography) and the creation of a new ASD
because of an erosion of the thin septum primum at the lower
rim of the device — the risk of further paradoxical embolism is
smaller than the initial PFO because this new shunt is small and
not in the direct shooting line of the inferior vena cava.

Besides these, there are also exceedingly rare complica-
tions as device thrombosis, erosion of a free wall of the atrium
and erosion of valves, or blockages of inflow from pulmonary
veins or the coronary sinus [10].

Review About the Addressed Disease or
Treatment

Patent foramen ovale (PFO) is a small hole located in the
middle of the wall of the muscle dividing the two atria, a nor-
mal structure during pregnancy that allows fetal blood flow
between the right and left side of the heart. Most of the time,
this hole closes at the date of birth or in the first months/years
of life. However, it may not close and leave an opening
between the atria. Its prevalence is 25% in normal adults and
40% in patients under 55 years of age with a history of cryp-
togenic stroke. Among the possible clinical implications,
there are cryptogenic stroke, migraine, platypnea-orthodeoxia,
obstructive sleep apnea, decompressive syndrome, increased
risk for large surgeries, and persistent cyanosis.
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The diagnostic method of choice is by transesophageal
echocardiogram sensitized with saline injection of micro-
bubbles at the end of Valsalva maneuver. Other tests for the
diagnosis are the transthoracic echocardiography and skull
echocardiography with pulse oximetry and indication of dilu-
tion; however, these present a lower sensitivity [7].

Treatment may be clinical (antiplatelet agents and antico-
agulants) or interventional (surgery or endovascular ther-
apy). The best therapeutic approach is defined according to
the risk of stroke recurrence; an interventionist approach is
preferred in patients and in those with the factors that
increase the risk of stroke, such as the presence of concomi-
tant septum aneurysm and the detection of spontaneous
right-to-left shunt during transesophageal echocardiography
or transcranial echocardiogram [8§].

In addition, some studies indicate that interventional
therapy also presents as an advantage a decrease in migraine
after the procedure, allowing its use for patients with symp-
toms of PFO and severe migraine, persistent and refractory to
intravenous therapy. However, further randomized trials are
still necessary to definitively establish this benefit [1, 6].
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Check for
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Transposition of Great
Arteries with Pulmonary
Valve Stenosis After Jatene
Procedure

Camila Rocha Vieira Torres, Eugénio Patricio de Oliveira,
Rayane da Silva Souza, Gabriel Pelegrineti Targueta,
and Marisa Wanderley Casado

Clinical Presentation

Patient newborn, male, 28 days of life, was sent to our service
because of the onset of vomiting after feeding followed recur-
rent blackouts 5 days ago, with the skin becoming increas-
ingly cyanotic. The mother reports that pregnancy did not
present any intercurrence and that she made adequate prena-
tal, with accomplishment of fetal echocardiograms in accor-
dance with their own ranges of monitoring to low-risk
pregnancy. She is not diabetic or had high blood glucose and
had no infectious episode during the pregnancy. Gestational
weeks were normal, and transvaginal parturition was at term.
The newborn had birth weight of 3750 kg and birth length of
49 centimeters and head circumference at birth was not mea-
sured. They were discharged after a day of parturition. The
child was asymptomatic in the first 2 weeks. On physical
examination at the time of admission, the infant was moder-
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ately tachydyspneic, cyanotic, and on heart auscultation; an
increased intensity of the second heart sound predominated.

Diagnosis, Assessment, and Treatment

As a first step therapy, the child was stabilized by receiving
nasal oxygen catheter (2 L/min), but there was no improve-
ment in cyanosis. Echocardiography was accomplished on the
following day (Fig. 1a,b), showing transposition of great arter-
ies (TGA) associated with atrial septal defect (ASD), patent
ductus arteriosus, and ventricular septal defect (VSD), which
kept the patient without symptoms in the first weeks after the
birth. Then, the child received 240 mcg of prostaglandins IV
every 24 h, to maintain the patent ductus arteriosus.

After we discovered the pathology, the patient was for-
warded to a tertiary hospital, where he underwent Jatene
procedure on the 15th day of diagnosis. After the surgical
procedure, the patient remained for another fortnight admit-
ted in use of antibiotic prophylaxis with cefuroxime 50 mg/kg
IV every 12 h. In the first days after surgery, a new echocar-
diography was performed, showing the patient remained with
a residual VSD type perimembranous, approximately 4 mm,
with left-right shunt.

Posteriorly, the patient was referred to the pediatric inten-
sive care unit, where he remained for 30 days until the end of

FiGure 1 (a) Transthoracic echocardiography showing TGA.
(b) Transthoracic echocardiography showing TGA with VSD
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antibiotic prophylaxis. Progression cursed with the following
immediate complications: low cardiac output, pulmonary
atelectasis with respiratory failure, and fungal candida infec-
tion. Then, there was the need for high diuretic doses of dobu-
tamine, prolonged intubation, and systemic antifungal as well
as maintenance of antibiotic therapy. After this period, there
was clinical improvement, and the patient was transferred to
the infirmary and started oral feeding. Soon after, the patient
was discharged without further complications. Five months
after surgery, a new echocardiography was performed for
clinical follow-up, being diagnosed a moderate pulmonary
valve stenosis (Fig. 2) with peak systolic gradient between the
right ventricle and the pulmonary trunk equal to 44 mmHg.
Despite such complications, the patient recovered well and
progressed to a satisfactory psychomotor development until
now, after 4 years of surgery. However, he presented, more
recently, multiple clinical conditions of nonspecific febrile
infection, in addition to referring a divergent squint in the
right eye and bilateral cataracts, suggesting a possible rela-
tionship with neonatal infection TORCH (toxoplasma,
rubella virus, cytomegalovirus, herpes simplex virus) group.
However, there is no evidence of maternal infection before or
during the pregnancy neither serology data of the patient.

FiGure 2 Transthoracic echocardiography with Doppler showing
stenosis of the pulmonary valve
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Questions

1. What is the pathophysiology of transposition of the great
arteries?

The transposition of the great arteries (TGA) is a malforma-
tion that occurs with the inversion position between the two
great vessels of the heart, the aorta and the pulmonary trunk.
From the anatomically left ventricle leaves the pulmonary
trunk and from the anatomically right ventricle the aorta.
This description corresponds to most cases of TGA, called
complete transposition of the great arteries [1].

2. What keeps alive the newborn after birth if two closed and
parallel blood circulations are incompatible with life?

The two closed and parallel blood circulations are incom-
patible with life; therefore there must be some communica-
tion between them, either arterial, ventricular, or atrial. In
the postnatal period, the pulmonary and systemic circula-
tion maintained in parallel and systemic saturation depends
exclusively on the degree of mixing between them.
Therefore, the communication between the systemic and
pulmonary circulation must remain in the postnatal period,
through a patent foramen ovale, atrial septal defect (ASD),
ventricular septal defect (VSD), or patent ductus arteriosus
(PDA) [2].

3. How is the fetal circulation in intrauterine life?

In the intrauterine phase, the ventricles work in parallel and
not in series because of these three essential paths, the ductus
venosus, the foramen ovale, and the ductus arteriosus, which
obliterate shortly after birth. This circulation allows the fetal
heart to survive even with severe structural heart diseases
such as transposition of the great arteries [3].

4. When is it recommended to do fetal echocardiography for
the diagnosis of transposition of the great arteries in low-risk
pregnancy?

In low-risk pregnancies, fetal echocardiography should be
done preferably between 18 and 22 weeks of gestation. In this
range of gestational age, fetal heart anatomy details can be
well visualized and evaluated, as atrioventricular and ven-
triculoarterial connections [4].
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5. What are the immediate complications of Jatene
procedure?

The main immediate complications are transient left ventric-
ular dysfunction, low cardiac output, respiratory failure
requiring prolonged intubation, and infectious complications
requiring the use of antibiotics [5].

6. What are the current surgical treatments recommended
for transposition of the great arteries?

Currently, the surgical treatment of choice in newborns diag-
nosed with TGA is the Jatene procedure, which provides
restoration of both heart anatomy and function.
Complications in the respiratory tract may occur in the
trunk or in the pulmonary arteries after bifurcation and are
more related to the Lecompte maneuver that is the internal-
ization of the pulmonary artery at the arteries’ correct posi-
tioning [1].

7. What is the most frequent late complication in the
postoperative period of Jatene procedure?

Belatedly, the most common complication of Jatene proce-
dure is pulmonary supravalvular stenosis. The incidence may
range from 3% to 30% [1].

8. What is the importance of fetal echocardiography in the
diagnosis of transposition of the great arteries?

Fetal echocardiography importance of is due to be the gold
standard exam for prenatal diagnosis of congenital heart dis-
ease and is a precise and safe tool used as a means of screening
and helping in counseling legal guardians about the prognosis
and treatment options for children. Some studies show better
results after birth when the diagnosis of congenital heart dis-
ease is carried in the prenatal period, with decreased preopera-
tive morbidity,less chance of acidosis,lower risk of hemodynamic
disturbances,and improvement of perfusion to tissues. Therefore,
it is important the screening fetuses for congenital heart disease
requiring specific early postnatal therapy, in particular the trans-
position of the great arteries [6].

9. What are the limitations of fetal echocardiography in
medical routine of some health services?

Fetal echocardiography is an operator-dependent examina-
tion, which requires good experience, caution, and technique
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described in the literature, which unfortunately is not yet
available in all prenatal services [7].
10. What are the main indications of fetal echocardiography?

Fetal echocardiography indications should be if there is
always be indicated if there is maternal history of gesta-
tional diabetes mellitus, rubella, lupus, and phenylketonuria,
if the mother is exposed to teratogenic drugs, and if the
mother has past history of alcoholism. Fetal echocardiogra-
phy indications should be if there is also be indicated in the
fetus with polyhydramnios; non-immune hydrops fetalis;
arrhythmia; chromosomal abnormalities (trisomies, micro-
deletions); symmetrical intrauterine growth restriction
(IUGR); cardiac morphological abnormalities detected dur-
ing routine obstetrical examination, which increased in the
first quarter in nuchal translucency measurement; and mul-
tiple extracardiac anomalies (omphalocele, duodenal atre-
sia, spina bifida). Besides that, is indicated in mothers with
any family history of congenital heart disease [8].

Review About the Addressed Disease
or Treatment

Transposition of the great arteries (TGA) is the most com-
mon cyanotic congenital heart lesion that presents in neo-
nates. It is a malformation that was occurred with an inversion
of position between the two great vessels at the base of heart,
such as aorta and pulmonary arteries [1].

The hallmark of TGA is ventriculoarterial discordance, in
which the aorta arises from the morphologic right ventricle
and the pulmonary artery arises from the morphologic left
ventricle [1]. It changes the way blood circulates through the
body, leaving a shortage of oxygen in blood flowing from the
heart to the rest of the body. Without an adequate supply of
oxygen-rich blood, the body can’t function properly [3].

Transposition of the great arteries is usually detected
either prenatally or within the first hours to weeks of life. It
may be detected as a heart murmur, the baby’s mouth and
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skin will be cyanotic, and the tests include ECG, pulse oxim-
etry, echocardiogram, or fetal echocardiogram [9].

In nearly a fourth of children with transposition will also
have a ventricular septal defect (VSD). Others may also have
patent foramen ovale, atrial septal defect (ASD), and patent
ductus arteriosus (PDA) [8]. Besides that, infants may have
narrowing below the pulmonary valve that blocks blood flow
from the left ventricle to the lungs [1].

The usual treatment for TGA is a corrective surgery soon
after birth. The most famous operation is Jatene procedure.
Adib Jatene, a Brazilian surgeon, performed successfully for
the first time a truly anatomical correction in the form of an
ASO in 1975 at the University of Sdo Paulo Heart Institute,
Sao Paulo, Brazil [1].

The first two patients were operated using profound hypo-
thermia and total circulatory arrest. Coronary buttons were
excised and the openings created were closed using homolo-
gous dura mater. After completing coronary transfer to the
new site, the great vessels were transected; the ventricular
septal defect was closed with a Dacron patch through a right
ventriculotomy [10].

In 1981, Lecompte from Paris, France, described a techni-
cally important modification of surgically translocating the
great vessels, thereby avoiding the use of prosthetic conduit.
He has anteriorized the pulmonary artery at the moment of
correct repositioning of the arteries. This is now popularly
called the “Lecompte maneuver.” This greatly simplified the
method of right ventricular outflow tract reconstruction
during the ASO, besides providing a better anatomical lie for
the coronary arteries and the newly reconstructed aortic
anastomosis [1].

This was a near revolution, and nearly all surgeons around
the world routinely perform this maneuver during the ASO
[1]. Today, infants who undergo palliative or corrective proce-
dures have a dramatic 90% rate of survival [9].

In postoperative period of Jatene procedure, the main
complications are related to vascular suture plan, in which the
arterial exchange was performed, and in coronary reimplan-
tation. Intercurrences in pulmonary territory can occur in the
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trunk or after bifurcation of pulmonary arteries, being more
related to the Lecompte maneuver [10].
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Clinical Presentation

ZVB, a male, 60-year-old, white, businessman, was admitted
to the hospital with a clinical condition of dyspnea on exer-
tion with progressive worsening, reporting orthopnea and
dyspnea at rest. The patient was hospitalized in the city of
origin for 4 days, where he began using oxygen therapy and a
wheelchair, without reversal of the situation with clinical
treatment. Patient reports prior hypertension, type II diabe-
tes and severe chronic obstructive pulmonary disease
(COPD). He is in use of metformin, carvedilol, furosemide,
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spironolactone, aspirin, omeprazole, and clonazepam. No his-
tory of surgery and allergies were noted. The patient reported
cigarette smoking, 40 pack-years, and sedentarism.

On physical examination, the patient was in mild general
condition, lucid and oriented in time and space, and hydrated,
with cyanosis and global plethora and dyspnea to the supine
position in 45°.

Arterial pressure, 130 x 90 mmHg; heart rate, 68 bpm;
respiratory frequency, 27 rpm; height, 1.70 m; weight, 87kg;
BMI, 30.1 kg/m?.

Respiratory system: Symmetrical vesicular murmur, glob-
ally decreased, with snores scattered across the chest.

Cardiovascular system: Rhythmic heart sounds and hypo-
phonic, in two stages, with pancardiac systolic murmur, 3+/6,
without irradiation. There is resence of bilateral jugular
engorgement.

Abdomen: Globular, flaccid, normoactive bowel sounds,
painless to palpation, without visceromegaly

Lower limbs: Palpable and symmetrical foot pulses, no edema

Diagnosis, Assessment, and Treatment

Patient was admitted from the city of origin with dyspnea upon
exertion without compensation with clinical treatment, diag-
nosed by echocardiography with aortic stenosis and coronary
artery disease, and sent to our clinic for surgical evaluation.

On admission was continued on the previous pharmaco-
logical treatment and requested laboratory tests and electro-
cardiogram (ECG), which were within the normal range.
Then, a transthoracic echocardiography was performed to
confirm the diagnosis, with the following conclusion:

“Left ventricle (LV) contractile pattern with important dif-
fuse hypokinesia, LV wall thickness with a slight increase (dis-
crete LV symmetric hypertrophy) and LV cavity dimension with
a large increase (LV end diastolic diameter of 6.9 cm and end
systolic diameter of 6.1 cm). Heavily calcified aortic valve, with
valve dynamics greatly reduced. Maximum aortic systolic gradi-
ent of 31.1 mmHg and average of 18.4 mmHg. Aortic valve area
of 0.96 cm?. Mild mitral regurgitation. Ejection fraction of 23%.”
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Thus, given the clinical condition of frank cor pulmonale
by aortic stenosis, aggravated by severe COPD, the family
was advised about the surgical possibilities, explaining the
patient’s high surgical risk due to the comorbidities. A trans-
catheter approach procedure was indicated, considering
that’s a possible longer stay in the intensive care unit (ICU)
due to the patient’s lung disease.

After the patient’s and family consent, a CT angiography
(Fig. 1) for surgical planning was performed, which presented:

“Atherosclerotic disease predominantly involving the
abdominal aorta, iliac and femoral arteries with stenosis of
moderate to severe degree of distal segments of the superficial
femoral artery and moderate stenosis in the right external iliac
artery. Diameter of the aortic annulus of 3.0 x 3.5 cm; right
common iliac of 0.8 cm; left common iliac of 10 cm; right exter-
nal iliac of 0.5 cm; left external iliac of 0.61 cm; right femoral of
0.6 cm; left femoral of 0.8 cm. Coronary atherosclerosis with
signs of important left anterior descending artery injury.”

FiGure 1 Preoperative chest tomography in sagittal section.
Hyperattenuating regions in the aortic valve, aorta, and its branches
showing calcifications. Black arrow: calcified aortic valve
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From this, the possibility of transfemoral procedure requir-
ing the coronary disease treatment was discussed.

During the days of hospitalization preceding the proce-
dure, the patient had periods of improvement but with
repeated need for oxygen use.

Six days after admission, with the due preparation of the
patient, we performed left anterior descending artery angio-
plasty and a transcatheter aortic valve replacement (TAVR),
using CoreValve (# 31), two pharmacological coronary stents,
and a temporary pacemaker.

The procedure started with the placement of a temporary
pacemaker through right subclavian vein puncture, and the
electrode was positioned in the right ventricle (RV). A femo-
ral artery puncture for endovascular procedures was per-
formed. Coronary angiography showed partial stenosis of the
left anterior descending artery (Fig. 2), in which angioplasty
was performed in proximal and middle-distal thirds using
drug-eluting stents, expanded with a balloon catheter. It was
then introduced a catheter to implant the aortic valve (Fig. 3).
After the procedure, the Perclose method was used to per-
form femoral artery suture.

The patient was taken to the ICU, hemodynamically com-
pensated with low doses of vasoactive drugs, keeping blood
pressure at an average of 86 mmHg, and extubation was per-
formed soon after the procedure. On the same day, laboratory
tests and ECG had no abnormalities. The pacemaker was
removed with no episodes recorded of abnormal rhythms.
The patient received ICU discharge on the same day.

In the infirmary, the antihypertensive drugs previously
used were reintroduced with the maintenance of aspirin and
metformin and the addition of clopidogrel and rosuvastatin.

With hemodynamic and respiratory stability, the patient
was discharged 6 days after surgery.

One week later, the patient required readmission for pul-
monary decompensation, medically treated. A first-degree
atrioventricular block was diagnosed, with biventricular
overload, without clinical repercussions.

The follow-up happened in 3, 6, and 12 months, with the
echocardiogram results presented in Table 1.
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FiGure 2 Pre-TAVR coronary angiography. Black arrow showing
left anterior descending artery stenosis

Figure 3 Radioscopic image showing positioned aortic valve pros-
thesis
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TaBLE 1 Evolution of hemodynamic measurements of transthoracic
echocardiograms

Maximum
aortic valve Mean aortic
Ejection systolic valve systolic

Transthoracic fraction gradient gradient
echocardiography (%) (mmHg) (mmHg)
Preoperative 23 311 18.4
Postoperative 31 16.4 8.8
One month after 43 14.6 9.2
procedure
Four months after 45 15.6 10
procedure

The patient had no new symptoms, and the control echo-
cardiograms showed a well-positioned prosthesis free of
dense echoes inside, with internal diameter of 2.0 cm without
paravalvular regurgitation. The patient showed significant
clinical improvement. Patient reports, in the l-year return,
ability to walk up three blocks without symptoms (NYHA II),
the lung condition being an important confusing factor for
this assessment.

It is planned to follow the patient every 6 months, with
periodic transthoracic echocardiography, maintaining clopi-
dogrel and aspirin during the first 6 months, due to the TARV
procedure. The aspirin will be kept indefinitely due to coro-
nary stents.

Questions

1. Discuss the clinical diagnosis and the tests that should be
ordered.

The clinical condition presented by the patient is compatible
with cor pulmonale triggered by decompensation of one or
more of the comorbidities previously presented: DM, CAD,
aortic stenosis, and COPD. Thus, it is demonstrated the need
to request tests to rule out lung diseases and acute myocar-
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dial infarction, such as chest X-ray, electrocardiogram, and
myocardial necrosis enzymes. Then the transthoracic echocar-
diography was requested to reevaluate aortic stenosis with
symptoms and signs (IA Evidence, [8]), which confirmed
moderate aortic stenosis [8], with a valve area of 0.96 cm?,
systolic gradient of 31.1 mmHg, severe calcification, and sig-
nificant ventricular dysfunction with an ejection fraction of
23%. In addition, to surgical planning, coronary angiography
(TA Evidence, [8]), and CT angiography of the thoracic aorta,
abdominal, iliac, and femoral arteries were requested.

2. What are the possible etiologies of the aortic stenosis?

In adults, there are three possible etiologies for aortic steno-
sis: degeneration of congenitally abnormal aortic valve, rheu-
matic valvular fibrosis, and senile calcific aortic stenosis. In
aortic stenosis by congenitally abnormal valve, the most com-
monly found abnormality is a bicuspid aortic valve, which,
over the years, becomes rigid and calcified, being considered
stenotic in the sixth decade of life.

The rheumatic etiology generates commissural fusion
coupled with valve calcification, which may cause shrinkage
and anterior shortening of the margins of the leaflets, leading
to some degree of aortic regurgitation associated with the
stenosis.

Senile calcific stenosis is fairly common in elderly patients.
In this type of stenosis, early degenerative changes occur
through deposition of calcium on the leaflets and collagen
fragmentation, leading to obstruction in variable time inter-
vals, being possible to occur in only 2 years, as evidenced in
the literature.

3. Discuss the pathophysiology of the disease.

The aortic valve stenosis may be asymptomatic, even in
patients with severe stenosis. However, most patients with
moderate stenosis already show symptoms.

The classic symptoms of this disease can be explained from
the pathophysiology. The narrowed valve leads to obstruction
of the outflow of the left ventricle, which increases the intra-
cavitary pressure. This increase in systolic LV pressure, cou-
pled with the higher ejection period, culminates in increased
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ventricular function and therefore the O, consumption by the
myocardium.

If the patient performs physical exertion or is in a period
of excitement, ventricular work previously increased by the
aortic stenosis further rise and may precipitate angina and
syncope, since there is no increase in cardiac output in
response to the increased demand.

Systolic overload of the LV results in left ventricular
hypertrophy of concentric nature. As ventricular ejection is
prolonged and low, there is an increase in the duration of
systemic arterial pulses.

In addition, the increase in LV diastolic pressure caused by
aortic stenosis can produce increased pressure in the left
atrium and symptoms of left heart failure, due to reduced LV
compliance by hypertrophy or reduced ejection fraction, fea-
turing another symptom of the aortic stenosis triad.

4. What are the indications for aortic valve replacement?

Aortic valve replacement is recommended in symptomatic
patients with severe aortic stenosis (Class I, level of evidence
B, AHA), D1 stage with (a) decreased systolic opening of a
calcified aortic valve or congenitally stenotic, (b) aortic flow
of 4 m/s or greater or medium pressure gradient of 40 mmHg
or greater, and (C) symptoms of heart failure, syncope, dys-
pnea on exertion, angina, or reported pre-syncope or in exer-
cise stress test.

It is also indicated for asymptomatic patients with severe
aortic stenosis, C2 stage, and an ejection fraction less than
50%, with reduced systolic opening of a calcified aortic valve
with increased aortic flow of 4 m/s or greater or medium pres-
sure gradient of 40 mmHg or greater.

It is still indicated for patients with severe aortic stenosis,
stage C or D, when undergoing cardiac surgery for other indi-
cations and has systolic opening reduced by a calcified aortic
valve with increased aortic flow of 4 m/s or higher or medium
pressure gradient of 40 mmHg or greater.

5. What is the indication for TAVR?

The choice of whether to proceed with TAVR versus surgery
is based on various parameters, including surgical risk, patient
frailty, and comorbidities. TAVR is recommended for patients
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who reach the indications for aortic valve replacement and
have a prohibitive risk for surgical exchange and a post-
TAVR expected survival greater than 12 months (Class I,
Level of Evidence B, AHA), although study PARTNER has
demonstrated the noninferiority of TAVR regarding heart
surgery for high-risk patients with conditions for surgical
valve replacement.

6. What was the indication for the revascularization of the
left anterior descending artery through angioplasty?

According to the I Inter-American Guideline in Valvulopathy
of 2011, coronary angiography before intervention with
transcatheter aortic valve replacement in patients with risk
factors for CAD have Class I recommendation, with level of
evidence C. Therefore, although the evidence come from
reports cases, there is consensus for the indication in these
cases, as the patient in question.

7. The surgical risk varies according to the patient and the
type of desired procedure. How is the surgical and mortality
risk calculated to indicate a safer option for the patient?

There are two scores worldwide used to estimate mortality risk
according to the surgical procedure planned, as well as to pre-
dict possible complications, such as stroke and wound infection,
the EuroSCORE and the STS score. According to the patient in
question, estimates, considering two surgical procedures, are:

EuroSCORE: 12-14. 26.77 %
STS:
Mortality risk: 4.715%
Morbidity or mortality: 34.704 %
Stroke: 0.719%
Prolonged ventilation: 20.145%
Reoperation: 13.572%
Wound infection (sternum): 0.871%
8. How to proceed with anticoagulation in TAVR?

Heparin must be used during the TAVR procedure coupled
with dual antiplatelet therapy with aspirin and thienopyri-
dines for 6-12 months, depending on the clinical case.
Concerning drug-eluting stents, patients should use dual anti-
platelet therapy indefinitely.
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9. How are we going to choose the best access of TAVR? Are
there differences between them?

There are several access methods to perform TAVR; the two
most common are:

(a) Via the femoral artery called transfemoral approach,
which does not require a surgical incision or a minimal one

(b) Transapical approach, in which a small incision in the
chest is made to reach the site of the aortic valve through
the left ventricle apex

Generally, the transfemoral approach is preferred because it
is less invasive and allows using lower profile delivery systems.
This approach has the disadvantage of being impossible to per-
form in patients with small diameter vessels (<6 mm) and in
patients with occlusive disease in the aortoiliac arteries. Extreme
tortuosity of vessels can also compromise the technique. Because
of these method limitations, a plan to assess the luminal diam-
eter of the arteries and their level of calcification and tortuosity
should be made, requesting a CT scan with contrast, which can
be associated with angiography or intravascular ultrasound.

The transapical approach is the second most used method,
having as an advantage the fact that virtually all patients are
candidates for this strategy. It should also be considered an
advantage the small distance between the incision and the aortic
valve, which is in a straight line, allowing the use of a more rigid
equipment, which facilitates a correct valve placement. As a
disadvantage, the method is more invasive, with the need to per-
form a surgical thoracotomy, endangering especially the elderly,
debilitated patients and those with significant lung disease.

There are other methods, such as the direct aortic approach
and the subclavian approach.

10. How is the follow-up after TAVR?

Follow-up (FU) post-TAVR presents various aspects to be
analyzed, including multiple comorbidities and complications
inherent in the implant of any valve provided specifically for
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TAVR. The Mauriziano TAVR follow-up program proposed
the following flowchart:

First scheduled visit in 3 months or more: analysis of clini-
cal status, ECG, blood tests, major adverse cardiovascular
and cerebrovascular events and other adverse events,
adherence to prescriptions, and associated with the review
of prosthesis performance and heart dynamics by the
echocardiography

Second visit in 6 months or more: clinical and echocardio-
graphic review

Final TAVR-FU in 12 months after TAVR: clinical and
echocardiographic review

After these, it is possible to continue the Follow-up by new

clinical and echo reviews at the cardiologic center or by local
physicians with periodic contacts between them and the car-
diologists of the center where the procedure was done.
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Aortic Coarctation

Laura Gomes Flores, Luana Luiza Vieira,
Heloisa Guedes Andrade, Fabio Selig,
and Rui M. S. Almeida

Clinical Presentation

An 11-year-old, white patient was admitted to the hospital with
severe headache. After physical examination, he was over-
weight and had high blood pressure. Blood pressure was dis-
crepant between upper and lower limbs, presenting a pressure
gradient of 50 mmHg. At the vascular physical examination,
arterial pulses of the lower limbs were reduced. Patient did not
present comorbidities or changes in physical examination.

Diagnosis, Assessment, and Treatment

Initially, an electrocardiogram was performed. It showed
sinus rhythm, heart rate of 75 beats per minute, and left ven-
tricular cardiac axis, suggesting left ventricular hypertrophy.
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After the electrocardiogram, angiotomography of the tho-
racic aorta was requested, which identified coarctation area
of the descending thoracic artery near the ascendance of the
subclavian artery on the left. The aortic arch had preserved
caliber (20.1 cm x 18.8 mm). At coarctation level, the aorta
had approximately 12.3 x 8.5 mm and posterior to the coarc-
tation area had 177 x 172 mm, evidencing the diagnosis of
coarctation of the aorta (Fig. 1).

After the diagnostic confirmation, the need for interven-
tional therapy was defined because the patient had a pressure
gradient greater than 20 mmHg between the upper and lower
limbs (Fig. 2).

The therapeutic options available to the patient were bal-
loon angioplasty, balloon angioplasty and stenting, and car-
diac surgery. Because it is a less invasive procedure and has
good long-term results, initially the therapeutic option chosen
was balloon angioplasty associated with stenting. However, in
the service in which the procedure was performed, there was
no stent with optimal measurements for the patient’s aorta,

Ficure 1 CT angiography of the thoracic aorta, showing coarctation
area of the descending thoracic artery next to the emergence of the
subclavian artery to the left
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FiGURE 2 Aortography prior to the procedure

and balloon angioplasty was then chosen. This procedure was
performed under general anesthesia and administration of
heparin 100-150 U/kg and antibiotic for prophylaxis of infec-
tive endocarditis. From this, the right radial artery was punc-
tured for manometry and angiography to guide the positioning
of the balloon. After being well positioned, the balloon was
inflated, dilating the constriction site. This mechanism always
results in rupture of the inner layer of the vessel and, in this
case, also resulted in rupture of the middle tunica at the base
of the left subclavian artery, which favored the immediate
onset of aneurysm (Fig. 3). Due to the fact that the bulging
formed was greater than 50% of the vessel diameter, it was
opted for its immediate exclusion with the placement of a
stent. For this, radial access continued to be used to obtain
images and pressure measurements and, because of the size
of the introducer measuring 12 French, the femoral artery
had to be dissected for its introduction. Although the femoral
artery of the patient is overweight and hipodeveloped, his
dissection was performed, and the correction of the aneurysm
was successfully obtained (Fig. 4).
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FIGURE 3 Aortography showing the aneurysm formed immediately
after the procedure, with bulging greater than 50%

FiGUure 4 Exclusion of the aneurysm with covered stent
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After angioplasty, the patient remained stable, with nor-
malization of blood pressure and absence of gradient. He was
discharged within 2 days and continued to use ASA and
clopidogrel.

Questions

1. What complementary tests can be ordered on suspicion of
coarctation of the aorta, and what are the suggestive findings
of the pathology?

Chest X-ray, electrocardiogram, echocardiogram, aortic angi-
otomography, and aortography may be ordered.

Bilateral erosions in the posterior portion of the lower
edge of the costal arches can be found from the chest radio-
graph. On the electrocardiogram, there are signs of left ven-
tricular hypertrophy.

It is possible to visualize the coarctation zone and the pres-
ence of cardiac anomalies and to calculate the transcoarcta-
tion gradient from the bidimensional echocardiography
associated with the Doppler.

Aortography and angiotomography define the location
and extent of the obstruction and evaluate its severity and the
presence and extent of collateral circulation [1].

2. What is the relationship between the pathophysiology of
aortic coarctation and its clinical implications?

Obstruction of blood flow through the narrowing present in
coarctation of the aorta causes different clinical manifestations
that depend on the location and extent of the obstruction [1].

Generally in children, adolescents, and adults, left ventric-
ular hypertrophy develops as a mechanism of progressive
adaptation in order to maintain systolic performance in
response to pressure overload. Thus, with the development of
compensatory mechanisms, coarctation is rarely associated
with exuberant symptoms after the first year of life. Patients
in these age groups may complain of fatigue, headache, visual
changes, and cramps in the lower limbs [2].
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In neonates and infants up to 1 year, the left ventricular
ejection fraction is reduced due to the intense and abrupt
increase of the afterload and the nondevelopment of com-
pensatory mechanisms, resulting in heart failure or cardio-
genic shock [2]: approximately half of the newborns develop
heart failure in the first months of life and may be fatal in
5-10% of cases [1].

3. What are the differential diagnoses of aortic coarctation?

Diseases that lead to heart failure and shock are differential
diagnoses of aortic coarctation in neonates. Defects in the
atrioventricular septum, aortic stenosis, mitral stenosis, and
left heart hypoplastic syndrome are congenital heart diseases
that also constitute differential diagnosis of coarctation [3].

In older children, diseases that cause changes in the
peripheral pulses and other causes of hypertension and pri-
mary or secondary ventricular hypertrophy or dilatation are
differential diagnoses [3].

There are several causes of secondary hypertension, such
as renal artery stenosis or thrombosis, renal failure, congeni-
tal adrenal hyperplasia, acute glomerulonephritis, pheochro-
mocytoma, and use of corticosteroids [3].

Ventricular hypertrophy may occur in aortic stenosis, aor-
tic coarctation, and in cases of arterial hypertension [3].

Takayasu’s arteritis — vasculitis that affects the aorta and
its primary branches — leads to coarctation in the thoracic or
abdominal aorta [3].

4. When should surgical treatment and endovascular
treatment be performed?

In the first year of life, the surgical approach is the treatment
of choice. The most commonly used operative techniques
consist of an end-to-end anastomosis and subclavian flap,
which, by using autologous tissue, allow the vessel to grow in
accordance with the patient’s overall growth. Between the
two techniques, the end-to-end anastomosis is mainly used,
since the subclavian flap is associated with higher rates of
complications, such as aortic aneurysm development and
recoarctation. Balloon angioplasty has very high rates of
restenosis in patients of this age group and is considered an
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alternative only in unstable newborns with high surgical risk,
providing hemodynamic relief for elective posterior repair
surgery [4].

Between the first year of life and 8-10 years, surgery
remains the therapeutic approach of choice, since, despite the
effectiveness of angioplasty in reducing the aortic gradient in
children, there is a high risk of recoarctation, rupture, and
formation of aneurysms. From this age group, balloon angio-
plasty becomes a viable option, with good long-term results.
It is recommended that stent placement be associated with
this procedure, since it avoids elastic retraction of the vessel
wall, allowing the stabilization and fixation of the intima,
which reduces the risk of aortic rupture and formation of
aneurysms [4].

There is still much discussion about the best therapeutic
option for adults, but several authors advocate the use of
stents as the most effective and safe option.

This is due to the fact that the surgical approach, either by the
end-to-end anastomosis operative technique or by graft interpo-
sition in the primary coarctation, presents a mortality of 31% for
40 years — mainly due to significant consequences of the disease
in the long term, such as heart insufficiency — and be associated
with renal insufficiency and postoperative paraplegia, results of
unsafe organ perfusion. And due to balloon angioplasty, despite
having an initial success rate of 80-90%, a post-optimal proce-
dure result is presented, with a residual gradient greater than or
equal to 20 mmHg in more than 90% of the cases [4].

5. What are the most common complications of a balloon
angioplasty procedure?

Complications of balloon angioplasty can be classified into
technical ones, related to the aortic wall or peripheral vascu-
lar, and occur in up to 14% of cases. Stent migration or frac-
ture, balloon rupture, and unintentional stent placement
covering the vessels of the aortic arch are technical complica-
tions. Complications related to the aortic wall include dissec-
tion, flap formation, or aneurysms. Cerebral stroke, peripheral
embolism, and femoral artery injury are peripheral vascular
complications [5].
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6. The procedure performed resulted in the formation of an
aneurysm. What mechanism could have caused it, and what
conduct could be taken?

There was immediate aneurysm formation in the patient’s
procedure, a fact that reflects the mechanism of action of this
technique: angioplasty acts by causing a lesion in the vessel
wall because of the radial forces of the balloon with rupture
of the intima layer and part of the middle layer. Consequently,
healing occurs in the vessel wall with increased intraluminal
diameter. The improvement of local flow promotes remodel-
ing and development of the aortic arch and isthmus. However,
the rupture may extend through the middle tunic, sparing
only the adventitia, which favors the appearance of an aneu-
rysm, probably in areas with the appearance of cystic necrosis.
If the patient has bulging greater than 50% of the diameter
of the vessel and is adult or weighs more than 30 kg, as in this
case, its exclusion is indicated, by means of covered stents, in
order to avoid possible vascular rupture [5].

7. How is the follow-up of the patients who underwent

the therapeutic intervention?

Patients with repaired or unrepaired coarctation must be fol-
lowed by a cardiologist throughout their lifetime. For those
who have undergone repair, this follow-up should be at least
annually, with specific attention paid to baseline or exercise-
induced hypertension. Patients with parietal irregularities or
bulges smaller than 50% of the vessel diameter should be
monitored clinically, with strict control of blood pressure, and
should perform control tests periodically (MRI and spiral CT).
By the 2007 American Heart Association guidelines, endocar-
ditis prophylaxis is not routinely recommended beyond the
first 6 months after surgical or transcatheter intervention, bar-
ring a previous history of infectious endocarditis [6].

8. What is the prognosis of patients with aortic coarctation?

Patients with coarctation of the aorta have survival below the
general population [1]: the mean survival time of nonoperated
patients is 35 years. Frequent complications in patients are
hypertension, acute myocardial infarction, accelerated coronary
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heart disease, and congestive heart failure: the main cause of
death in patients with coarctation is acute coronary disease [4].
Patients undergoing successful repair before the age of 5
remain with a lower survival rate than the general popula-
tion — 91% of operated patients remain alive at age 20 and
80% at 40-50 years. The age of the repair is a determinant
factor in the survival of the patients, so that the late diagnosis
negatively influences the survival and the early treatment is
recommended. However, patients with late diagnosis are can-
didates for repair since they benefit from reduced risk of
cardiovascular events and increased survival [4].

Review About the Addressed Disease
or Treatment

Coarctation of the aorta consists of a narrowing of the aorta. The
most common localization is in the distal segment to the origin
of the left subclavian artery, close to the insertion of the arterial
ligament, but may occur in any region along the aorta [7].
Coarctation of the aorta is the sixth most common congenital
heart disease: 6-8% of congenital heart diseases [2]. It is more
frequent in males, and in about 30% of cases, it occurs concomi-
tantly with other malformations [4]. Clinical manifestations
depend on the location and severity of the obstruction and may
present asymptomatically or with the presence of symptoms
such as headache, epistaxis, cold extremities, and claudication to
the efforts [7]. The presence of adaptive mechanisms, such as left
ventricular hypertrophy and the development of collateral circu-
lation in response to obstruction and pressure overload, may
mask the severity of coarctation and reduce the gradient present
through obstruction [4]. At physical examination, the classic
manifestations are the difference in blood pressure and pulse
amplitude between the upper and lower limbs. The lower limb
pulses may be absent, markedly reduced or retarded [7].

Complementary examinations such as electrocardiogram,
chest X-ray, echocardiogram, and magnetic resonance imag-
ing or computed tomography can be performed [7].
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The electrocardiogram may show signs of left ventricular
hypertrophy. The location of the narrowing can be evidenced by
bidirectional echocardiogram (suprasternal window), and the
pressure gradient can be measured with Doppler echocardiogra-
phy. The severity and length of the obstruction and the presence
of collateral arteries can be evaluated by magnetic resonance
imaging or three-dimensional computed tomography [7].

Catheterization in adults is indicated primarily for evalua-
tion of coronary arteries prior to therapeutic procedures [6]
or for catheter interventions [7].

The therapeutic options for coarctation of the aorta are
surgical treatment, balloon angioplasty, or stenting. Surgery is
the therapy of choice until around 8-10 years of age. In older
children and adolescents, balloon angioplasty or stent place-
ment becomes a viable option because it is less invasive and
has good long-term results [4].

The survival of patients with coarctation of the aorta is
inferior to the survival of the general population. The age of
the repair is a determinant factor in the survival of patients,
so early treatment is recommended. However, patients with
late diagnosis also benefit from repair because of reduced
risk of cardiovascular events and increased survival [4].
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updates

Clinical Presentation

A 58-year-old female patient presented at Sao Paulo Hospital
with intense abdominal pain in epigastric region, for 2 weeks.
She related the pain had a sudden onset, with irradiation to
the back, on the last days. She denied any other associated
symptoms. The patient was born in Mandaguacu and lives in
Sado Paulo. She is widow, catholic and has three children
(G3P3A0). She also reported to be a smoker, 40 packs-year,
and takes captopril 25 mg 12/12 h. Her medical history is sig-
nificant for systemic arterial hypertension (SAH), and she
had a tubal ligation 36 years ago. Her family history revealed
her mother was hypertensive and had diabetes mellitus type
2. Both her mother and father died of unknown cause.

At physical examination, she was flushed, hydrated, acya-
notic, anicteric, feverless, eupneic in rest, and neurologically
oriented. Her blood pressure was 130/80 mmHg, pulse rate 80
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beats/min, oxygen saturation 96%, and respiration rate 14
breaths/min. There were no carotid bruits and no jugular sta-
sis. Pulmonary and cardiac auscultations were normal, there
was good expansiveness when breathing, and ictus cordis was
palpable at the fifth intercostal space. The abdomen was nor-
motensive and painless to palpation with liver and spleen not
palpable. It also presented a large pulsatile mass with impre-
cise limits in the mesogastric region. Furthermore, limbs had
no edema, and symmetrical palpable pulses were noted.

The patient possesses two risk factors for atherosclerosis
(smoker and SAH). The presence of pain and a pulsatile mass,
added to the risk factors, suggested an aneurysm as possible
diagnostic. Considering the imprecise limits of the pulsatile
mass on abdominal palpation, it could be a thoracoabdominal
aortic aneurysm, with a supradiaphragmatic proximal neck. For
complementary investigation of this patient, laboratory tests for
hematological and biochemical evaluation, chest X-rays, elec-
trocardiogram, transthoracic echocardiogram, coronary angiog-
raphy, due to risk factors for atherosclerosis, and tomography of
descending aorta with intravenous contrast were demanded.

Diagnosis, Assessment, and Treatment

Laboratory results are the following: hemoglobin, 12.5 g/dL;
hematocrit, 35.7%; leukocytes, 9120/mm?; platelets, 227000/mm?;
Na, 139 mmol/L; K, 5.1 mmol/L; urea, 136 mg/dL; creatinine,
1.65 mg/dL; thromboplastin partial activated time, 35.6 s/1.24;
prothrombin activity, 100%/0.97; C-reactive protein (CRP),
19 mg/L; and erythrocyte sedimentation rate (ESR), 93 mm/h.
An increased level of creatinine indicates chronic kidney dis-
ease, justified by SAH. It also can be noted an elevation in mark-
ers of inflammation (CRP and ESR), which suggests, with a
normal leukogram and absence of fever, inflammatory activity
of atherosclerotic disease.

Electrocardiogram (Fig. 1) showed normal sinus rhythm
with a rate of 65 beats/min, left ventricle overload, and
normal heart axis. The left ventricle overload denotes the
long-standing and poorly controlled SAH.
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FiGure 1 Electrocardiogram showing a left ventricle overcharge

Echocardiogram revealed concentric remodeling of the
left ventricle, ventricular septum in sigmoid format (10 mm),
mild to moderate tricuspid regurgitation, PASP (pulmonary
artery systolic pressure) (25 mmHg), mild ectasia of the aortic
root (40 mm), and LVEF (left ventricular ejection fraction)
(60%). The concentric remodeling of the left ventricle rein-
forces the diagnosis of poorly controlled SAH, with conse-
quent hypertrophy. It is also noticed mild ectasia in the aortic
root.

In the X-rays (Fig. 2), cardiac silhouette is normal in size,
and it can be observed presence of aortic knob calcifications,
secondary to the atherosclerosis.

Tomography (Fig. 3) evidences an abdominal aortic aneu-
rysm (AAA), infra diaphragmatic, with a proximal neck
below the emergence of the superior mesenteric artery; spar-
ing the bifurcation of iliac arteries.

Coronary Angiography showed right dominant coro-
nary circulation, 30% stenosis of the left coronary trunk
ostium, left anterior descending artery with severe calcifi-
cation in the proximal third, 70% stenosis of the diagonal
branch, left circumflex artery with parietal irregularities,
marginal branch with parietal irregularities, 30% stenosis
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FIGURE 2 X-rays — presence of aortic knob calcifications

FicUure 3 Tomography revealing an abdominal aortic aneurysm and
its limits

of right coronary artery in the middle third. Posterior ven-
tricular branch and posterior descending with parietal
irregularities. These results demonstrate the systemic
nature of atherosclerotic disease, with presence of coro-
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nary lesions in the left coronary artery (30%), diagonal
artery (70%), and right coronary artery (30%).

According to the exams, she was diagnosed with an
abdominal aortic aneurysm (infra-mesenteric), systemic
arterial hypertension, and chronic coronary insufficiency.
Considering that the aneurysm of this patient has a good
proximal neck, without aortic dilatation at the level of renal
arteries and superior mesenteric artery, it was proposed the
endovascular stent-graft treatment with bifurcated aortic
endoprosthesis implantation through femoral artery punc-
ture, with both iliac arteries covered with isolated stent
grafts. Regarding the chronic coronary insufficiency, this
patient has no indication of a revascularization procedure
for the present lesions. In addition, as she is an asymptomatic
patient, with no angina or dyspnea, it was opted for clinical
treatment.

The AAA was successfully repaired (Fig. 4), and the
patient made a good recovery, being discharged home after
7 days in hospital.

FIGURE 4 Postoperative tomography showing the successful AAA’s
endovascular repair
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Questions

1. What are the normal dimensions of the thoracic aorta?

The normal dimensions of the thoracic aorta are the follow-
ing: aortic annulus, 2-3 cm; sinuses of Valsalva, 2.5-3.5 cm;
sinotubular junction, 2-3 cm; ascending aorta, 2.5-3.5 cm;
aortic arch, 2.5-3 cm; descending aorta, 2-3 cm; diaphrag-
matic aorta, 2-2.5 cm; and infrarenal aorta 1.5-2 cm.

2. Why in this particular case the correct diagnosis is
abdominal aortic aneurysm and not abdominal aortic
dilatation?

Because an aneurysm is defined as a permanent localized
dilatation of an artery (>150% diameter of the normal
caliber).

3. What is the pathologic classification of the aortic
aneurysms?

There are two types of aneurysms: a true aneurysm, in which
the dilated segment involves all three layers of the vessel, and
a false or pseudoaneurysm, which is a contained hematoma
outlined by adventitia or surrounding tissues.

4. What are the predisposing factors for a thoracic aortic
aneurysm?

The predisposing factors for the aneurysm are age, athero-
sclerosis, bicuspid aortic valve (associated with fibrillin defi-
ciency), blood pressure (hypertension), connective tissue
disorders (Marfan syndrome, Ehlers-Danlos Syndrome), dis-
section, degenerative (cystic medial degeneration), trauma,
aortitis, infection, and syphilis.

5. What are the clinical features of patients with thoracic
aortic aneurysms?

Many patients are asymptomatic and discover the aneurysm
by incidental finding on imaging exams. For symptomatic
patients, clinical features are pain — anterior chest pain or
back pain (typically interscapular), with sudden onset of the
pain suggesting dissection or impending rupture; compres-
sion of nearby structures resulting in hoarseness (recurrent
laryngeal nerve), dysphagia (esophagus), and stridor and
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dyspnea (trachea); and fistula resulting in hematemesis
(esophagus) or hemoptysis (lung, bronchi).

6. How are thoracic aortic dissections classified?

There are two widely known classifications of dissections,
Stanford and DeBakey. Stanford type A includes dissections
that involve the ascending aorta, whereas type B dissections
do not involve the ascending aorta. DeBakey type 1 dissec-
tions involve the whole aorta, type 2 dissections involve only
the ascending aorta, type 3a dissection involves the descend-
ing aorta, and type 3b involves the descending and the
abdominal aorta. Aortic dissections can also be classified by
timing: acute (<14 days), subacute (14 days—2 months), and
chronic (>2 month).

7. What is acute aortic syndrome?

Acute aortic syndrome is defined as a group of life-threatening
thoracic pathologies that includes aortic dissection, penetrat-
ing aortic ulcer, intramural hematoma, and leaking aortic
aneurysm.

Review About the Addressed Disease
or Treatment

The term aortic aneurysm refers to a pathological dilatation
of the normal aortic lumen involving one or several segments.
Although perhaps no definition is universally accepted, an
aortic aneurysm is best described as a permanent localized
dilatation of the aorta having a diameter at least 1.5 times
that of the expected normal diameter of that given aortic seg-
ment ([9], p. 1424). Aneurysms are usually described in terms
of their location, size, morphology, and etiology.

Abdominal aortic aneurysms (AAA) are much more com-
mon than thoracic aortic aneurysms, and its annual incidence
in western populations is approximately 2.5-6.5 cases in 1000
people [7]. AAAs occur four to five times more frequently in
men than women, being age as an important risk factor
inasmuch as the incidence rises rapidly after 55 years of age
in men and 70 years of age in women ([9], p. 1424).
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Many aneurysms can be detected on physical examination,
although even large aneurysms may be difficult or impossible
to detect in obese individuals. When palpable, a pulsatile
mass extending variably from the xiphoid process to the
umbilicus may be appreciated. Because of difficulty distin-
guishing the abdominal aorta from surrounding structures by
palpation, the size of an aneurysm tends to be overestimated
on physical examination ([9], p. 1425). The diagnosis is usually
based on imaging exams, which is why major parts of aneu-
rysms are incidentally found. Computed tomography is the
best method to diagnose aortic aneurysms and sizing them.

The pathogenesis of AAA is a multifactorial process, with
underlying genetic, inflammatory, infectious, and autoimmune
components. After an aneurysm is formed, its risk of rupture is
related to a series of factors, including maximum diameter, rate
of expansion, hypertension, and age, among others. The natural
history of AA A is progressive expansion, subsequent increased
aneurysm wall stress, and eventual rupture. AAA rupture has
a mortality rate of 81% ([8], p. 1407), which shows how impor-
tant it is to predict this risk and to perform an intervention,
such as an endovascular repair or open surgery, when the risk
of rupture is significant. Among the factors above, size remains
the most suitable criterion to predict the risk of rupture of an
aneurysm, although other factors such as rate of expansion and
wall stress also play an important role. This way, even asymp-
tomatic aneurysms, larger than 5.0 cm of diameter, are referred
to repair, if surgical risk is acceptable ([9], p. 1426).

The choice of surgical technique depends on each patho-
physiology. The endovascular technique consists in a femoral
artery puncture, through which a catheter is inserted and
advanced to the aneurysm site. A guide wire and an expand-
able stent graft are advanced through the catheter. When posi-
tioned correctly, the stent graft is allowed to expand within the
artery. The wire frame pushes against healthy portion of the
aorta to seal the device in place. Once in place, the blood flows
through the stent graft and cannot enter the aneurysm. This
technique is usually preferred for unruptured AAAs because
of its greater speed, less exposure (less invasive procedure),
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shorter postoperative recovery time, fewer pain complaints,
and less risk of ischemia (due to constant flow in the aorta).
However, it cannot be performed in all patients, since in some
cases, the aortic aneurysm may not have an anatomic favorable
to the endovascular treatment, or it may be very close to other
organs, not having sufficient space for the “landing zone,”
which is the place of support and fixation of the prosthesis,
thus requiring a traditional open surgery.

Endovascular surgery to repair aortic aneurysm is not free
of complications, which may appear during or after the proce-
dure. Batt et al. ([6], p. 339) classify postoperative complica-
tions in both early and late stages. The most common are
related to the surgical procedure, such as persistent bleeding
with consumption of coagulation factors, vascular lesions,
parenchymal organ damage, ureter injury, embolisms, hypo-
thermia, and thrombosis. Late complications are anastomotic
pseudoaneurysms, aorto-enteric fistulas, thrombosis, and graft
infection. Patients with a history of smoking and chronic
obstructive pulmonary disease have a risk factor for the devel-
opment of failure. Other complications associated with this
method include endoleak (persistent blood flow within the
aneurysm sac), which may cause prosthesis thrombosis; block-
age of blood flow through the stent graft, movement of the
stent graft out of the original positioning site, fracture of the
stent graft, and aortic aneurysm during the placement of the
stent due to dilatation caused by the angioplasty balloon; and
possibility of occlusion of any major artery (e.g., renal artery).

The increased morbidity and mortality of patients who
underwent surgery for correction of endovascular aneurysm
of the aorta is not defined, not yet knowing whether or not it
is related to the surgical technique ([2], p. 14).
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Clinical Presentation

M.C.O.M., female, 62 years old, admitted in the emergency
room with sudden and progressive onset of dyspnea for about
an hour before admission. Refers rheumatoid arthritis and
upper airways infection (UAI) for about a week. On exami-
nation, the patient was tachycardic, tachypneic, and hypoten-
sive (96 x 60 mmHg), presenting jugular venous distention
and plethora in the face, neck, and upper chest. Cardiac aus-
cultation showed hypophonic sounds.

Diagnosis, Assessment, and Treatment
The patient was intubated in the emergency room, being placed

on mechanical ventilation and initiated continuous infusion of
noradrenaline (0.2 mcg/kg/min). Electrocardiogram (ECG)
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at admission showed atrial fibrillation (AF) and arterial
blood gas values for PCO,, 54 mmHg; pH, 6.58; PO,,
52 mmHg; HCO,, 9.9 mEq/L; and SO,, 54%. Still had WBC,
14,350/mm?; band cells, 4 %; platelet, 130,000/mm?; C-reactive
protein (CRP), 1.07 mg/dL (Reference Value — RV, 0.5 mg/dL);
troponin, 0.846 ng/ml (RV < 0.016); and CK mass, 179 ng/mL
(RV <34).

Transthoracic echocardiogram showed severe left ventric-
ular dysfunction and mild to moderate pericardial effusion
with the collapse of the right ventricle. The patient was sub-
jected to pericardiocentesis with removal of a small amount
of liquid (130 ml) and transferred to intensive care unit
(ICU), where a catheter was inserted for invasive hemody-
namic monitoring (Swan-Ganz) in the left subclavian vein
and continuous blood pressure (BP) in MSE.

Another echocardiogram showed severe biventricular dys-
function (EF 15%) (Fig. 1, ECO transthoracic). A progressive
increase of noradrenaline (01 mcg/kg/min), associated with
dobutamine (08 mcg/kg/min) and vasopressin (0.04 U/min),
was necessary. Held chemical cardioversion of AF with amio-
darone and electrical cardioversion. Intra-aortic balloon was
installed without significant improvement in hemodynamic

Ficure 1 ECO transthoracic (EF, 15%)
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condition. Arterial blood gas analysis showed severe respira-
tory acidosis with pH, 72 (RV = 735-745); blood lactate,
28 mg/dL (RV = 45-144 mg/dL); PCO,, 58 mmHg
(RV = 35-45 mmHg); PO,, 68 mmHg (RV = 80-100 mmHg);
HCO,, 29 mmHg (RV = 22-36 mmHg); SpO,, 83%
(RV =95-100%); SVO,, 65% (RV = 68-77%).

Considering the refractory cardiogenic shock and clinical
progression with multiple organ failure, it was decided by the
installation of circulatory assist device — extracorporeal mem-
brane oxygenation (ECMO) in venoarterial mode with right
femoral vein (23F Maquet cannula) and femoral artery (17F
Magquet cannula) cannulation by the Seldinger technique.
Patient progressed after 6 h of ECMO installation with
hemodynamic improvement, being possible to reduce vasoac-
tive amines (noradrenaline, 0.5 mcg/kg/min; dobutamine,
8 mcg/kg/min; vasopressin, 0.02 U/min) and improvement of
metabolic acidosis, with blood gas pH, 73; PO,, 105 mmHg;
PCO,, 45 mmHg; HCO,, 20 mEqg/L; and SpO,, 94%.
Echocardiogram after installation of ECMO showed moder-
ate decompression of the heart chambers but maintenance of
biventricular dysfunction (ejection fraction, 15%).

By completing 24 h of circulatory assistance, continuous
infusion of heparin (10 U/kg/h) was started. Patient presented
bleeding puncture and melena, and endoscopy showed gastric
ulcer. After 48 h of circulatory assistance, she returned to pres-
ent AF, despite of the continued use of amiodarone and multi-
ple electrical cardioversion, requiring increased vasoactive
amines. There was the need for blood transfusions with packed
red blood cells (04 TU) and platelets (15 IU). Another echocar-
diography showed biventricular asystole and strain of the car-
diac chambers. Exams on the second day of circulatory support
showed arterial gasometry — pH, 738 (RV =735-745);pCO,, 58
mmHg (RV = 3545 mmHg); PO,, 71 mmHg (RV = 80-100
mmHg);HCO,, 34 mEq/L (RV = 22-26 mEq/L); SpO,, 94%
(RV = 95-100%); SVO,, 77% (RV = 68-77%); WBC,12,000/
mm? (RV = 5.000-10.000/mm?); band cells, 10% (RV =2-6%);
platelet, 74.000/mm® (RV = 150-400/mm?’); PCR, 144 mg/dL
(RV =0,4-0,5 mg/dL); troponin, 0.705 ng/ml (RV = < 0,030 ng/
mL); CK mass,2.10 ng/ml (RV = < 4,94 ng/mL); fibrinogen, 230



274  F.B.S.da Cunha et al.

mg/dL (RV = 150-370 mg/dL); Hb, 10,6g/dL (RV = 12-16 g/
dL); Ht,32% (RV =35 a 45%);lactate, 25 mg/dL (RV = 4,5-19,8
mg/dL); albumin, 3.5 g/dl (RV = 3,5 a 5,2 g/dL); urea, 81 mg/dL
(RV = 16-40 mg/dL); creatinine, 0.98 mg/dL (RV = 0,6-1,2 mg/
dL); and Na+, 150 mmol/L (RV = 135-145 mmol/L); K+, 3.5
mmol/L (RV = 3,5-5,5 mmol/L). Research for rheumatic dis-
ease and autoimmune were negative: CH50 < 60 U/CAE (RV
= 60-144 U/CAE); C3, 35 mg/dL (RV = 84-193 mg/dL); C4,9
mg/dL (RV = 16-47 mg/dL); negative anti-CCP; anti-DNA <
1.0 U/mL (RV = < 68, 6 U/mL); FAN, nonreactive (RV = non-
reactive); ANCA C and P, nonreactive (RV = nonreactive); and
FR,< 9.3 Ul/mL (RV =< 14,0 UI/mL).

Hemodynamic instability, due to the persistence of atrial
arrhythmia (atrial fibrillation), is not responsive to electrical
cardioversion therapy coupled with the strain of the cardiac
chambers and reduced urine output with increased slag, deter-
mining the replacement of ECMO to paracorporeal biven-
tricular circulatory support device (CentriMag). The procedure
was performed in the operating room under general anesthe-
sia by median thoracotomy and extracorporeal circulate. Two
drainage cannulas were installed, one in the right atrium and
the other in the left atrium, the last positioned in the left ven-
tricle under the guidance of transesophageal echocardiogra-
phy. Two return cannulas were installed in the main pulmonary
artery and the ascending aorta (Fig. 2).

Upon returning to the ICU, the patient developed hemody-
namic instability in the early hours of biventricular assistance,
managing to restart weaning amines 24 h after installation of
the devices, and maintained only dobutamine (8 mcg/kg/min).
There was improvement in urine output due to the diuretic
stimulus. Patient needed another transfusion (CH, 03 IU) due
to the worsening of the white blood cell count (23,200 with
19% rods), and Vancomycin was started. Sedation was sus-
pended to assess the level of consciousness. As the service
protocol, daily echocardiography was performed to evaluate
ventricular function, which showed progressive improvement.
Patient maintained minor bleeding through mediastinal drain
and puncture sites, and anticoagulation control was done by
tempo de coagulacdo ativado activated coagulation time
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Figure 2 XR after installation of biventricular CentriMag

(ACT) every 2 h (within the range therapy). There was the
need for blood transfusion. Considering the positive accumu-
lation of fluid balance, dialysis was started from the fifth day
of circulatory support with good tolerance.

By completing 9 days of circulatory assistance, there was
full recovery of biventricular function (CentriMag
Biventricular®), being decided by the weaning and explanta-
tion of the devices. Procedure was performed in the operating
room under general anesthesia. In the ICU, tracheostomy was
done to facilitate weaning, which was achieved 13 days after
explantation of the devices.

She was discharged from ICU 31 days after explant of
circulatory assist devices.

Questions

1. How is the cardiogenic shock diagnosis done?

According to the 2016 ESC Guidelines for the Diagnosis and
Treatment of Acute and Chronic Heart Failure, cardiogenic
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shock (CS) is characterized by marked persistent (>30 min)
hypotension with signs of hypoperfusion, blood pressure
(BP) <90 mmHg, decrease in cardiac index < 2.2 L/min/m?, and
elevated ventricular filling pressure (pulmonary capillary wedge
pressure > 18 mmHg/central venous pressure > 20 mmHg).
Other markers of metabolic and invasive hemodynamic moni-
toring in CS are also mentioned, such as systemic vascular
resistance > 2000 dines/s/cm*/m? and increased arteriovenous
difference of O, > 5.5 ml/dl. The identification of the shock
etiology is crucial in order to establish the appropriate treat-
ment and the consequent hemodynamic stabilization and/or
reversal of dysfunction.

2. What is the best treatment choice for the cardiogenic
shock?

For the patient with suspected cardiogenic shock, the ini-
tial workup includes chest X-ray, electrocardiogram, and
echocardiogram.

The pharmacological management is the use of inotropic
and vasopressor agents. There is a constant monitoring of
hemodynamic perfusion. In this case, the pulmonary artery
catheterism should be considered. Dobutamine is the most
constant inotropic. Norepinephrine is an important vasopres-
sor. The use of intra-aortic balloon, although questionable, as
the latest guideline of heart failure of the European Society
of Cardiology (ESC 2016) and other publications, can be
used, especially if there are no more effective devices.
However, often the use of circulatory assist devices should be
considered when there is not an adequate response [1].

3. What is myocarditis?

Myocarditis corresponds to the inflammation of the heart
muscle due to exposure to external antigens such as viruses,
bacteria, parasites, drugs, or internal trigger such as autoim-
mune activation against autoantigens. This inflammation is
also associated with any form of injury to the heart, including
ischemia, by mechanical trauma and genetic conditions.

The pathological diagnosis according to the Dallas crite-
ria calls for the presence of inflammatory cells simultane-
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ously with myocyte necrosis in the same microscopic
preparation. However, the criteria have become very criti-
cized for being too narrow and difficult to apply. Thus, myo-
carditis became an exclusion diagnosis. The own diagnostic
definition has become broader, including the presence of
viral genome or molecular markers of immune activation, in
agreement with the advent of new techniques of molecular
diagnosis.

This existing failure in accurate diagnosis or the failure to
detect subclinical cases is reflected in the difficult affirmation
of the true incidence of myocarditis, always depending on the
inclusion and applied diagnostic criteria. In young adults who
had sudden death, it was suggested a higher incidence of myo-
carditis up to 8.6%. This shows that myocarditis is not clini-
cally suspected, leading to death or severe heart failure [5].
4. What is the pathophysiology of viral myocarditis?

According to the 2013 Brazilian guidelines on myocarditis
and pericarditis, the pathophysiology of viral myocarditis can
be divided into acute, subacute, and chronic phases.

The acute phase is characterized by the presence of vire-
mia. The virus reaches the myocardium through hematoge-
nous or lymphatic dissemination. There is loss of myocytes by
necrosis due to direct action of the virus, cytotoxic effects of
inflammatory mediators, and oxidative stress products associ-
ated with endothelial dysfunction and ischemia. The direct
action occurs by the entry of the virus into the cell, through
membrane receptors such as CAR (coxsackie-adenovirus
receptor) and cytoplasmic and nuclear injuries. As the viral
aggression progress, there is an activation of a mechanism
from the immune system with important inflammatory infil-
trate with natural killer cells and macrophages. The produc-
tion of cytokines (interleukin 1 and 2, interferon y and tumor
necrosis factor) is part of this inflammatory response, which
can damage myocytes depending on the time and exposure
levels of these cells.

The subacute phase starts from the 4th day of inoculation
and extends until the 14th day. The T lymphocyte infiltrate



278 F.B.S.da Cunha et al.

continues in myocardial invasion, peaking 7-14 days after viral
inoculation. In this phase occurs the main myocardial cell
damage. There is also B lymphocytes infiltration, and the pro-
portion increases gradually during the first to the third month.
The humoral immune response has an important role in myo-
cardial injury and dysfunction. The direct or indirect myocyte
injury releases myosin into the circulation, and the presence of
this protein promotes the release of antibodies against the
myosin heavy chain and stimulates CD4 + T lymphocytes,
which can perpetuate and amplify the lesion of cardiac cells.
This amplification stimulated by CD4 T lymphocytes occurs by
stimulating B lymphocytes in the production of anti-myosin
antibodies and by stimulating the cytotoxic presence of CD8 T
lymphocytes. Cross-reaction of antibodies between viral anti-
gens and myocardial cells also provides damage to myocytes.
The third phase begins on the 15th day and continues until
the 90th day after viral inoculation and is characterized by
the intense deposition of collagen in the myocardial intersti-
tium with myocardial fibrosis evolving to dilation, dysfunc-
tion, and heart failure.
5. What are the indications for mechanical circulatory
support in cardiogenic shock?

According to the Guideline of Mechanical Circulatory
Assistance from the Brazilian Society of Cardiology (2016),
the following considered indications for implantation of
mechanical circulatory assist devices (MCAD) in cardiogenic
shock, in the context of acute insult: post-acute myocardial
infarction cardiogenic shock, acute fulminant myocarditis,
peripartum, exogenous intoxication, Takotsubo, postcardiot-
omy, cardiac allograft dysfunction, right ventricular dysfunc-
tion post-implant of left MCAD, acute heart valve disease,
pulmonary embolism, and sepsis.

In the case of cardiogenic shock in acute chronic patients,
the following are considered indications for implantation of
mechanical circulatory assist devices (MCAD): chronic car-
diomyopathy with indication for heart transplantation, eligi-
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ble cardiomyopathies for long-term devices, and congenital
cardiopathies.

According to the Guidelines of the European Society of
Cardiology — ESC 2016 — the use of mechanical circulatory sup-
port, including heart percutaneous support equipment, extra-
corporeal life support (ECLS), and extracorporeal membrane
oxygenation (ECMO), attends in life support of patients with
left ventricular or biventricular failure, until heart and other
organ functions return. The use of this equipment is restricted
to a few days and weeks. The score of survival after venoarterial
ECMO use can help in predicting survival in patients receiving
ECMO to contain refractory cardiogenic shock.

The ECLS and ECMO can be used as a bridge to decision
in patients with acute and rapid deterioration in heart failure
or cardiogenic shock, serving for hemodynamic stabilization
and clinical evaluation for possible heart transplant proce-
dure or a more durable mechanical circulatory support.

Regarding the guidelines from the International Society
for Heart and Lung Transplantation (2013), the extended use
of mechanical circulatory assistance (MCS) in patients with
acute cardiogenic shock is indicated as these evidence levels:

e Evidence level B, inotropic dependent patients, represent-
ing a high mortality group even in continuous medical
treatment.

e Evidence Level C, patients with ventricular function con-
sidered unrecoverable, patients with hemodynamics and
vital organ function maintenance difficulties, patients with
a significant capacity for recovery quality of life and organ
dysfunction, and patients with irreversible organ damage.

e Evidence level C, patients with end-stage systolic heart
failure, being necessary to calculate the risk and cardiopul-
monary stress test.

e Evidence level C, heart failure patients at high risk of
death for a year, using prognostic models, with indication
for heart transplantation or MCS, as a bridge to transplan-
tation or destination therapy.
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6. How to manage a patient in use of mechanical circulatory

support?

According to the Guideline of Mechanical Circulatory

Assistance from the Brazilian Society of Cardiology (2016),

the following actions should be taken during mechanical cir-

culatory support:
— Monitoring of the perfusion status through continuous
cardiac monitoring, pulse oximetry, invasive measure-
ments of blood pressure, central venous pressure, and
diuresis control.

— Monitoring of renal and liver function, tissue perfusion
(lactate), and venous oxygen saturation index measures
should be made by laboratory tests.

— Routine inspection (every 6 h) of the whole circuit with
special attention to the puncture site and membrane oxy-
genation, measuring the drainage pressures before and
after the membrane.

— Strict gasometric control, from the patient and from the
circuit (pre and post membrane).

— Blood pressure control, arrhythmias, and collateral effects
by use of vasoactive drugs.

— Monitoring of coagulation tests by measuring the acti-
vated partial thromboplastin time (APTT) every 6 h or
thromboelastogram daily with adjustment of the heparin
infusion dose and replacement of clotting factors, pri-
marily platelets (preventing reduction to less than
60,000/mm?).

— Hematimetric control with maintenance of hemoglobin
levels above 12 mg/dL.

— Chest X-ray and daily transthoracic echocardiography,
with evaluation of the positioning of the cannulas, decom-
pression of the heart chambers, the opening of the aortic
valve, myocardial contractility, and measures of the filling
pressure (PASP and PVC).

The levels of renal dysfunction are high mortality fac-
tors after mechanical circulatory support implantation, as
well as hepatic dysfunction. Elevated bilirubin, INR and
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transaminases, ascites presence and hepatic encephalopa-
thy, hypoalbuminemia, Model for End-Stage Liver Disease
(MELD), and Child-Pugh high scores are the main hepatic
alterations related with this worse prognosis.

7. What are the criteria for weaning and explant

of circulatory assistance device?

According to the Guideline of Mechanical Circulatory
Assistance from the Brazilian Society of Cardiology (2016)
the explant or MCAD weaning should occur under the fol-
lowing conditions: when in minimal assistance condition
(flows from 1.5 to 1.0 L/min) check the opening of the aortic
valve associated with improved left ventricular function
(LVEF 40-45%), cardiac chambers decrease and mainte-
nance of adequate hemodynamic parameters.

In cases of severe complications related to the device, such
as bleeding and hemolytic, thrombotic and embolic complica-
tions, it’s indicated the explant [2].

8. What are the main complications in circulatory assistance?

The main complications of circulatory assistance involve
problems arising from the need for continuous anticoagula-
tion, mainly bleeding in puncture and digestive sites, as well
as pericardial effusion and infection.

Hemorrhagic complications should be promptly evaluated
with the objective of reversing the effects of anticoagulants
and antiplatelet agents and exploration for bleeding, if
necessary.

Hemolysis is associated with negative pressure elevations
in the venous line, persistent maintenance of high blood flow,
or inappropriate choice of drainage and infusion cannulas.

Thrombus formation in the circuit and embolic events are
mainly caused by the difficulty of modulating the necessary
coagulation target.

The increase in complications after mechanical circulatory
assist devices (MCAD) implant is directly related to assis-
tance time. In this way we should take into consideration the
migration to other devices or assistance mode whenever
there are signal of inappropriate response to therapy.
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Review About the Addressed Disease
or Treatment

Heart failure (HF) represents the common pathway of most
heart diseases, being a growing epidemic problem. As for
definition, Ponikowski et al. [1] characterize HF as an abnor-
mality of cardiac function or structure that progresses to
failure in the delivery of commensurate levels of oxygen and
are determinants for tissue metabolic needs. In addition,
there are hemodynamic changes involving inadequate car-
diac output responses and elevated pulmonary and systemic
venous pressures. This reduction in cardiac output contrib-
utes to a state of inappropriate tissue perfusion [7].

Another necessary point is the correlation of the diagnosis
of HF and the initial symptoms, such as cardiogenic shock
(CS), identifying details that may conclude in the diagnostic
description. The CS relates to the inability of the cardiac
muscle to provide adequate output to the needs of the organ-
ism, which generates signs and symptoms of low cardiac out-
put associated with degrees of pulmonary congestion.
Persistence of the shock frame results in the onset and wors-
ening of hypoxia, with accumulation of metabolites, acidosis,
and endothelial and cellular damage. As a consequence, there
are interferences on inotropism and/or cardiac chronotro-
pism, which decreases cardiac work, contributing to the onset
of arrhythmias, inflammation, and myocardial ischemia,
among other complications [6].

All this dysfunction of the heart muscle may also be asso-
ciated with the so-called myocarditis, which indicates the clas-
sic paradigm of cardiac injury: the pathogenesis of myocarditis
followed by an inflammatory immune response of the host,
such as cardiac inflammation. The consequences of this
intense immune response, as in the case of viral myocarditis,
may be dilated cardiomyopathy and acute heart failure with
refractory cardiogenic shock.
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Cardiac Transplantation
in Situs Inversus Totalis:
A Surgical Challenge

Vanessa Lopes Vieira, Guilherme Henrique Ribeiro
de Carvalho, Leandro Pedro Goloni Bertollo,
Fabio Biscegli Jatene, and Fabio Antonio Gaiotto

Clinical Presentation

A 45-year-old male patient presented a 6-month report of
fatigue on moderate exertion, dyspnea at rest, and paroxys-
mal nocturnal dyspnea. He searched for medical care in his
hometown and was diagnosed with non-compacted right
ventricle, situs inversus totalis, dilated cardiomyopathy, and
decompensated congestive heart failure. After being hospi-
talized for 1 month, he was discharged with prescriptions of
carvedilol, captopril, furosemide, acetylsalicylic acid, spirono-
lactone, omeprazole, and marcoumar (Phenprocoumon), with
important clinical improvement. He stopped using medica-
tion due to gastric intolerance, and his decompensation wors-
ened. In this period he also presented an episode of arterial
thrombosis, with cyanosis in lower limbs and local pain,
requiring surgical intervention (embolectomy) and oral
anticoagulation. The patient underwent a new hospitalization
as his condition deteriorated, and he started to feel discom-
fort when carrying any physical activity, in addition to dyspnea
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at rest. Following this change of heart failure functional clas-
sification (NYHA III to IV), he was finally transferred to our
service due to refractoriness to clinical treatment, in use of
intravenous inotropic medication (Dobutamine 6 mcg/kg/min).
On his admission physical examination at our service, the
patient presented a significantly compromised general health,
as well as cachexia and adynamia, although his vital signs
were good (pulse 60 bpm, blood pressure 116 x 74 mmHg).
His lungs were clear to auscultation, and the cardiac examina-
tion presented normal S1 and S2, with regular rate and
rhythm. No edema or cyanosis was noted on his extremities.

Diagnosis, Assessment, and Treatment

An initial chest radiography showed cardiomegaly and dex-
trocardia (Fig. 1). The measurements of his cardiac chambers
verified on the echocardiography were as follows: left atrium,
43 mm (reference ranges, 20-40 mm); right ventricle, 25 mm
(20-40 mm); interventricular septum, 8 mm (6-11 mm); and
left ventricle posterior wall, 8 mm (6-11 mm). There was an
important diffuse hypokinesia, and the ejection fraction was
24%.The LV diastolic diameter was 71 mm (37-55 mm), and
the LV systolic diameter was 63 mm (20-40 mm).

A gallium scintigraphy requested in the patient’s home-
town presented scintigraphic signs of discrete myocarditis.

The patient had negative serologies for Chagas disease,
cytomegalovirus (IgG and IgM), syphilis (negative VDRL
and FTA-ABS), hepatitis C, and hepatitis B surface antigen;
he also had negative anti-HBe and anti-HBc; serology for
toxoplasmosis was IgM-negative and IgG-positive.

The coronary arteries did not present any obstructive
lesions in the coronary angiography; pulmonary artery
pressure was 25 x 11 mmHg, and its mean pressure was
16 mmHg (reference ranges, 12-16 mmHg).

An abdominal USG confirmed situs inversus totalis, with-
out other abnormalities.
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FiGURe 1 Initial chest radiography showing an enlarged cardiac sil-
houette, with the base-apex axis pointing to the right (dextrocardia).
The aortic arch and the gastric bubble are seen on the right as well

His immune panel showed absent response to class I and
class I HLA molecules (both had a reactivity of 0%).

The highly decompensated heart failure demanded the
maintained use of intravenous inotropic medication
(Dobutamine 6 mcg/kg/min). The patient evolved with heart
failure compensation, and dobutamine was then suspended.
Investigation for thrombophilia (Factor V Leiden, prothrom-
bin mutant, antithrombin 3, lupus anticoagulant, and anticar-
diolipin) was negative. Oral anticoagulation was adjusted
(enoxaparin 40 mg SC 12/12, warfarin 5 mg/d). He was dis-
charged with dyspnea on mild exertion, INR 1,1, and pre-
scriptions of captopril, carvedilol, spironolactone, and
hydralazine. The patient was also included in heart transplant
queue.

He underwent further hospitalizations for low cardiac out-
put symptoms (dizziness, asthenia) and for a complaint of
intermittent claudication to short distances due to right lower
limb pain; arterial Doppler of this limb presented signs of
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occlusion/subocclusion in popliteal, peroneal, and tibial ante-
rior arteries, requiring a new embolectomy.

The patient was subjected to bicaval orthotopic heart
transplant with a normal heart donor who was a 38-year-old
man, smoker, and a victim of traumatic brain injury. Donor
myocardial was protected with a single dose of Custodiol. The
total ischemia time was 3 h 40 min, and extracorporeal circu-
lation lasted 1 h 25 min (Fig. 2). The implant was made with
% h counterclockwise rotation (Fig. 3), bringing the left auri-
cle to medial position and the right chambers to a posterior
position (retroaortic superior vena cava and posterior infe-
rior vena cava). Left ventricle was anteriorized; the isotopic
pulmonary trunk and the aorta were both in end-to-end
anastomosis. The cardiac beating recovery was good.

Immunosuppression was held with corticotherapy, mycophe-
nolate, and cyclosporine, and an endomyocardial biopsy was
performed 16 days after surgery, with no signs of rejection.

Postoperative transthoracic echocardiograms showed
important ventricular function improvement, with absence of
blood flow obstruction in venoatrial and ventriculoarterial

FIGURE 2 Picture taken immediately after sternotomy and opening
of the pericardium sac showing recipient heart with its axis directed
to the right and mirrored-positioned vascular pathways
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FiGure 3 Normal donor heart implanted with % h counterclockwise
rotation, with the left ventricle in medial position and the right
chambers and inferior vena cava in posterior position. The aorta and
pulmonary trunk were both in end-to-end anastomosis

connections, preserved left ventricular function, ejection fraction
of 60%, and discrete right ventricular diffuse hypokinesia.

In the first postoperative days, the patient presented catheter-
related infection and urinary tract infection, both resolved with
tazocin and vancomycin. Two weeks after surgery, he had as
complications a left phrenic palsy, an esophageal candidiasis
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(managed with fluconazole), an esophageal ulcer with a biopsy
suggestive of herpes simplex virus infection, and a mild cyclo-
sporine-induced hyperkalemia.

The patient evolved well and was discharged on the 28th
postoperative day. Ten months after surgery, he is still hemo-
dynamically stable and without any signs of rejection.

Questions

1. What is non-compacted cardiomyopathy, how is it
manifested, and how to make this diagnosis?

Noncompaction cardiomyopathy is a rare congenital disease
characterized by the presence of prominent trabeculae with
intertrabecular recesses which penetrate deeply through the
ventricular myocardium, forming a loose network of intertwined
muscle fibers with communications between the non-compacted
myocardial layer and the ventricular cavity [1]. Patients may
remain asymptomatic or develop symptoms of heart failure,
ventricular tachycardia, or thromboembolic events due to
thrombus in the atria or in the intertrabecular recesses. The diag-
nosis is made through image exams, with Doppler echocardiog-
raphy being the procedure of choice [1]. It is also recommended
the support of other images, such as cardiovascular magnetic
resonance, since echo has several limitations, including high
operator dependence and misdiagnosis of non-compacted car-
diomyopathy in normal individuals with fine trabeculations [1].
2.Is the thromboembolic event related to the initial
diagnoses?

There is a possible cardioembolic origin for these events, with
support by the fact that investigation for thrombophilic
syndromes turned out to be negative. As mentioned above,
some of the symptoms that might develop from noncompac-
tion cardiomyopathy are thromboembolic events, since the
multiple ventricular trabeculations are believed to be an
important anatomic substrate to form thrombi (prophylactic
anticoagulation may be indicated) [1]. There may be also a
contribution from the component of blood stasis resulting
from ventricular hypokinesia.
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3. Would heart transplantation be indicated in this case?

Considering the presence of persistent functional class III
heart failure and refractoriness to clinical management, with
dependence on inotropic drugs, and the recurrent hospital-
ization history, the heart transplant is indicated in this case
[2]. Besides, to be on the heart transplant waiting list, other
criteria need to be accomplished: negative serologies, not
using drugs or smoking for at least 6 months, and absence of
severe lung disease and pulmonary hypertension [3]. The
priority is established by analyzing factors as dependence on
inotropic drugs, use of intra-aortic balloon pump or other
ventricular assist devices, and dependence on mechanical
ventilation [3].

4. How to evaluate a candidate to heart transplant?
Evaluation of cardiac transplant candidates aims to identify
comorbidities and contraindications that would have a nega-
tive impact on the surgery or that might decrease short- or
long-time survival. It involves a series of prognostic criteria,
such as, according to the II Brazilian Guidelines for Cardiac
Transplantation [2], complete history taking and physical
examination, immunocompatibility tests (ABO, HLA typing,
panel reactive antibody (PRA)), assessment of heart failure
severity (cardiopulmonary test, Doppler echocardiography,
pulmonary hemodynamic assessment, resting ECG), func-
tional assessment of multiple organs (biochemistry of blood,
urinalysis, glomerular filtration rate, 24-h proteinuria, blood
gas analysis, chest X-ray, abdominal ultrasound), serologies
for infections and vaccination (HbsAg, anti-Hbc, anti-Hbs,
anti-HCV, HIV, HTLV, CMYV, toxoplasmosis, EBV, varicella,
antipneumococcal vaccine, influenza vaccine, hepatitis B
vaccine, anti-Hbs, prophylaxis for verminosis), screening for
malignancies according to age range and indication (fecal
occult blood, colonoscopy, mammography, cervical cytology,
PSA), and multidisciplinary assessment (nutritional, social,
and nursing evaluation, other specialties if indicated).

5. Would it be possible to find a donor heart with
dextrocardia?

From the technical perspective, it would be ideal to find a
donor with dextrocardia and with the vascular roots compat-
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ible with those of the recipient, but this is virtually impossible
given the very low incidence of dextrocardia (1:12000) [4].
6. What are the possible surgical techniques for an
orthotopic heart transplant?

There are two techniques for orthotopic heart transplant:
classic and bicaval. The difference between them relies on
atrial resection. In the classic technique, the right atrium is
opened in its anterior face, while in the bicaval technique,
a section is made in the superior atriocaval junction,
removing a bigger part of the receptor right atrium and
preserving the donor sinoatrial node; the left atrium is
completely removed except for the segment where pulmo-
nary veins are inserted, which is maintained for suture of
the left atrium [2]. Bicaval technique utilization led to a
decrease in complications often seen in patients who
underwent classic orthotopic cardiac transplant, such as
insufficient atrioventricular valves, arrhythmias, and intra-
cardiac thrombi [2].

7. What is the importance of endomyocardial biopsy

for assessing rejection?

Endomyocardial biopsy is the gold-standard procedure for
assessing rejection and is required whenever rejection is sus-
pected, being used with frequency in the first postoperative
phases [2]. It is a percutaneous procedure that consists of
removing fragments from the interventricular septum, guided
by fluoroscopy or echocardiography; access pathways include
femoral and jugular veins [2].

8. What are the possible posttransplant complications?

Important posttransplant complications are infections (with
special attention to toxoplasmosis and cytomegalovirus),
Chagas disease reactivation, neoplasias, retransplant (usually
for early failure or for allograft vasculopathy), and comor-
bidities such as hypertension (associated to certain immuno-
suppressants like corticosteroids and calcineurin inhibitors)
and diabetes mellitus (negative impact of cyclosporine and
tacrolimus on pancreatic function) [2].
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Review About the Addressed Disease
or Treatment

Heart transplant is a well-established, gold-standard therapy
for refractory end-stage heart failure. Brazil has had increas-
ing participation on the global account of procedures, with
the rise of important transplant centers; a great challenge
remains the lack of effective donors. The surgical techniques
involved have suffered few changes along the years, with the
major revolution on patient survival remaining discovery of
cyclosporine in the late 1970s, allowing a superior rejection
control. Orthotopic cardiac transplantation is often associ-
ated with tricuspid insufficiency (besides other complica-
tions already mentioned above such as arrhythmias and
intracardiac thrombi), especially the classic technique, which
involves bigger geometric changes of the right atrium tricus-
pid valve, due to donor and recipient atrium anastomosis [2].
Heterotopic transplant is an option to the orthotopic tech-
nique that may be considered in patients unable to use
mechanical circulatory assistance devices and in other situa-
tions that include pulmonary vascular resistance >5 uW after
use of vasodilators and disproportion between recipient and
donor weight [2].

There are few scientific reports of cardiac transplantation
in patients with situs inversus totalis. Situs inversus can be
classified further into situs inversus with levocardia or situs
inversus with dextrocardia [5]. It is a condition transmitted
through autosomal recessive genes in which the atrial cham-
bers and the viscera are in a mirrored position when com-
pared to normal (normal viscera positioning is named situs
solitus) [5]. Dextrocardia is a term that applies specifically to
the cardiac apex direction, which in this case is directed to the
right, not implying a morphologic inversion. In situs totalis
with dextrocardia, however, the morphologic right atrium is
on the left and the morphologic left atrium is on the right.
Situs inversus with dextrocardia is also termed situs inversus
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totalis because the cardiac position, as well as the atrial cham-
bers and abdominal viscera, is a mirror image of the normal
anatomy [5]. It is a rare condition (less rare than situs inversus
with levocardia, though), specially to be found in an adult.
The late diagnosis in this patient may be explained by the
relative lack of associated cardiovascular malformations,
except for the noncompaction cardiomyopathy, whose asso-
ciation with situs inversus and dextrocardia is extremely rare
and almost inexistent in the literature [1]. Even though situs
abnormalities may be first recognized by using radiography
and ultrasonography, computed tomography scanning is the
preferred examination for the definitive diagnosis of situs
inversus with dextrocardia, providing good anatomic detail
for confirming visceral organ position, cardiac apical position,
and great vessel branching [5].

The greatest difficulty of heart transplant in patients
with situs inversus totalis is the reconstruction of the sys-
temic and pulmonary venous pathways [6-8]. The first tech-
niques described to resolve this problem were the removal
of extra length of the donor’s veins and confection of con-
duits to connect recipient and donor vessels. Doty et al. [9]
used a conduit made of pericardium connecting both the
inferior vena cavas (IVC), while Rubay et al. [7] used a
piece of aortic homograft and a conduit made of recipient
right atrium and pericardium. Chang et al. [6] used a con-
duit made of right atrium free wall. The vascular endothe-
lial surface of the right atrium free wall was superior to a
prosthetic graft [6]. Cooper et al. [8] attempted to eliminate
the necessity of managing the roots of superior and inferior
vena cavas through artificial or autogenous conduits. His
group developed a method in which the heart receives
slight counterclockwise rotation, allowing to connect donor
and recipient IVCs directly. A patient operated under such
method by Chang’s team, though, presented a sudden col-
lapse on the 8th postoperative day that was attributed to a
heart twist possibly secondary to the rotation [6].

However, besides the alignment of the IVCs, seating the
normal donor heart in dextrocardia allows a better accom-
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FIGURE 4 Donor cardiectomy was accomplished with en bloc
removal of the superior vena cava and innominate vein and extra
length removal of the inferior vena cava, aorta, and pulmonary
artery. The donor graft was then prepared by oversewing the left
pulmonary vein orifices and by opening the left atrium between the
right pulmonary veins. (Adapted from Deuse and Reitz [10])

modation of the organ in the recipient pericardial cavity; it
avoids ventricular compression from the three-lobed left
lung, which would simulate a tamponade [10]. These were the
reasons which led to the choice for this surgical technique in
our case (Fig. 4).
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Clinical Presentation

Patient WCV, masculine, 51 years old, without comorbidities,
went to the hospital complaining of a sore throat, fever
(38.5 °C), and nonproductive cough. There were no altera-
tions at the chest radiography and sinus radiograph, and the
patient was discharged. Three days later, the patient returned
with the same symptoms, and the chest radiography revealed
a discrete pulmonary infiltration at the right lung base.
Therapy was initiated with levofloxacin 750 mg once a day,
for 3 days. However, even after the proposed treatment, the
patient continued with a fever and dry cough, presenting mal-
aise in the morning, cold extremities, fatigue, and SpO, 70%.
Treatment with oseltamivir, ceftriaxone, and clarithromycin
was started, but the patient remained with intermittent non-
invasive ventilation with SaO, 96%. When using high-flow
oxygen mask, the SaO, dropped down to less than 90%.
After 3 days, the patient was admitted to the ICU with the
diagnosis of severe acute respiratory syndrome and severe
community-acquired pneumonia caused by HIN1. The next
day, the patient was in refractory hypoxemia despite the
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mechanical ventilation with SaO, 80% and FiO, 100%, using
a low dose of norepinephrine and presenting asynchronous
breathing. Doctors increased the sedation and performed
three alveolar recruitments with good results, getting SaO,
92%, and maintaining minimum PEEP (11 cmH20) to keep
a Sa0, of at least 90%. After 2 days, the patient was still in
refractory hypoxemia, so the doctors decided to start the
ARDS (acute respiratory distress syndrome) protocol, with
volume control and FiO, 50%. Five days after, the patient
developed pneumomediastinum, cervical emphysema, and
progressive subcutaneous emphysema with decreased venti-
lation and laminated pneumothorax on the left side (Fig. 1).
Besides that, the doctors decreased the PEEP and increased
the FiO,. A thoracic drainage catheter at the left side, beneath
the lung, to drain the serous liquid from the thorax was
installed, and cervical tracheostomy was performed.

The next day, the patient’s hypoxemia worsened, also
developing a pulmonary dysfunction with high ventilatory
parameters installed (PEEP 18, FiO, 100%, PaO,/FiO, ratio
66) besides taking methylprednisolone.

AY

FiGure 1 Posteroanterior chest X-ray showing subcutaneous
emphysema and pneumomediastinum
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Diagnosis, Assessment, and Treatment

After several conventional interventions like antibiotics and
antiviral drugs to control the causal factor, noninvasive venti-
lation, mechanic ventilation, sedation, the use of corticoste-
roid, and other interventions, the patient remained in
refractory hypoxemia. Therefore, doctors decided to install
the veno-venous ECMO (extracorporeal membrane oxygen-
ation), by puncturing the right femoral vein and right jugular
internal vein, to begin with a membrane oxygenation support,
using a blood and oxygen flow of 6 liters per minute and FiO,
94%. Right after the support installation, the parameters
improved (Table 1).

TaBLE 1 Arterial blood gas values before and after ECMO
installation

Before ECMO After ECMO
Pre- Post-

membrane membrane
06:39 AM  09:16 PM 11:00 PM 11:03 PM

pH 735 748 753 759
(7.35-745)

PaO, (80- 63 337 38 358
95 mmHg)

PaCO, 35- 57 43 37 30
45 mmHg)

HCO, (21- 315 32 30.9 28.8
28 mmol/L)

Co, 332 333 32 29.7
total (24—

31 mmol/L)

Base excess 4.7 7 76 73
(-3 to +3)

SatO, 91 100 80 100

(95-99%)
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At the next day, there was a significant improvement of
hypoxemia, with pH of 756 (range 7.35-745), PaO, 96
mmHg (range 80-95 mmHg), PaCO, 31 mmHg (range
35-45 mmHg), and SatO, 98% (range 95-99%). Weaning
VV-ECMO attempt was performed on the sixth day under
circulatory support with good evolution, returning to the
protection parameters and re-evaluating in 24 h. One day
later, the patient showed an increase of urea, with hemodi-
alysis without loss being indicated. Three days later, there
was another attempt to weaning VV-ECMO, but the
patient presented hypercapnia and acidosis, and only after
24 h it was possible to start weaning by reducing the blood
flow and the gas to 2 L/min with FiO, 30% and mechanical
ventilation with a respiratory rate of 26 breaths/min and
FiO, 50%. The patient maintained PaO, > 60 and
PaCO, > 45 without acidosis. However, hypoxia detected
and hemodynamic instability led to the need to increase
the parameters of VV-ECMO. The patient was responding
unsatisfactorily to weaning VV-ECMO, and during this
period, there were five bleeding events, at the drain and
venipuncture sites.

Five days later, left anisocoria was noted, and a computed
tomography (CT) was performed with the patient heparin-
ized. There was no answer to nociceptive stimuli, mydriatic
pupils, corneal reflex absent bilaterally, Glasgow 3 and
Ramsay 6. They turned off sedation. In the CT scan, right
massive temporal-parietal bleeding associated with hemov-
entricle, Duret hemorrhage, diffuse brain swelling, and a great
deviation from the midline structures were noted (Fig. 2).
There was no indication of surgical treatment; therefore
ECMO veno-venous weaning and blood replacement were
made. The next day the protocol of brain death secondary to
severe intracerebral hemorrhage with tetraventricular flood
was started, with confirmation of brain death by cerebral
arteriography.
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FiGUure 2 CT scan showing cerebral hemorrhage

Questions

1. What is ECMO?

The extra corporeal membrane oxygenation system (ECMO) —
a set of cannulae, an artificial oxygenation membrane, and a
pump — is an extracorporeal circulation closed circuit. It pro-
vides pulmonary, heart, or cardiorespiratory support. When
used for cardiorespiratory assistance, it is in the occurrence of
heart failure, pulmonary failure, or both. Deoxygenated, car-
bon dioxide-rich blood is drained from the venous system
and pumped through an artificial oxygenation membrane, to
then return to the arterial system after oxygenation. It is a
continuous flow. The aim is to keep tissue perfusion with oxy-
genated blood while waiting for the recovery of an impaired
organ: the heart, lungs, or both.
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2. What are the criteria for ECMO installation statement?
Does patient in question had these criteria?

The mandatory criteria are:

Tracheal intubation and mechanical ventilation

Acute onset lung disease

Bilateral pulmonary infiltrate

PaO,/FiO, ratio < 200 with positive end-expiratory pres-
sure > 10 cmH20

e Reversible lung injury

And the complementary criteria are (at least one must
be met):

* PaO,/FiO, ratio < 50 with a FiO, = 1, for at least 1 h, with
or without the use of rescue therapies (alveolar recruit-
ment, inhaled NO, and prone position)

e Hypercapnia with pH remaining < 720 using an RR > 35
breaths/min (whenever possible), a tidal volume = 4-6 mL/Kg,
and a plateau pressure < 30 cmH20

e Murray lung injury score > 3, with worsening of the clinical
status

* PaO,/FO, ratio < 50 with a FiO, > 0.8 for at least 3 h,
despite the use of rescue therapies

It is important to remember that there are contraindica-
tions: mechanical ventilation for more than 7 days with
plateau pressures > 30 and FiO, > 90%, severe immunosup-
pression, and recent brain hemorrhage.

The patient had all mandatory criteria and one comple-
mentary criterion (PaO,/FiO, ratio < 50 with a FiO, > 0.8 for
at least 3 h, despite the use of rescue therapies).

3. What benefits ECMO brings to the patient?

The circulatory support made by VV-ECMO promotes
appropriate oxygenation of the blood, as the patient cannot
do this due to severe lung injury. Thus, membrane oxygen-
ation improves tissue perfusion, significantly reducing the
ventilatory parameters, which saves work for the lungs and
allowing their recovery.
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If the patient had a heart failure (e.g., due to congenital
diaphragmatic hernia, pulmonary hypertension refractory,
cardiomyopathy, or heart failure), instead of respiratory fail-
ure, ECMO-VA would be the best intervention option
because it provides cardiac support, promotes excellent oxy-
gen delivery, and allows rapid stabilization.

The benefits of ECMO in adult patients with cardiac fail-
ure or refractory acute respiratory distress syndrome (ARDS)
are still debated; ECMO was initially associated with poor
survival rates. However, recent technological advances in the
ECMO circuit have led to a reduction in the rate of technical
issues and complications. Moreover, improved understanding
of the benefits of ECMO has emerged from its widespread
use as a rescue therapy for ARDS and refractory hypoxemia
associated with HIN1/2009 infection (“swine flu”).

4. In which other situations was the use of mechanical
circulatory assist devices considered/indicated?

Circulatory assist devices can be used in patients with termi-
nal heart failure since the heart transplant is a limited option
for the insufficient number of donors to meet the demand of
patients with terminal heart failure. The devices can also be
used as a bridge to recovery, bridge to decision (when it is not
yet clear whether the patient is or is not eligible for trans-
plant), bridge to transplantation, or destination therapy.

5. What are the possible complications of implanted ECMO?

Hemorrhage and infection are the two main complications
related to ECMO. Most patients require continuous antico-
agulation, and more than 50% of them will suffer at least one
hemorrhagic complication. Hemorrhage can occur in any
organ, with intracranial bleeding being the most devastating.
Other complications such as multiple transfusions, thrombo-
embolism, limb ischemia, per-ECMO hemodialysis, and right
ventricular dysfunction are also common.

ECMO circuit failure or breakage may lead to catastrophic
failure, but this is unusual as long as all components are secure.
Bedside staffs are trained to check the circuit integrity regu-
larly to prevent problems and to react promptly in the case of
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acute failure. Cannula displacement or malposition is a major
issue as this affects blood flow and ECMO efficiency.
6. When should we start the mechanical assistance weaning?

It is not recommended that the patient remains supported by
more than 8-10 days. However, to start weaning it is neces-
sary to meet the following criteria:

pH-75

PaO, - 136 mmHg

PaCO, - 57 mmHg

PaO,/FiO, - 388

PEEP - 6 cmH20

FO, -35%

Respiratory rate — 15 breaths/min
Tidal volume/ideal weight — 5.8 mL/Kg
Plateau pressure — 22 cmH20

Peak inspiratory pressure — 26 cmH20
Static lung compliance — 20 mL/cmH20
Norepinephrine — 0,00 pg/kg.min
Mean arterial pressure — 90 mmHg
Heart rate — 80 bpm

Lactate — 0,9 mmol/L

Base excess — 17 mmol/L

C-reactive protein — 17 mg/L
Hemoglobin — 9 g/dL

Midazolam — 0,00 mg/kg.h

Fentanyl — 2 pg/kg.h

Atracurium - 0,00 mg/kg.h

Sequential Organ Failure Assessment Score — 7
e Murray score — 1,2

7. What are the types of ECMO?

There are three ways to set up an ECMO circuit: venoarterial
ECMO (VA-ECMO), veno-venous ECMO (VV-ECMO),
and arteriovenous ECMO (AV-ECMO). The VA-ECMO
allows gas exchange and hemodynamic support while blood
is pumped from the venous to the arterial side. VV-ECMO
facilitates gas exchange removing the blood from the venous
side and then pumping back into it, but without providing
hemodynamic support. AV-ECMO facilitates gas exchange
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by using the patient’s own arterial pressure to pump the
blood from the arterial to the venous side.
8. Why was it chosen VV-ECMO in this patient?

When the cardiac function is preserved, VV-ECMO is the
best option to improve gas exchange. The patient did not
need any hemodynamic support because his cardiac function
was preserved. The only dysfunction was a respiratory one; he
had a severe lung injury, which was caused by ARDS, making
a poor oxygenation. Therefore, VV-ECMO was the best
choice and assistance for this patient.

Review About the Addressed Disease
or Treatment

Asseen in the case, HIN1 infection can generate severe inflam-
mation in the body, thereby compromising the respiratory func-
tion of the patient. This inflammatory process generated by this
infection caused serious damage to the patient progressively,
reaching a point where refractory hypoxemia remained even
after several interventions, making ECMO an option.

In order to recover the organ, it is recommended to use
ECMO as therapy, since it maintains a good tissue perfusion
in a patient in whom this function is being prevented due to
some lung injury, which was the case. This process is per-
formed by oxygenating the venous blood through the artifi-
cial oxygenation membrane present in the system, and since
the patient in the case had preserved cardiac function,
VV-ECMO was the best choice.
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Clinical Presentation

A l-year-old male infant presented flu symptoms when he
was 30 days old, with evolving low cardiac output and cardio-
respiratory arrest. He was admitted for 15 days in another
hospital and, after discharge, referred to our outpatient facili-
ties, where he received prescriptions of carvedilol, furose-
mide, spironolactone, and captopril. In his last appointment,
when he was 7 months old, cardiac transplantation was indi-
cated, but he wasn’t listed. One month later, he was admitted
in another service for fever, loss of appetite, and vomiting,
associated with progressive respiratory discomfort, and had
another cardiorespiratory arrest for 5 min during a diaper
change. He started to need increased doses of vasoactive
drugs and was then transferred again to our service, where he
was diagnosed with dilated cardiomyopathy (Fig. 1), impor-
tant left ventricular dysfunction of unknown etiology, left
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ventricular ejection fraction of 24%, mild right ventricular
dysfunction, and septic/cardiogenic shock, and put on
mechanical ventilation.

He was stabilized with three cycles of levosimendan, intu-
bated, progressively discontinued from vasoactive drugs, and,
finally, listed for heart transplantation. A few days later, the
boy presented an acute lung edema followed by bradycardia
and decreased saturation. He had an important worsening of
hemodynamic parameters and was referred to our pediatric
cardiovascular surgery team.

Diagnosis, Assessment, and Treatment

The patient presented a difficult ventilation and important
desaturation, requiring manual ventilation and higher infu-
sion rates of vasoactive drugs. He was evaluated for surgery
and ECMO was indicated as an emergency procedure.
Cannulation through the right internal jugular vein was ini-
tially attempted unsuccessfully since the vein was apparently
obstructed; as the femoral vein was very thin to be cannu-

FIGURE 1 Initial chest radiograph showing cardiomegaly due to dila-
tation of the heart chambers
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lated, it was decided to cannulate the right atrium directly
through a small right anterior thoracotomy. Eight days after,
since he presented important pulmonary improvement,
VAD implant was indicated as a bridge to transplantation;
the infant then underwent a new surgery for implantation
of a 10 mL left ventricular assistance device (Berlin Heart
EXCOR® - Fig. 2), with apical cannulation, and was tem-
porarily removed from the transplant list. The procedure
was guided through transesophageal echocardiography.
Since he became hemodynamically stable, was extubated,
and both his hepatic and kidney functions were normal, he
was listed for transplantation again 10 days after the VAD
implantation.

The infant had a good evaluation in the months that fol-
lowed, with preserved hepatic and kidney functions and
weight gain of 2 kilograms. His right ventricular function
was also normal. He suffered an embolic cerebrovascular
accident but had complete recovery. After 11 months, he
finally underwent cardiac transplantation and is currently
stable.

FiGure 2 The implanted VAD Berlin Heart Excor and its cannulas
positioned into the left ventricle apex and into the aorta
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Questions

1. How is the clinical presentation of congestive heart failure
in children? Which were the signs and symptoms presented
in this patient that suggested the diagnosis?

Pediatric heart failure is a relatively uncommon condition
leading to little practical experience with its presentation and
management. The clinical manifestations might be dissimilar
to those of adults and quite variable. Eighty-seven percent of
cases of new-onset heart failure in children only reach a diag-
nosis when the patient is in a state of severe decompensation
[1]. In infants and young children, the main symptoms that
should draw the attention of the pediatrician or cardiologist
are tachypnea, feeding difficulty (reflux, vomiting, and feed-
ing refusal — that can lead to poor weight gain and failure in
linear growth), diaphoresis, and pallor. Less frequently these
can be present: cyanosis, palpitations, syncope, facial edema,
dependent edema, and ascites [1]. Specifically for dilated car-
diomyopathy, they are frequently encountered for the first
time as acute decompensated heart failure, manifesting most
commonly in the first year of life. Irritability, abdominal dis-
tress and feeding intolerance are typical symptoms, with sud-
den or aborted sudden death occurring less commonly. Signs
of hypoperfusion and respiratory distress frequently herald
an impending collapse [1]. Our patient started with an acute
decompensated heart failure, being held in the hospital for
15 days for stabilization. The symptoms started really early,
during the first year of life. He then presented loss of appetite,
vomiting, and progressive respiratory discomfort, followed by
a new decompensation. His clinical picture is compatible with
dilated cardiomyopathy.

2. What are the main causes of congestive heart failure

in children?

Heart failure in pediatric patients has many different etiolo-
gies. These include congenital heart disease, cardiomyopa-
thies, rhythm disorders, as well as acquired heart disease, due
to myocarditis, Kawasaki disease, or secondary to chemo-
therapies for oncological processes [2]. Regarding congenital
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heart disease, it is the predominant underlying etiology of
heart failure in children worldwide [2]. Cardiomyopathies are
another diverse category of possible etiology for heart fail-
ure. It is categorized as primary or acquired, with dilated or
hypertrophic cardiomyopathies as examples of primary etiol-
ogy and myocarditis, anthracycline exposure, and arrhythmia
for secondary. The prevalence of heart failure can range sig-
nificantly — 71% of children with dilated cardiomyopathy
compared with only 13% of those with hypertrophic cardio-
myopathy [2]. Dilated cardiomyopathy is the most common
one diagnosed in childhood and the leading indication for
pediatric heart transplantation [2]. In addition, certain sys-
temic processes such as inflammatory diseases, metabolic
disorders, endocrine derangements, and kidney disease result
in an unknown number of cases. On a global scale, parasitic
infection, nutritional deficit, and rheumatic heart disease are
the likely predominant causes of heart failure in childhood
[1].

3. How to classify the congestive heart failure severity in the
pediatric population? Which would be this patient
classification?

The Ross classification has been applied to younger children
to quantify changes in functional capacity in established
chronic heart failure [1]. The Ross classification is divided in
four classes, according to symptom severity. Class I means an
asymptomatic patient. Class II refers to mild tachypnea or
diaphoresis with feeding but no growth failure. Class III
refers to marked tachypnea or diaphoresis with feeding and
growth failure. Class IV refers to tachypnea, diaphoresis, or
respiratory distress at rest [1]. A more recent guideline for the
management of heart failure in children has categorized the
evolution and progression of the heart failure into four stages.
Stage A (at-risk stage) includes patients born with congenital
heart defects, a family history of cardiomyopathy, or expo-
sure to a cardiotoxic agent such as anthracyclines. Stage B
(preclinical stage) includes patients with abnormalities of
ventricular size, shape, and/or function with no past or pres-
ent symptoms of heart failure. An example of such patients
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would include those with cardiomyopathies with asymptom-
atic left ventricular dysfunction. Stage C (present or past his-
tory of heart failure) represents a progression of stage B
patients to overt symptoms of heart failure. Stage D (end
stage) includes patients with persistent symptoms at rest who
require continuous infusion of intravenous inotropic agents,
mechanical ventilatory support, and/or mechanical circula-
tory support [3]. Our patient would be classified in the Ross
scale as Class IV and as Stage D.

4. What is the INTERMACS score and how is it utilized?
Which would be our patient classification?

The Pediatric Interagency Registry for Mechanical Circulatory
Support (PediMACS) is a national registry for US Food and
Drug Administration (FDA)-approved VADs in patients
<19 years of age. Patients undergoing placement of durable
continuous flow (CF) VADs between September 2012 and
June 2015 were included, and outcomes were compared with
those of adults from the Interagency Registry for Mechanically
Assisted Circulatory Support (INTERMACS). The
INTERMACS score for advanced heart failure was proven to
be useful also for pediatric population to access the use of
MCS outcomes since 2010, and its particular levels are shown
in Table 1 [4].

Observing the hemodynamic parameters, our patient was
then classified as INTERMACS level 1.
5. What are the general indications for the use of mechanical
circulatory support (MCS) in children?

There is proven benefit for the use of MCS in INTERMACS
levels 1-4 [4]. The use of ventricular assist devices (VADs) in
children has increased dramatically over the past decade,
with multiple single-center and device-specific reports dem-
onstrating overall improvement in outcomes for children
bridged to transplant or recovery with a VAD [5]. Although
ECMO has become a standard of care in many pediatric car-
diac centers, its use is limited to short-term support in
INTERMACS level 1, as a rescue for other long-term device.

Since the mid-1990s in the United States, more than a half
of all children supported with ECMO as a bridge to heart
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TasLE 1 INTERMACS profiles of advanced heart failure
Profile Hemodynamic conditions

1 Critical cardiogenic shock: persistent hypotension
despite rapidly escalating vasoactive drugs, critical organ
hypoperfusion

2 Progressive decline: intravenous inotropic support,

maintaining acceptable pressure levels, progressive
nutritional depletion, worsening renal function, or fluid
retention

3 Stable but inotrope dependent: stable blood pressure
dependent on inotropic support, unable to wean due
to hypotension, renal dysfunction, or worsening of
symptoms

4 Resting symptoms: without use of inotropes but recurring
symptoms and fluid retention. Worsening is “recurrent”

5 Exertion intolerant: severe limitations to physical activity,
comfortable at rest, little fluid retention, and at times
some renal dysfunction. Living predominantly within the
home and neighborhood

6 Exertion limited: capable of some activity but fatigues
easily, intolerance to fluid overload
7 Advanced NYHA class I1I: clinically stable, reasonably

comfortable with activities despite previous history of
recent worsening

Adapted from Caneo et al. [4]

transplantation failed to survive to hospital discharge. The
majority of deaths occurred while they were on the waiting
list, but children who were successfully bridged to transplan-
tation also had high posttransplantation mortality. Patient
factors predicting non-survival were a cardiac diagnosis,
renal dysfunction, and duration of ECMO for more than
14 days. That’s why more effective modalities for chronic
circulatory support in children, such as VADs, are needed,
and the use of ECMO alone is not a good option as a bridge
to transplantation [6].
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6. What are the MCS available for the pediatric patients and
the indications of each one? Which one would be indicated
for our patient?

There are specific MCS to be used for short- and long-term
support. ECMO and centrifugal pumps are the most com-
monly used devices in the pediatric population to provide
support for acute cardiac failure patients, but not as good
options for bridging to transplantation. On the other hand,
the Berlin Heart EXCOR® pediatric ventricular assist
device (VAD) represents the most important tool for long-
term support to help pediatric patients of all age groups, from
newborns to teenagers, to survive until a donor heart can be
identified. The VAD system is designed for isolated left ven-
tricular or right ventricular support, but with two pumps con-
nected in series, it can also be modified to provide biventricular
support. This approach is, however, rather complex and
demanding in terms of pump regulation [7]. If all intensive
pharmacologic treatment fails, the patient should be sup-
ported with a VAD suitable for long-term implantation, since
heart transplantation is the primary goal and the waiting time
is unpredictable. Besides, acute viral myocarditis comprises
the group most likely to benefit from VAD use [7]. After all
of these reasons, the most indicated to our patient would be
the VAD, like the Berlin Heart EXCOR® (Table 2).

7. What and how is the surgical procedure done to install the
ECMO (extracorporeal membrane oxygenation) and VAD
(ventricular assist device — Berlin Heart EXCOR®)?

The standard ECMO procedure for cardiac support in pedi-
atric patients is venoarterial bypass, in which a cannula is
placed through the jugular vein toward the right atrium;
blood is drained to a reservoir and pumped by a centrifugal
pump through an oxygenator before being heated and
pumped back to the circulation through a cannula on the
right carotid artery [7]. The surgical access for the ECMO
cannula implantation in children is usually done by direct
cannulation of the jugular vein or the carotid artery. Another
option is direct cannulation of the right atrium and aorta
through a median sternotomy. In this case, due to his clinical
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TaBLE 2 Selecting a type of MCS

Device selection Centrifugal
criteria ECMO pump Pulsatile VAD
Membrane Yes No No
oxygenator
Thoracotomy No/ Yes Yes
necessary optional
Support time 1-2 weeks 1-3 weeks Several
months
Area of support Heart and Right or left Right, left, or
lung ventricle both ventricles
Anticoagulation Extensive Less than Less than
ECMO with all other
devices
Complications Moderate Few Few
Mobility to the No No Yes
child

Adapted from Hetzer and Stiller [8]

condition, we choose the peripheral cannulation using the
neck vessels. Unfortunately, the jugular vein was occluded,
and we made an unusual approach for the right atrium can-
nulation using an anterior thoracotomy.

The Berlin Heart® implantation is made using a cardio-
pulmonary support and normothermia. Implantation of VAD
cannulas begins with the insertion of the LVAD inflow can-
nula, which is placed in the left ventricular apex. This portion
of the procedure can be done with the heart beating or with
the heart arrested. The aortic cannula is placed in the aorta,
using a longitudinal aortotomy and anastomosed to the aor-
totomy with a continuous monofilament suture. After com-
pletion of the attachment of the cannula to the aorta, the
cross-clamp (or partial occlusion clamp) is removed, and the
ascending aorta is vented into the cannula. The next step is to
attach the cannulas to the blood pump and begin de-airing
the system. With completion of de-airing confirmed by
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transesophageal echocardiography, as well as meticulous
inspection of the VAD chamber and cannulas, LVAD pump-
ing is commenced. Full ventilation is initiated, and cardiopul-
monary bypassisslowly weaned,continuing echocardiographic
visualization to detect residual intracardiac air. Continuous
direct inspection of the transparent blood pump chamber is
also mandatory to be certain of the adequacy of de-airing [9].
8. Does the use of MCS pretransplantation change the
mortality rates and long-term survival of heart
transplantation?

The MCS is an important alternative as a bridge to heart
transplantations for children with critical heart failure, and
many reviews have indicated their big potential to change the
survival rates after the surgical procedure. The use of VAD as
a bridge to heart transplantation has shown excellent short-
term survival, with rates that are comparable with well-
matched children not bridged with mechanical support [10].
However, this is achieved at the expense of a higher rate of
stroke. Compared with VAD-bridged children, the long-term
use of ECMO leads to significant lower rates of survival at
30 days, 6 months, and 1 year after the transplantation proce-
dure and also to higher rates of post-heart transplantation
renal failure [10]. The other postoperative complications are
comparable between VAD, ECMO, and not-bridged with
mechanical support children. Children bridged with ECMO
use to have higher risk characteristics, including younger age,
lower weight, more congenital heart disease, higher serum
creatinine and bilirubin, a higher proportion of mechanical
ventilation, and longer average ischemic time [10]. That’s why
ECMO is also considered a risk factor for the death of chil-
dren on the waiting list for transplantation.

9. What are the challenges regarding the increase

of MCS use?

The use of MCS in children demands some efforts to over-
come obstacles such as the compatibility between children
size and device capacity, associated pulmonary dysfunctions,
ventricular interdependence, and low potential of utilization
due to a low economical interest. Regarding these difficulties,
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it would be necessary financing for the development of new
technologies for the devices, aiming to achieve the maximum
compatibility with the pediatric patient, and investment in
education and training for specialized services to improve
their team technical capacity and motivation, the postopera-
tive cares and the quality control.

Review About the Addressed Disease
or Treatment

Mechanical circulatory support (MCS) devices are a consoli-
date option for patients who are on the list for a transplant or
dramatically unstable and an important tool for children who
underwent cardiogenic shock, especially in the context of
scarcity of donors and in which there has been an important
increase in hospitalizations for pediatric heart failure. Lately,
new types of MCS devices are being and have been devel-
oped; for many decades, ECMO (extracorporeal membrane
oxygenation) was the major option for pediatric patients as a
bridge to transplant, until studies verified that it could be an
important factor for decreasing survival on these patients
when used in long term. Duration of ECMO longer than
14 days — along with cardiac diagnosis and renal dysfunction —
has been listed as a predicting factor of non-survival [6].
Centrifugal pumps had slightly superior results compared
with ECMO, being considered an adequate support for
4-8 weeks, but they’re also associated with greater postopera-
tive mortality [4].

As along-term support tool and considered as a successful
bridge to transplantation, pediatric VADs like the Berlin
Heart EXCOR® can reliably support the circulation at any
age, helping pediatric patients to survive until an adequate
donor heart is available with good results [11]. However, use
of VAD has been associated with a very increased incidence
of stroke as a postoperative complication, which may be
linked to thromboembolic events favored by the pump use or
to anticoagulation-induced hemorrhages [10]. Nevertheless,
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there is a trending increase in the use of VAD as a bridge to
transplant and in the use of ECMO as a bridge to VAD. The
transition from ECMO to VAD is usually made in a window
that ranges from 5 to 10 days, before ECMO-induced mor-
bidities accumulate, so that VAD may be implanted electively
[10]. An earlier transition may be demanded by some factors,
such as cardiomyopathy leading to heart failure, asystole,
worsening coagulopathy, and difficult ECMO run [10].

The challenges for the pediatric use of MCS remain a rel-
evant issue, mainly to developing countries such as Brazil,
where the investment in education and training required to
manage these technologies is the key to achieve similar
results as the centers of excellence abroad [5].
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Use of Venoarterial
Extracorporeal Membrane
Oxygenation (VA-ECMO)
in an Adult Patient

with Septic and Cardiogenic
Shock

Henrique Louzan Machado,
Leonardo Jadyr Silva Rodrigues Alves,
and Helmgton José Brito de Souza

Clinical Presentation

A.C.FF, female, 40 years old, on her 20th week of pregnancy
with twins by in vitro fertilization, presented to the maternity
ward with mild pelvic pain and vaginal bleeding. During the
obstetric evaluation, protrusion of the amniotic sac of one of
the fetuses was found, and the patient was admitted. During
the second day of hospitalization, failure of the inhibition of
preterm labor occurred, resulting in the rupture of the amni-
otic sac and septic abortion on the day after. The patient
developed hypotension that required treatment with vasoac-
tive amines. She was diagnosed with a uterine infection and
then transferred to a tertiary hospital to undergo an emer-
gency hysterectomy. During the procedure, the patient pre-
sented two episodes of cardiorespiratory arrest and was
rapidly revived. The patient was referred, during postopera-
tive period, to an intensive care unit with septic shock, with
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use of high doses of amines, presenting anuria and significant
mixed acidosis. An echocardiogram was obtained, which
revealed severe left ventricular dysfunction, with an ejection
fraction of 18%. The circulatory assistance team was called in
for case evaluation.

Diagnosis, Assessment, and Treatment

Patient is in her 20th week of pregnancy and admitted in a
maternity with mild pelvic pain and vaginal bleeding.
Ultrasonography evaluation demonstrated the protrusion of
the amniotic sac of one of the fetuses. Polyhydramnios of
both amniotic sacs was seen. At that time, the patient was in
good general condition, eupneic, hydrated, acyanotic, anic-
teric, afebrile, and conscious and demonstrated natural skin
tone and good mental status. Absolute rest was indicated, and
indomethacin, utrogestan, and nifedipine were prescribed.
On the second day of hospitalization, a failed attempt to
inhibit preterm labor was performed, resulting in the rupture
of the amniotic sac of one of the fetuses. Expectant manage-
ment was maintained. After approximately 24 h, it was fol-
lowed by tachycardia, tachypnea, hypotension, and
leukocytosis, and she was diagnosed with septic abortion and
uterine infection. She was then transferred to a tertiary hos-
pital where an emergency hysterectomy was performed, due
to severe septic endometritis. Vancomycin and meropenem
were administered. During the procedure, the patient had
two episodes of cardiorespiratory arrest, both rapidly
reversed. After the completion of surgery, the patient was
transferred to an intensive care unit with mechanical ventila-
tion (MV; FiO, 100% and 14 cmH20), tachycardia (HR:
159 bpm), and shock (MAP 60 mmHg). A transthoracic
echocardiography (TTE) revealed severe left ventricular dys-
function, with an estimated ejection fraction of 18%, requir-
ing supramaximal doses of vasoactive drugs (noradrenaline
3.5 pg/kg/h, adrenaline, and vasopressin 0.05 U/min). The
patient was anuric; thus, hemodialysis (HD) was indicated.
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She also demonstrated hepatic insufficiency and dissemi-
nated intravascular coagulation (platelets 22,000/uL). Arterial
blood gas analysis revealed mixed acidosis, with pH of 6,8,
pO, 52 mmHg, pCO, 80 mmHg, HCO, 279 mmol/L, and lac-
tate 135 mg/dL.

Considering the patient’s clinical history and evolution, a
circulatory assistance device installation was indicated. In
order to prevent imminent death and reverse the clinical con-
dition with potential recovery of vital organs, ECMO in the
venoarterial mode was installed as shown in Fig. 1.

Cannulation was performed through the right femoral
artery (17F cannula) and the right femoral vein (23F can-
nula). After initiating the circulatory assistance, it was possi-
ble to reduce the VA drug infusion (adrenaline substituted by
dobutamine 5 pg/kg/h, noradrenaline 0.7 pg/kg/h, and vaso-
pressin 0.02 U/min). Platelet transfusion (10 IU) and 450 mL
of red cell concentrate were required. The ECMO flow was
initiated at 4300 mL/min.

Ficure 1 Chest X-ray after ECMO implant
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During the initial hours of circulatory assistance, there was
deterioration, with evidence of distal ischemia in the right
lower limb (RLL) confirmed by bedside arterial Doppler
examination. We opted to perform the reinstallation of the
device in the contralateral LL. During the procedure, a sig-
nificant volume of blood was lost — approximately 1000 mL —
and transfusion was required.

On the second day of ECMO, hemodialysis was initiated
(Prismaflex). The patient presented signs of thrombosis in her
left lower limb (LLL); as a result, a catheter (8F) was installed
for distal perfusion of the LLL. On physical examination,
patient had decreased peripheral perfusion with bilateral
absence of peripheral pulses, petechiae on the upper limb and
LL, anasarca, distended abdomen with abolished hydroaerial
sounds, and hypophonic heart sounds with no heart murmur
and was acyanotic, pale, and afebrile. There was a hemody-
namic improvement, with a reduction in the vasoactive amine
infusion (noradrenaline, 0.3 pg/kg/min; vasopressin, 0.01 U/
min; dobutamine, 10 pg/kg/min). Improvement in the blood gas
parameters was also seen. On neurological evaluation, miotic
and isochoric pupils and a Richmond Agitation-Sedation Scale
score of 5 following sedation with midazolam and fentanyl
were found. A transesophageal echocardiography (TEE) was
performed, demonstrating severe left ventricular (LV) systolic
dysfunction at the expense of diffuse hypocontractility, with an
LV ejection fraction (LVEF) of 26%. A discrete improvement
in the patterns of contractility in basal and mid segments of the
back wall was verified when compared with the previous day’s
echocardiography. Laboratory exams evidenced an increase in
transaminases, hypocalcemia at 0.9 mmol/L, creatinine at
2.4 mg/dL, thrombocytopenia at 39,000/pL, leukocytosis at
16,800/uL, indirect bilirubin at 1.01 mg/D], and direct bilirubin
at 3.78 mg/dL. Arterial blood gas analysis revealed pH, 742;
pO,, 153 mmHg; pCO,, 30 mmHg; HCO,, 19.5 mmol/L, BE, 1;
and lactate, 113 mg/dL.

On the third day of ECMO, the patient was evaluated
using arterial Doppler, which identified a decrease of flow in
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the LL and right UL (RUL) and flow absence in the left UL
(LUL). TEE identified an improvement of cardiac function
with LVEF at 33%. In the ECMO circuit, fibrin and clots
were present in the pre-membrane phase, but without inter-
currence during the period.

On the fifth day of ECMO, laboratory exams evidenced
hypomagnesemia and a decrease in C-reactive protein, CPK,
and transaminases. On TEE, an LVEF of 42% and discrete
pericardial effusion were seen. Heparin was at 16 U/kg/h,
then decreased to 14 U/kg/h, and subsequently discontinued.
The ECMO weaning process was then initiated with heparin
discontinuation, flow reduction to 3.51 L/min, and frequency
reduction to 3461 RPM.

On the sixth day of circulatory assistance, a TEE was per-
formed, and an improvement in the cardiac function was
identified, with LVEF at 70%. In the ECMO inspection, clots
in the venous phase and fibrils in the arterial phase were
identified. Arterial blood gas analysis exhibited a mixed aci-
dosis with pH at 75, pO, at 83 mmHg, pCO, at 34 mmHg,
HCO, at 25.7 mmol/L, and lactate at 54 mg/dL — as shown in
Chart 1.

Considering the improvement in cardiac function, ECMO
explantation was indicated. Noradrenaline was initially dis-
continued (MAP at 104 mmHg), but due to a decrease in
blood pressure (MAP at 59 mmHg), it was resumed at a dose
of 0.089 pg/kg/h. After the procedure, the patient developed
atrial fibrillation with HR at 160 BPM; a loading dose of
amiodarone (Atlansil) was administered and dobutamine
reduced to 6 pg/kg/h.

Four days after ECMO withdrawal, bilateral amputation
of the infrapatellar region of the lower limbs, left upper fore-
arm (as shown in Fig. 2), and right upper limb digital pulps
was performed.

One week after explantation of the circulatory assistance
device, the patient evolve with a new sepsis episode resulting
in death. The evolution of blood gas and hemodynamic
parameters are shown at the Table 1.
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FIGURE 2 Left upper limb after the septic cyanosis
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Questions

1. What are the indications for weaning and explantation of
the circulatory assistance device?

While monitoring ventricular function, signs of improve-
ments in hemodynamics and ventricular performance and the
presence of the pulse pressure must be observed.

For explant evaluation, the use of echocardiography and
pulmonary artery catheter is recommended, and the follow-
ing recovering indicators should be observed, with the flow of
ECMO between 1,5 and 1,0 L/m: improvement of left ven-
tricular function with an ejection fraction between 40% and
45%, appropriate hemodynamic standards, reduction of car-
diac cavities, and a good opening of the aortic valve [7].

2. What are the thromboembolic complications in circulatory
assistance?

The benefits of ECMO need to be weighed against its inher-
ent risks. Embolic events are caused mainly by the inability to
modulate coagulation-related parameters as required by
mechanical circulatory assistance devices (MCADs).
Thromboembolic complications are more frequent during
low flow and have difficult-to-measure incidence since the
majority of events manifest in a hidden or subclinical form
[4]. In a period shorter than 31 days, the major thromboem-
bolic complications are clots formed in the circulatory assist
device, especially in the oxygenator (11.5% of cases), bladder
(5.7%), and hemofilter (4.2%). Disseminated intravascular
coagulation (DIC) is also among the thromboembolic com-
plications, with an incidence of 3.9% in the same period [9].
In general, anticoagulant MCAD therapy of short to medium
durations is performed through intravenous heparinization,
12-24 h after implantation. Titration of the therapy must be
performed until reaching a partial thromboplastin time (PTT)
of 50-60 s per 24 h. After 24 h, the heparin dose must be
increased and titrated until PTT reaches 60-80 s. Three to five
days after implantation of ECMO, if there is no evidence of
bleeding, the use of warfarin is recommended, maintaining the
INR (international normalized ratio) between 2 and 3 [7].
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3. What are the indications for circulatory assistance in
patients with cardiogenic shock secondary to sepsis?

The indications for the installation of devices dedicated to
circulatory assistance should depend on hemodynamic crite-
ria for determining cardiac failure and the patient’s clinical
factors (age, clinical status, and prognostic factors: severe
hepatic and/or renal dysfunction, coagulopathy, thrombocy-
topenia, pneumopathy, pulmonary hypertension, unstable
arrhythmia, cerebrovascular disease, bacterial endocarditis,
active infection, and incomplete surgical correction).

In the specific case of myocardial depression in sepsis, the
mechanical circulatory support indication criteria are the
same as those listed in the treatment of refractory cardiogenic
shock, the extracorporeal membrane oxygenation (ECMO),
as well as the Berlin Heart EXCOR® and CentriMag®, para-
corporeal devices are disclosed. Recommendations for
ECMO implantation are bridge to recovery (class I, level of
evidence C) and bridge to transplant (class Ila, level of evi-
dence C). In the case of paracorporeal circulatory pumps,
recommendations are the same, except for class I1a for recov-
ery bridge.

It should be noted that studies show that the success in the
treatment of myocardial dysfunction in sepsis with circula-
tory support has proven effective only in those cases where
there was no prior myocardial dysfunction to the infectious
event.

4. What is the association between septic and cardiogenic
shocks?

Septic shock can be defined as the presence of systemic
inflammatory response syndrome (SIRS) with a known site
of infection, combined with tissue hypoperfusion and persis-
tent hypotension. Its connection with the impairment of car-
diac function is related to an increase in the production of
procoagulant substances and a decrease in anticoagulant
factors, which may result in ischemia due to thrombus and
valvular and vascular impairment. Furthermore, during sepsis,
a large amount of nitric oxide is released, which is responsible
for myocardial depression and cardiac injury due to the for-
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mation of peroxynitrite, a potential oxidant agent. Both con-
tribute to cardiac dysfunction and failure.

5. What are the indications and the pharmacological
treatment for inhibiting preterm labor?

The inhibition of preterm labor is indicated if there is cervical
dilatation < 3 cm and if the gestational age is between 22 and
34 weeks. This procedure is contraindicated in cases of fetal
death, severe fetal malformations, and diseases related to
placental insufficiency.

For pharmacological inhibition, the use of oxytocin inhibi-
tors, prostaglandin inhibitors, and calcium channel blockers is
indicated, with the common objective of interrupting uterine
contractions. Simultaneously, use of corticosteroids to reduce
pulmonary complications in the newborn and prophylaxis
against the vertical transmission of group B streptococcus
should be administered.

6. What is the treatment for septic shock?

Initially, early therapy should be goal-driven with the main
aim of correcting hemodynamic failures, including hypovole-
mia, myocardial depression, and increased endothelial per-
meability. The therapy should be aimed to obtain a central
venous pressure (CVP) between 8 and 12 mmHg, mean arte-
rial pressure (MAP) > 65 mmHg, and central venous oxygen
saturation (ScvO,) > 70%. Thus, the initial treatment should
adjust preload, afterload, and cardiac contractility.
Subsequently, the therapy should be based in administrate
broad-spectrum intravenous antimicrobials for all likely
pathogens, until the identification of the causative agent,
when a more specific antibiotic should be chosen [3].

7. What is the pathophysiology of septic shock?

Septic shock may be triggered by a variety of injuries, particu-
larly microbial infections, burns, trauma, and or pancreatitis.
The common pathophysiology feature is a large production
of inflammatory mediators from innate and adaptive immune
cells that produce arterial vasodilation, vascular leakage, and
venous blood pooling. These cardiovascular abnormalities
result in tissue hypoperfusion, cellular hypoxia, and meta-
bolic derangements that lead to organ dysfunction and, if
severe and persistent, organ failure and death.
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As the microbial infection begins, cells of the immune sys-
tem, such as macrophages, neutrophils, dendritic cells, and
endothelial cells, and complement system recognize several
substances derived from microorganisms (PAMPs or pathogen-
associated molecular patterns) and are activated. Once trig-
gered, these cells initiate inflammatory responses that interact
in an incompletely understood mechanism to produce septic
shock and multiorgan dysfunction. The factors that have major
roles in the pathogenesis of septic shock include inflammatory
and counter-inflammatory responses, endothelial activation and
injury, and induction of a procoagulant state.

The most likely initiator of inflammation in sepsis is signal-
ing pathways that lie downstream of Toll-like receptors, which
will recognize the PAMPs. Upon activation, innate immune
cells produce tumor necrosis factor, interferon-y, and interleu-
kin-1, interleukin-12, and interleukin-18. Reactive oxygen spe-
cies and lipid mediators such as prostaglandins and
platelet-activating factor (PAF) are also elaborated. These
substances induce endothelial cells to produce more adhesion
molecule expression and further stimulate cytokine and chemo-
kine production. The complement system is also activated by
microbial components, resulting in the production of anaphyla-
toxins (C3a, C5a), chemotactic fragments (C5a), and opsonins
(C3Db), all of which contribute to the pro-inflammatory state.

The hyperinflammatory state initiated by sepsis also acti-
vates counter-regulatory immunosuppressive mechanisms. As
a result, septic patients may oscillate between hyperinflam-
matory and immunosuppressed states during their clinical
course. Proposed mechanisms for the immune suppression
include a shift from pro-inflammatory to anti-inflammatory
cytokines, production of anti-inflammatory mediators (such
as soluble TNF receptor, IL-1 receptor antagonist, and IL-10)
lymphocyte apoptosis, the immunosuppressive effects of
apoptotic cells, and the induction of cellular energy.

Furthermore, microbial components can activate coagula-
tion directly through factor XII and indirectly through
altered endothelial function. The pro-inflammatory state
leads loosen endothelial cell tight junctions, making vessels
leaky and resulting in the accumulation of protein-rich
edema throughout the body, which have deleterious effects
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on both nutrient delivery and waste removal, leading to tissue
hypoperfusion. This condition also stimulates the production
of nitric oxide and other vasoactive inflammatory mediators
(e.g., C3a, C5a, and platelet-activating factor), which may
contribute to vascular smooth muscle relaxation and systemic
hypotension.

Pro-inflammatory cytokines increase tissue factor produc-
tion by monocytes and endothelial cells and decrease the
production of endothelial anticoagulant factors. The vascular
leak and tissue edema decrease blood flow at the level of
small vessels, producing stasis and diminishing the washout of
activated coagulation factors. Acting in concert, these effects
lead to systemic activation of thrombin and the deposition of
fibrin-rich thrombi in small vessels, often throughout the
body, further compromising tissue perfusion and leading to
disseminated intravascular coagulation (DIC). In patients
with DIC, the consumption of coagulation factors and plate-
lets is so great that deficiencies of these factors appear, lead-
ing to bleeding and hemorrhage [10].

8. How to diagnose a septic shock?

By definition, septic shock refers to sepsis associated with
circulatory and cellular/metabolic abnormalities capable of
substantially increase mortality. In a clinical view, it is seen as
sepsis related to the need for vasoactive drugs to raise mean
arterial pressure above 65 mmHg and lactate > 18 mg/dL or
2 mmol/L after adequate volemic resuscitation.

Sepsis, in turn, is initially suspected through the use of
gSOFA (quick sequential organ failure assessment score)
during clinical screening, which has systolic BP less than
100 mmHg, respiratory rate > 22/min, and mental state
(Glasgow coma scale <15) as assessment criteria. In order
to confirm the diagnostic hypothesis, SOFA (sequential
organ failure assessment) score is used, stating the pres-
ence of sepsis if there is suspicion or certainty of infection
and an acute increase of 2 points or more in the SOFA [2].
See Table 2.
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Review About the Addressed Disease
or Treatment

The extracorporeal membrane oxygenation (ECMO) is a
temporary invasive mechanical support therapy designed to
promote a cardiopulmonary support for patients with cardio-
genic shock refractory and/or acute breathing failure, unre-
sponsive to oxygenation and recruitment maneuvers. This
therapy is used in patients with potential functional recovery
(class I, evidence level C), as a bridge to decision (class I,
evidence level C), as a bridge to transplant (class Ila, evi-
dence level C), or as a bridge for long-term mechanical circu-
latory assistance device — artificial heart for target therapy
(class I, evidence level C).

There are two possible modalities for the use of this ther-
apy: venoarterial (VA) and veno-venous (VV). The implant
might be done in the central vessel (by thoracotomy) or
peripheral, with cannulation by puncture or surgical dissec-
tion. In the VA-ECMO, the venous blood is drained by can-
nulation of a large caliber vein (jugular, femoral or directly
from the right atrium) and conducted by a centrifugal pump
through an oxygenation membrane, being returned, oxygen-
ated, by a cannula inserted into the artery of large caliber,
which may be an aortic artery, when access to the thoracot-
omy, or the peripheral, most commonly by one of the femoral
arteries. In the VV-ECMO mode, both drainage and reinfu-
sion are made exclusively from the venous system (femoral-
femoral or femoral-jugular).

Due to complications related to the use of ECMO, such as
hemolysis, thrombosis, bleeding, vascular accidents, infection,
resistance of the oxygenation membrane, and impossibility of
decompression of cardiac chambers, there is a limitation of its
use time: a recommended 30-day maintenance. In cases of
heart failure, uni- or biventricular, the persistence of the
dysfunction may lead to replacement of the circulatory sup-
port device by prolonged use equipment.
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Circulatory Assistance
in a Patient with Respiratory
Failure
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Clinical Presentation

The patient was admitted to the emergency room with respi-
ratory failure after a suicide attempt with a blunt weapon. He
was placed on mechanical ventilation and being diagnosed,
after emergency intubation, with a bilateral pneumothorax.
Following a bilateral thoracic drainage, he was transferred to
the intensive care unit, developing after 3 days a respiratory
infection and acute respiratory distress syndrome (ARDS),
failing to respond after prone positioning and alveolar
recruitment. Considering the worsening infection and multi-
ple organ failure and in order to prevent imminent death, he
was placed on veno-venous extracorporeal membrane oxy-
genation (VV-ECMO).
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Diagnosis, Assessment, and Treatment

R.M.A., a previously healthy 33-year-old male drug user was
admitted with respiratory failure following a suicide attempt.
After emergency intubation, he was diagnosed with a bilat-
eral pneumothorax (computerized tomography) and had a
bilateral drainage. He developed a respiratory infection after
3 days (leukocytosis at 23,700/pL, rods at 6%). Piperacillin
and tazobactam (Tazocin) were administered, and teico-
planin was also adopted afterward.

The arterial blood gas analysis revealed no improvement
on the following days (pH 72; pO,, 93 mmHg; pCO,,
105 mmHg; SatO,, 92%), despite mechanical ventilation at
high parameters (FiO, 100%, PEEP: 15; PaO_/FiO,: 0,93). The
chest X-ray revealed opacification of the right hemithorax
(Fig. 1). Alveolar recruitment maneuvers were realized but
showed no clinical, blood gas, or X-ray improvements.
Computerized tomography was realized again, in the fourth
day after admission, revealing atelectasis of the right lower
lobe and inflammatory/infectious process. The patient was
placed on prone positioning but showed no improvement. On
the fifth day, chest X-ray still revealed opacity on the right
hemithorax, and bronchoscopic examination showed purulent

FIGURE 1 Chest X-ray before ECMO installation
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secretion. The patient went on to develop hemodynamic
instability, requiring administration of vasoactive drugs (nor-
adrenaline 0.2 pg/kg/h). Prone positioning was attempted
once again during 18 h, with no significant improvement and
with persistent hypoxemia and hypercapnia (pH, 716; pO,,
75 mmHg; PCO,, 106 mmHg; HCO,, 29 mmol/L; SatO,, 90%;
and lactate, 37 mg/dL). At this point, the Murray score, which
evaluates the need for extracorporeal life support, was calcu-
lated at 3.25. Considering the high score, the patient’s wors-
ening respiratory condition, unresponsiveness to alveolar
recruitment, and the increasing risk of death, extracorporeal
membrane oxygenation (ECMO) in the veno-venous mode
was indicated [1].

Installation was performed in the ICU. A 25 Fr (MAQUET)
venous cannula was inserted with Seldinger technique punc-
ture of the right femoral vein, and a 19 Fr (MAQUET) arte-
rial cannula was inserted into the right jugular vein, with the
same technique. The patient was then transferred to
HOBRA-DF (Hospital Brasilia, Distrito Federal, Brazil),
where a trained multidisciplinary team was prepared to per-
form maintenance of the ECMO machine. On the first hours
after admission, the first blood gas exam on circulatory assis-
tance exhibited considerable improvement, with pH, 729;
PCO,,72 mmHg; PO,, 171 mmHg; HCO,, 30.2 mmol/L; SatO,,
99%; and lactate, 11 mg/dL. Sedation was changed to mid-
azolam and fentanyl and initiated protective ventilation strat-
egy with FiO,:100% and PEEP: 15. Hemodialysis was started
in order to reduce the hydric balance and in an attempt of
renal function recovery. Antibiotic therapy was changed to
meropenem, vancomycin, and polymyxin B. Twelve hours
after circulatory assistance with ECMO, the blood gas exhib-
ited important decreasing acidosis (pH, 746; HCO,,
272 mmol/L). Continuous heparin infusion was initiated,
controlled by aPTT, as recommended by the service
protocol.

Chest CT was realized on the second day of ECMO
revealing hepatization of right lower lobe (Fig. 2). A chest
X-ray was also performed in this day (Fig. 3). Hemodynamic
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Ficure 2 Thorax CT (second day of ECMO)

stability allowed weaning and suspension of noradrenaline.
From the fourth day of circulatory assistance, yet without
vasoactive drugs, he showed recovery signs of respiratory
functions, with pCO,, 35 mmHg; pO,, 71 mmHg; and HCO,,
25 mmol/L. Ventilation parameters, therefore, were reduced
to FiO,: 30% and PEEP: 10. On the seventh day of assistance,
lung conditions were still improving, and a tracheostomy (n°
8 cannula) was performed, in order to facilitate ventilation
weaning after ECMO explant. Following confirmation of
respiratory function recovery (blood gas analysis with pH at
739; PO,, 97 mmHg; PCO,, 44 mmHg; SatO,, 97%; and PO,/
FiO,, 323), explant of the ECMO was performed in the ICU
on the eighth day after its installation. He still remained on
dialysis for 3 days until full renal recovery, and first blood gas
after ECMO removal revealed further improvement of respi-
ratory function, with pH, 739; pO,, 144 mmHg; pCO,,
42 mmHg; SatO,, 99%; and HCO,, 25.3 mmol/L. He was
removed from the mechanical ventilator 8 days after the
ECMO was explanted (post-ECMO arterial blood gas may
be seen in Table 1). He was discharged from the ICU to a
general ward 23 days after admission in the emergency room
and discharged for rehabilitation after 60 days from his
admission and 33 days after the ECMO explant. He left the
hospital with a recommendation to keep on psychiatric care.
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Questions

1. What are the principles of extracorporeal circulation?

Circulation and ventilation with mechanical support, extracor-
poreal circulation, or cardiopulmonary bypass have been used
in cardiac surgeries since 1953, when it was first adopted by
Gibbon, facilitating cardiac surgical processes [2]. This tech-
nique temporarily replaces cardiac and pulmonary functions
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during surgery by means of mechanical devices, maintaining
the circulation of blood and oxygen throughout the body. A
pump and an oxygenator, its two functional units, work so that
the poorly oxygenated blood is removed from the patient’s
body, oxygenated and returned via cannulae. This way, blood
cells are able to maintain cellular respiration outside the body
during surgery [3]. Currently, there are few risks associated
with the use of this feature, as long as it is used properly [2].
2. How does ECMO differ from traditional cardiopulmonary
bypass?

Extracorporeal life support, also known as ECMO (extracor-
poreal membrane oxygenation), is a variation of cardiopulmo-
nary bypass. Whereas cardiopulmonary bypass facilitates open
surgery for a few hours, ECMO allows the patients with respi-
ratory or cardiac failure to be on circulatory assistance outside
the operating room under observation. Acknowledging the
differences, the ECMO circuit is similar to the cardiopulmo-
nary bypass, although cannulation is often not the same. Veno-
venous cannulation is used to replace respiratory functions
only so that a double lumen cannula is placed into a major vein
(usually the vena cava) and the deoxygenated blood flow into
the pump-oxygenator setup and oxygenated blood is returned
to the right atrium. Venous-arterial cannulation bypasses both
the heart and lungs with insertion in a major artery (usually the
femoral) and one of the major veins, often used in cardiac fail-
ure conditions, with or without respiratory failure [4].

3. What is the Murray score? How is it used in the indication
of ECMO?

The Murray scoring system evaluates the presence and extent
of pulmonary damage and includes four criteria which are
related to ARDS development:

Hypoxemia
PEEP

Lung compliance
Chest radiograph

Each criterion receives a score from 0 to 4 according to the
severity of the condition. The final score is obtained by
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dividing the collective score by the number of components
that were used. A score of zero indicates no lung injury, a score
of 1-2.5 indicates mild to moderate lung injury, and a final
score of more than 2.5 indicates the presence of ARDS [5].
4. In what circumstances is veno-venous circulatory
assistance indicated?

According to ELSO [6] (Extracorporeal Life Support
Organization) General Guidelines:

(a) In hypoxic respiratory failure due to any cause (primary or
secondary), ECLS should be considered when the risk of
mortality is 50% or greater and is indicated when the risk
of mortality is 80% or greater. (a) Fifty percent mortality
risk is associated with a PaO,/FiO, < 150 on FiO, > 90%
and/or Murray score 2-3. (b). Eighty percent mortality risk
is associated with a PaO /FiO, <100 on FiO, > 90% and/or
Murray score 3—4 despite optimal care for 6 h or more.

(b) CO, retention on mechanical ventilation despite high
Pplat (>30 cmH20)

(c) Severe air leak syndromes

(d) Need for intubation in a patient on lung transplant list

(e) Immediate cardiac or respiratory collapse (PE, blocked
airway, unresponsive to optimal care)

5. What are patient-related management issues during

veno-venous ECMO?

According to ELSO [6] General Guidelines:

e Medication and infusions should be used to control
hemodynamics.

e Ventilation should be preferably on low settings, so that
the lungs can rest (also valid to venoarterial assistance),
with a low rate and long inspiratory time, low FiO,, and
PEEP at any level. Lung recruitment maneuvers should
not be attempted if the patient has respiratory failure dur-
ing acute inflammatory stage.

e Sedation is always recommended during cannulation and
management in the first 12 to 24 h. The main reason for
sedation in veno-venous ECMO is to tolerate endotra-
cheal intubation.
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e Management should aim for a normal hematocrit, body
weight (regulated fluid balance), and blood volume.

e Diuresis should happen spontaneously or by medication
until the patient is close to dry weight and has no edema.
Renal failure may occur and should be treated with con-
tinuous hemofiltration.

e Cannula sites should be constantly cleaned with antiseptic
solution to prevent infections.

e Patient positioning should be mobile and as normal as
possible.

6. How should the weaning for the veno-venous ECMO be

realized?

According to the Extracorporeal Life Support Organization,
when management is carried out using the lowest flow to
provide adequate support at low ventilator settings and pres-
sor doses, the weaning should be automatic, and the organ
function improves as the assistance is decreased [6].

7. What is the pathophysiology of acute distress respiratory
syndrome?

ARDS is a disease in which the lungs suffer from severe
inflammation with hypoxemia and respiratory failure. This
interferes with lung compliance and results in bilateral and
diffuse damage. It may be infective or noninfective. In its ini-
tial phase, there is alveolar flooding, causing a noncardiogenic
edema. Increased capillary permeability is the strongest evi-
dence of ARDS. Damage to the capillary endothelium and
alveolar epithelium, together with the removal of fluid from
the alveolar space, causes an accumulation of protein fluid
within the alveolus, thus triggering alveolar damage.
Neutrophils are attracted to the lungs due to the release of
proinflammatory cytokines (TNF, IL-1, IL-6) and release
mediators as reactive oxygen species and proteases. The
release of these free radicals has an endogenous antioxidant
effect causing damage to alveolar cells. The lesion of the
alveolar epithelium can be classified into two different types.
Type 1 leads to pulmonary edema and consequent rupture of
the epithelial barrier exposing the basement membrane, facili-
tating a bacterial infection or sepsis. Type 2 leads to decreased
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surfactant synthesis and metabolism resulting in increased
alveolar surface tension leading to collapse of the structure.
Pulmonary hypertension is also widely recognized as a feature
in ARDS. The etiology of this disease includes destruction of
the parenchyma and collapse of the airways, pulmonary
hypoxemia due to vasoconstriction, and presence of other
pulmonary vasoconstrictors and vascular compression [7].

8. What is the main treatment for this condition?

Treatment usually involves mechanical ventilation in an
intensive unit care, while also supporting other associated
comorbidities (infections, stress ulcer, thrombosis). Ventilation
therapy includes positive pressure to ensure adequate oxy-
genation, although the optimal levels of positive end-
expiratory pressure are controversial. Other than ventilation,
techniques used in severely ill patients are ECMO, which has
been adopted in many specialized centers as a rescue therapy
for refractory hypoxemia, and prone positioning, which can
improve oxygenation. ECMO helps oxygenate the patient’s
blood out of their body through a membrane that oxygenates
the blood and functions as an artificial lung, allowing an
adequate control of gas exchange without vigorous mechani-
cal ventilation. Prone positioning strategy can cause a signifi-
cant increase in oxygenation in patients with respiratory
hypoxemia. The mechanisms that enhance this improvement
are recruitment of dependent lung units, redistribution of
blood flow to the more unaffected lung regions, reduction of
ventilation perfusion mismatch, minimization of compression
of the lung from anterior mediastinal structures, and facilita-
tion of respiratory secretion clearance [8§].

Review About the Addressed Disease or
Treatment

Some patients referred to ECMO have ARDS, in addition to
fulfilling the prerequisites for ECMO implantation, such as
PaO,/FIO, ratio of 70-80 mmHg, Murray score > 3, and pH
<72. Even though this condition is generally caused by pneu-
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monia, its development by blunt thoracic trauma does not
contraindicate the use of extracorporeal life support. In fact,
although respiratory failure caused by severe thoracic trauma
is still a challenge to intensive care specialists, the veno-
venous ECMO reveals itself as a safe and life-saving treat-
ment option for this condition. The onset of ARDS due to
exposure caused by trauma triggers an acute response by
tissue injury and organ involvement; therefore, the reported
case is shown as an example of a rapid implementation of
ECMO and successful treatment. The publications of the last
decade showed that even with some complications associated
with this scenario, such as increased risk of prior massive
blood loss, coagulopathy, coexisting solid organ, or traumatic
brain injury, the use of ECMO as a tool in early diagnoses has
shown an important decrease in long-term morbidity. As for
these studies, the use of ECMO (with or without systemic
anticoagulation) for refractory severe ARDS generally sur-
vived with minimal complications. Ultimately, it is also cost-
effective (especially if realized early) and has survival rates
which vary from 74% to 79% [9, 10].
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Clinical Presentation

A 37-year-old man, brown, born and raised in Brazil, reports
severe dyspnea for 20 days associated with a ventilatory-
dependent pain on the left hemithorax and cystic formation
in scar area located in fifth left intercostal space (Fig. 1).

He underwent a pericardiectomy 1 year ago with antero-
lateral left excision by important pericardial effusion held in
the city of Rio de Janeiro, Brazil. He has been in treatment of
tuberculosis for 5 months.

On the patient’s physical examination he was afebrile,
epneic, pale, hydrated, conscious and responsive, hemody-
namically stable, with swollen lymph nodes in the neck an
supraclavicular, preserved ambulation and decreased audi-
tory acuity.

Blood pressure: 100/65 mmHg

Heart rate: 80 beats per minute

Respiration rate: 12 breaths per minute

Temperature: 36 °C
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Figure 1 Cystic formation in scar area located in the fifth left inter-
costal space

Cardiovascular system: regular heart rhythm with normo-
phonetic sounds, without murmurs

Respiratory system: vesicular breath sounds without
adventitious sounds and with tachypnea

Abdomen: flaccid, with no palpable visceromegaly; bowel
sounds negative

Extremities: perfused, heated, and without edema

Genitourinary system: no changes

Gastrointestinal tract: no changes

Nervous system: no changes

Diagnosis, Assessment, and Treatment

The patient was referred to the intensive care unit (ICU) for
hospitalization due to the risk of complication and to per-
form general examinations because of the clinical presenta-
tion of intense dyspnea. In the intensive care unit, intensive
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treatment for congestive heart failure (CHF) was initiated,
associated with collection of vital signs and physical examina-
tion on a daily basis.

From the clinical picture, the following laboratory tests were
initially requested. Hemogram showed hematocrit = 40.3%,
hemoglobin = 12.2 g/dL, leucogram = 5100 leukocytes/
mm?®, basophils = 0, eosinophils = 1, metamyelocytes = 0,
bands = 0, segmented = 87 platelets = 212,000 Plt/mm?, cre-
atinine = 0.7 mg/dL, urea = 21 mg/dL, sodium = 140 mEq/L,
and potassium = 4.2 mEq/L. From the above data, and
considering patient’s previous tuberculosis disease, it was
hypothesized that it would be a picture of pericardial tuber-
culosis. In this situation, the pericardium can be affected by
Koch’s bacillus through hematogenous dissemination during
the course of endogenous reactivation of pulmonary focus or
by direct extension of the disease in the lung, pleura, and tra-
cheobronchial lymph nodes into the pericardial cavity. Due
to this situation, the adenosine deaminase laboratory test
was requested, and the patient’s exam was 103.88 U/L. The
adenosine deaminase measurement in the pleural fluid is a
sensitive and specific method for diagnosis of pleural tuber-
culosis, and its use may preclude the need for pleural biopsy
in the initial work-up of pleural effusion patients. An adenos-
ine deaminase cutoff value of 40 U/L is recommended.

Electrocardiogram revealed sinus rhythm, low voltage, and
right bundle branch block (Fig. 2).

An echocardiography was requested for structural evalua-
tion, presenting: pericardial effusion predominantly related
to the inferolateral heart wall, anechoic and cystic image,
extracardiac and subcutaneous, of the thorax that communi-
cates with pericardial effusion observed with color Doppler
(Fig. 3). A dilated inferior vena cava (26 mm) was also
observed with respiratory oscillation below 50% compatible
with pericardial effusion that generates hemodynamic
repercussion.

After evaluation of all data collected from the patient, a
surgical procedure was performed, being described as antero-
lateral left incision (in previous scars and cystic mass) with
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Ficure 2 Electrocardiogram: sinus rhythm e right bundle branch
block

FiGURE 3 Anechoic and cystic image (extracardiac and subcutane-
ous cystic mass of the thorax) that communicates with pericardial
effusion being observed on Doppler echocardiography
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drainage of serohematic secretion (Fig. 4). In the intraopera-
tive it was possible to observe a “herniation” of the pericar-
dial effusion into the subcutaneous tissue, forming a cyst with
pericardial fluid, caused by the partial absence of the pericar-
dium (previous partial pericardiectomy). At the conclusion of
the procedure, partial fluid drainage was performed due to
extensive fibrosis and tissue adhesion to avoid access to the
posterior pericardium.

FIGURE 4 Incision anterolateral left
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In the postoperative period, the patient regained con-
sciousness, was oriented, active, eupneic, pale and hydrated.
Patient was maintained in the hospital bed to use the medias-
tinal drainage bag in which 400 mL was drained within the
first 24 h. Physical examination with mild pericardial friction
and subcutaneous emphysema.

Computed tomography of the chest was performed to
evaluate the postoperative evolution of the patient, being
evidenced: emphysema at the site of drainage of the left hemi-
thorax associated with abscess in the left ventricular projec-
tion with less extension, pericardial effusion, measuring
12.2 x 9.2 cm, atelectasis of the lower lobe of the left lung,
posterior pleural thickening and small bilateral left pleural
effusion.

The patient was subsequently maintained in an infirmary
bed with oral diet, symptomatic medications for fever and
pain, pyrazinamide and isoniazid once daily.

Questions

1. What are the main causes of acute pericarditis, and how
does the clinical evolution of the disease occur?

Although many causes are possible, the most common is viral
infection and idiopathic causes. The clinical syndrome is often
relatively short (days to weeks) in duration and uncompli-
cated, but it is prudent to be aware of the progression to
tamponade.

2. What are the possible differential diagnoses?

The differential diagnoses for pericarditis are pulmonary
embolism, right ventricular infarction, chronic obstructive
pulmonary disease, and restrictive cardiomyopathy.

3. What are the pathophysiological mechanisms involved in
the pathogenesis of pericarditis?

When an inflammation or injury occurs, the pericardium
reacts forming an exudate (pericardial effusion) in variable
volume. If the liquid quickly accumulates or its volume is
large, the ventricles may be compressed. In practice, 1-2 L
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slowly accumulated in pericardial sac is well tolerated.
During the healing process, the pericardium gets thick and
sometimes calcifies, and then the constriction may arise. With
the constriction, venous pressure rises, including an inspira-
tory increase (Kussmaul sign). The pericardial thickening
process may extend to the myocardium, causing sometimes a
reduction in myocardial contractility, although the main
problem of constrictive pericarditis is the hipodiastolia
(restriction of ventricular filling). With restriction of ventricu-
lar filling, right and left ventricular diastolic pressure increases,
leading to large-sized atrial pressures. The acceleration of
venous return from the vena cava to the right atrium, which
normally occurs in inspiration, will be prevented in constric-
tive pericarditis. Thus the average venous pressure will not
decrease in inspiration and occasionally will increase
(Kussmaul sign).

4. What are the main diagnostic methods for the case?

Echocardiography is the most used imaging technique. It is
sensitive, specific, simple, and noninvasive, may be performed
at the bedside, and can identify cardiac tamponade. The pres-
ence of pericardial fluid is recorded as a relatively echo-free
space between the posterior pericardium and left ventricular
epicardium in patients with small effusions and as a space
between the anterior right ventricle and the parietal pericar-
dium just beneath the anterior chest wall in patients with
large effusions. The heart may swing freely within the pericar-
dial sac. When severe, the extent of this motion alternates
and may be associated with electrical alternans.
Echocardiography allows localization and identification of
the quantity of pericardial fluid. The diagnosis of pericardial
fluid or thickening may be confirmed by computed tomogra-
phy (CT) or magnetic resonance imaging (MRI). These tech-
niques may be superior to echocardiography in detecting
loculated pericardial effusions, pericardial thickening, and
the identification of pericardial masses. Electrocardiographic
changes are common. During the early days, diffuse
ST-segment elevations occur (peripheral and precordial deri-
vations) in the absence of reciprocal ST-segment depressions.
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PR-segment depression is also common and reflects the
atrial involvement. After several days, ST segments normal-
ize and T waves reverse. In a large pericardial effusion, tachy-
cardia, loss of R-wave voltage, and electrical switching may
be seen. Blood tests reflect an inflammatory state, with blood
sedimentation speed, reactive C-protein levels, and generally
high leukocyte count.

5. What is the best indication of treatment?

In the absence of significant pericardial effusion, the treat-
ment is directed primarily to relieve the patient’s symptoms.
Nonsteroidal anti-inflammatory drugs are used or glucocorti-
coids when resistance occurs. When the pericardial effusion is
clinically suggested, treatment must be started immediately.
If echocardiography shows at least 1 cm of liquid in front of
the medium part of the right ventricle free wall, it can usually
perform a percutaneous pericardiocentesis safely. The maxi-
mum of liquid must be removed with the monitoring of filling
pressures. The liquid must be submitted for evaluation. The
hemodynamically significant effusions of less than 1 cm must
be surgically approached through a pleuro-pericardial
window.

6. What are the main clinical manifestations of pericarditis?

Acute pericarditis usually manifests with continues tightness
chest pain that increases with deep inspiration. The relief
occurs when the patient assumes a genupectoral position (a
prone posture resting on the knees and upper part of the
chest). The pain results from the friction between the pericar-
dial leaflets and improves when there is accumulation of fluid
(pericardial effusion), and these leaflets stay away. The pain
may be preceded by a low-grade fever, and the symptoms are
sudden and severe since the beginning.

7. How to make the evaluation in case of chronicity

of pericarditis?

The assessment should exclude the possibility of tuberculosis
by performing a skin test, chest radiography, and gastric aspi-
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rate analysis. Pericardial biopsy is most commonly used for
the diagnosis of tuberculosis pericarditis than microscope
slide or culture of pericardial fluid. Aggressive drug treat-
ment is indicated.

8. What are the different etiologies of pericarditis?

I. Infectious pericarditis

A.

E.

Viral (coxsackievirus A and B, adenovirus, hepatitis,
HIV, etc.)

. Pyogenic (pneumococcus, Streptococcus, Staphylococcus,

Neisseria, etc.)

. Tuberculous
. Fungal (histoplasmosis, coccidioidomycosis, Candida,

blastomycosis)
Other infections (syphilitic, protozoal, parasitic)

I1. Noninfectious pericarditis

III.

ZEr A ~TQmmunwp

. Acute myocardial infarction

Uremia
Neoplasia
Myxedema

. Cholesterol

Chylopericardium

Trauma

Aortic dissection (with leakage into pericardial sac)
Postirradiation

. Familial Mediterranean fever
. Familial pericarditis

. Acute idiopathic

. Whipple’s disease

. Sarcoidosis

Pericarditis presumably related to hypersensitivity or
autoimmunity

A.

Rheumatic fever
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B. Collagen vascular disease (systemic lupus erythema-
tosus, rheumatoid arthritis, ankylosing spondylitis,
scleroderma, acute rheumatic fever, granulomatosis
with polyangiitis [Wegener’s])

C. Drug-induced (e.g., procainamide, hydralazine, phe-
nytoin, isoniazid, minoxidil,  anticoagulants,
methysergide)

D. Postcardiac injury

Review About the Addressed Disease
or Treatment

The involvement of the pericardium by Mycobacterium
tuberculosis is rare and observed in only 1-4% of cases of
pericarditis and less than 1% of people with tuberculosis. It
occurs most frequently in developing countries.

The tuberculous pericarditis occurs secondary to hematog-
enous spread during the course of endogenous reactivation of
pulmonary focus or direct extension disease in the lung,
pleura, lymph nodes, and tracheobronchial to the pericardial
cavity, with most cases arising from injury by contiguity from
tuberculosis of the mediastinal lymph nodes.

The clinical presentation of patients with tuberculous peri-
carditis is variable and unspecific, which makes diagnosis dif-
ficult, attending with cough, early dyspnea, chest pain, night
sweats, orthopnea, weight loss, and lower extremities edema.
The most frequent signs are cardiomegaly, pericardial fric-
tion, and tachycardia. In cases of constrictive pericarditis,
arise jugular venous distension and paradoxical pulse.

Among the diagnostic methods, chest X-ray shows
increased cardiac area in the early stages, which can take the
typical image of “Water Jar.” The long-term calcification
arises as a result of the healing process. The chest CT allows
delimiting the extent of involvement of pericardium and the
mediastinal lymph node enlargement. The echocardiogram is
the most effective test for diagnosis of the disease. It allows
to evaluate the volume of liquid and early detection of car-
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diac tamponade. Proof of diagnosis is performed by demon-
stration of tubercle bacilli in pericardial material, through
pericardial culture or pericardial fluid biopsy.
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Clinical Presentation

A 22-year-old man, white, single, student, born and raised in
the Northern (CE) region, was referred to a tertiary care
hospital presenting dyspnea complaints, chest pain on pres-
sure, dysphagia, sporadic palpitations, and dry cough with
fever episodes not measured. All symptoms started gradually
within 2 weeks. The patient reported severe pain radiating to
the back, correlated to dyspnea with minimal exertion. He
referred improvement of symptoms in the genupectoral posi-
tion. The admission electrocardiogram showed low-voltage
QRS complex (Fig. 1).

Previous diagnosis: type 2 diabetes mellitus and stage I11B
Hodgkin’s lymphoma (presenting night sweats, fever, and
significant weight loss for the past three and a half years;
underwent 4 cycles of ABVD chemotherapy regimen:
Adriamycin + Bleomycin + Vinblastine + Dacarbazine).
Patient denies hypertension and familiar cardiovascular risk
factors. The patient was hospitalized previously for reasons of
immunosuppression, anemia, cardiac tamponade, and noso-
comial pneumonia treated with antibiotics (14 days on
cefepime and ciprofloxacin).
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FiGure 1 Electrocardiogram: sinus tachycardia, alterations of ven-
tricular repolarization, and T wave flattened

Physical exam:

General: poor general state, hypotrophic, anicteric, acya-
notic, feverish, dyspneic, normal skin color, vigil and awake
Vital signs: BP =100/60 mmHg, HR =74 bpm, RR =19 bpm,
axillary temperature = 38.1 °C

Head and neck: no notable changes in the ears, eyes, nose,
and oral cavity. Presence of tangible fixed and painless
lymph nodes in the neck chains

e Neurologic: absence of focal signs

Chest:

(a) Cardiac auscultation: B1/B2 regular heart rhythm,
muffled heart sounds, without murmurs

(b) Respiratory auscultation: vesicular murmur univer-
sally present, with bibasal pulmonary crackles

(c) Examination of peripheral vessels: increased jugular
venous pulse and hypotension associated with para-
doxical pulse
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e Abdomen: Observation - no scars or striae; Auscultation -
normal bowel sounds, no bruits; Palpation - no tenderness,
masses or guarding

e Extremities: perfused ends with palpable peripheral pulses
and no edema or cyanosis

Diagnosis, Assessment, and Treatment

Additional tests:
Laboratory tests

e Hemogram: hematocrit, 26% (36-50% ); hemoglobin, 7.8 g/
dL (12-17)

e Leukogram: 14,500 leukocytes/mm? (5-11 x 10%)

e Glucose: 236 mg/dl (70-125)

e LDH = 196 U/L (240-480); total protein, 6 g/dL (6.1-79);
albumin, 3 g/dL (3.5-4.8); globulin, 3 g/dL (1.2-2.2); A/G
ratio =1

Image exams

e Chest radiograph: right perihilar thickening, linear atelec-
tasis of the lower third of the right lung, convex diaphragm
and free costophrenic sinus, and enlarged cardiac silhou-
ette — mainly the left ventricular arch, elongated aorta
(Fig. 2). Transthoracic echocardiogram: significant pericar-
dial effusion with diastolic restriction and LVEF = 62%
(Fig. 3).

e Chest CT, mediastinal region: lymphadenomegaly in pre-
vascular and pre-tracheal chains. Mediastinal vessels per-
meable and with normal dimensions. There is an extensive
pericardial effusion. Pleuropulmonary region: atelectasis
of the lower lobe of the right lung, moderate right pleural
effusion, and small left pleural effusion. Fibrotic aspect of
veiling in the medial segment of the middle lobe of the
right lung (Fig. 4).
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Ficure 2 Chest radiograph showing elevation of cardiothoracic
ratio

Figure 3 Doppler echocardiography showing pericardial effusion
(DP) important
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FIGURE 4 Chest tomography showing pericardial effusion and pleu-
ral effusion in the right hemithorax

Questions

1. What is the most likely diagnosis?

The patient in question has symptoms of pericardial effusion.
Its effusion can be associated with various pathologies such
as infectious, inflammatory, and neoplastic processes.

2. Is it possible to find a correlation between the lymphoma
and the pathology in question?

In this particular situation, the etiology is neoplastic, being
Hodgkin’s lymphoma the underlying disease. It affects pri-
marily young people, aged between 20 and 30 years old, and
males. However, sometimes it has an aggressive and refrac-
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tory profile, manifesting severe symptoms, including pericar-
dial effusion, possibly leading to cardiac tamponade.

3. What evidence on the clinical history/symptoms give us
subsidies to strengthen the main diagnostic hypothesis?

Among the clinical history data that lead us to suspect of
pericardial effusion, we can mention that genupectoral posi-
tion relieved dyspnea and chest pain on pressure, dysphagia,
and dry cough. On physical examination, mainly in larger
pericardial effusions, muffled heart sounds, elevated jugular
venous pulse, and arterial hypotension are common, featur-
ing the Beck’s triad. Kussmaul sign or paradoxical pulse (with
reduction of systolic blood pressure during inspiration, higher
than 10 mmHg) can also be present.

4. Knowing that when analyzing a clinical case, we should try
to fit it into a single diagnosis, how do we explain the
symptoms of dysphagia, dry cough, and dyspnea?

These symptoms are characteristic of the compression syn-
drome of structures such as bronchi, esophagus and pulmo-
nary parenchyma. In addition to these symptoms, we can
see in some other cases hiccup and hoarseness resulting
from compression of the phrenic nerve and laryngeal
recurrent. The weight of the pericardial fluid on the abdo-
men can take the feeling of nausea and abdominal
discomfort.

S.In case of chest pain, what factors contribute to distinguish
ischemic from pericardial syndrome? Are ECG changes
important to identify them?

The causes of chest pain with similar symptoms lead us to
suspect cardiac ischemia or pericardial effusion. To avoid
misunderstanding regarding these etiologies, we can use the
electrocardiogram, which in case of pericardial effusion, QRS
complex presents with low voltage (<15 mm in frontal deriva-
tions) and T wave flattened. While in acute myocardial infarc-
tion, we should seek changes indicative of injury and
myocardial necrosis such as ST-segment elevation, pathologi-
cal Q-wave onset, and T-wave inversion.
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6. Are the imaging tests needed for diagnosis? If so which
one(s)?

Currently diagnosis is guided by imaging tests such as cardiac
CT and MRI. Usually it is not needed, but when in a bad echo
window or dissociation between clinical and echo findings,
these methods are used to detail pericardial effusion and sug-
gest specific etiologies. Measuring the effusion is also more
accurate with these two tests. Pericardial effusion with more
than 3 weeks of evolution, which does not respond to
NSAIDs, colchicine or corticosteroids, is established as an
indication for pericardiocentesis. The diagnostic pericardio-
centesis should always be made guided by echocardiography
to avoid possible complications. The conduit applied to our
patient was the pleuropericardial window, aimed to provide
symptom and heart pumping relief.

When in a chest X-ray, the presence of 250 ml or more of
fluid in the pericardial cavity is enough to increase the cardiac
silhouette. A clue to differentiate pericardial effusion from
dilated cardiomyopathy is the globular cardiac silhouette
(Enlarged globular shaped heart).

Can be expected to the echocardiography, moderate to
severe diastolic restriction and also sometimes significant
LVEF reduction.

7. What are the main differential diagnoses?

Constrictive pericarditis

Dilated cardiomyopathy

Myocardial infarction

Mediastinal metastasis

Viral infections (Cytomegalovirus, Coxsackievirus,
Echovirus, HIV)

Pericardial tuberculosis

Uremia by severe renal impairment

Pericardial injury surgery

Autoimmune diseases: lupus erythematosus and rheuma-
toid arthritis

e Hypothyroidism
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8. What is the most appropriate conduct in frames with more
than 3 weeks of evolution unresponsive to drug therapy?

The indications of pericardiocentesis are effusions with more
than 3 weeks of evolution and no response to therapy with
NSAIDs, corticoids, or colchicine.

Diagnosis should be made always guided by echocardio-
gram, in order to avoid possible complications. The conduct
applied to the following patient was the pleuropericardial
window with the goal of providing relief of symptomatology
and heart function.

Surgical procedure should be considered in cases with sig-
nificant hemodynamic repercussions.
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Pericardiocentesis:
A Lifesaving Procedure

Gabriel Lorente Mitsumoto, Henry Eiji Toma,
Daniel Bartholo de Hyppolito,
and Valquiria Pelisser Campagnucci

Clinical Presentation

WSE, 61-year-old male, retired and born in Sdo Paulo. Patient
was admitted in the emergency department, referring tachy-
pnea and shortness of breath which started 15 days ago, asso-
ciated with lower limb edema and worsening of his respiratory
symptoms. He referred to be diagnosed with adenocarcinoma
of the right lung a couple of weeks ago.

The patient is a former smoker, 30 pack-year, and quit
smoking 1 month ago.

The physical examination at admission was as follows.
Patient was awake and alert; afebrile, with no signs of cyano-
sis; dehydrated; and pale.

Vitals:

Heart rate: 120 bpm
Respiratory rate: 22 bpm
Blood pressure: 100/60 mmHg
O, saturation: 91%
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Cardiovascular: Heart sounds with S1 and S2 with normal
intensity, tachycardia, regular rhythm, and no murmurs.
There was no hepatojugular reflux.

Respiratory: Breath sounds were present and symmetrical
but diminished in right lower hemithorax with rhonchi
diffusely spread across all parenchyma.

Abdominal: Normal bowel sounds, soft, resonant to per-
cussion, without pain or palpable masses.

Extremities: cold and with right arm and bilateral lower
limbs edema. Palpable arterial pulses.

Diagnosis, Assessment, and Treatment

The first hypotheses were of acute respiratory failure due to
pneumonia or congestive heart failure.

Initial measures: morphine, furosemide, hydrocortisone,
oxygen mask, and assessment of general laboratory tests and
cultures; an x-ray was also requested.

Laboratory exams at admission are listed in Table 1:

TaBLE 1 Laboratory exams

Exams Values
Hemoglobin 11.9 g/dL.
Platelets 305,000 UuL
Creatinine 1.4 mg/dL
Leukocyte 14.480 UuLL
Neutrophils 83%
Metamyelocytes 1%
Band cells 4%
Segmented 78 %
Lymphocytes 10%
Monocytes 7%
Urea 62 mg/100 mL
K 4.6 mEq/L
Na* 145 mEq/L




Pericardiocentesis: A Lifesaving Procedure 377

X-ray presented at admittance:

The x-ray (Fig. 1) showed a parenchymatous opacification
close to right hilum and a large pleural effusion; also the car-
diothoracic ratio is in its upper limit.

Due to his previous hospitalization and the findings in his
chest x-ray, the possibility of a hospital-acquired pneumonia
was considered, and the patient was started on piperacillin-
tazobactam. Also, as a treatment of the right effusion, it was
requested drainage of the pleural effusion. Moreover, due to
the enlarged cardiac area and to exclude other diagnosis as
well as to evaluate the heart, a transthoracic echocardiogram
was requested.

The exam showed no indirect signs of pulmonary embo-
lism but revealed the presence of pericardial effusion. He was

Ficure 1 Chest x-ray at admission in the emergency department
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then evaluated by the cardiac surgery service which
determined the need of a pericardiocentesis. Before the pro-
cedure, another x-ray was requested (Fig. 2).

A pericardiocentesis (Marfan puncture) was performed
using a double-lumen catheter, as described below.

1. Patient was positioned in horizontal dorsal decubitus with
a headboard in 30-degree inclination, with continuous car-
diac monitoring and an oxygen mask.

2. Asepsis and antisepsis followed by positioning of the surgi-
cal fields.

3. Identified puncture point lateral to xiphoid process, fol-
lowed by local anesthesia with a 2% lidocaine solution.

Ficure 2 Chest x-ray just before pericardiocentesis
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4. The pericardium puncture was performed using the modi-
fied Seldinger technique with a central venous catheter
needle, and 250 ml of citrine liquid was aspirated.

5. A double-lumen catheter filled with saline solution was left
for pericardial drainage, and a sample of pericardial liquid
was sent to analysis.

6. Occlusion.

The patient remained hemodynamically stable for the next
few days, and a follow-up x-ray assessed the position of the
drain (Fig. 3).

Considering the recurrent pleural effusion which required
several drainages, it was opted to perform a pleurodesis using
sterile talcum.

The biochemical, cytological, and culture analysis of peri-
cardial effusion are listed in Table 2:

Tazocin was suspended due to culture exam results being
negative.

The final aspect is shown in the Fig. 4.

Due to the analysis results, the patient was transferred to
oncology sector for proper neoplastic treatment, and the
pericardial catheter was removed after 7 days.

Questions

1. What are the most frequent causes of pericarditis in
developed and in developing countries, respectively?

Pericarditis has different causes in developed and in develop-
ing countries: viral/idiopathic and tuberculosis, respectively.
2. What are the components of Beck’s triad?

Beck’s triad components are jugular venous distention due to
elevated systemic venous pressure, muffled heart sounds, and
hypotension.

3. What are the main suggestive signs and symptoms of
pericarditis?

The main suggestive signs and symptoms of pericarditis are
pericardial friction rub, precordial pain, and fever.
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4. What are the signs of pericarditis in ECG?

ECG presents with diffuse ST segment elevation (Fig. 8).
5. What are the signs of cardiac tamponade in ECG?

The signs of cardiac tamponade in ECG are low QRS voltage
(Fig. 5) and electrical alternance (Fig. 6).
6. What is the main indication for pericardiocentesis?

The main indication for pericardiocentesis is cardiac

tamponade.

TaBLE 2 Laboratory exams

Exams Values
pH 7
Glucose 140 mg/dL
Total protein 2.7 g/dL
Albumin 1.5 g/dL
Volume 4 mL
Gross appearance Sanguineous
Fibrin clot Present
Nucleated cells 230 U/mm?®
Leucocytes 40%
Lymphocytes 56%
Neutrophils 44%
Eosinophils 0
Mesothelial 40%
Histiocytic 20%
Red blood cells 2900 U/mm?®
Neoplastic cell research Negative

No growth of bacteria after 48 h of seeding

<
<

FIGURE 3 (a, b) Chest x-ray after pericardiocentesis showing the

double-lumen catheter (indicated by the

tube (indicated by the

arrow) and the chest
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FiGURE 4 Double-lumen catheter appearance

7. What is the treatment for viral pericarditis?

Viral pericarditis treatment is the administration of nonste-
roidal anti-inflammatory drugs and colchicine.
8. What is the treatment for non-viral pericarditis?

Non-viral pericarditis treatment is based on treating the
underlying disease.
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Ficure 5 ECG showing low QRS voltage
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Ficure 6 ECG showing electrical alternance

Review About the Addressed Disease or
Treatment

The normal pericardial sac contains 10-50 ml of pericardial
fluid as a plasma ultrafiltrate that acts as a lubricant between
the pericardial layers. Any pathological process usually
causes inflammation with the possibility of increased produc-
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tion of pericardial fluid, as pericarditis (exudate). An alterna-
tive mechanism of accumulation of pericardial fluid may be
decreased reabsorption due to a general increase in systemic
venous pressure as a result of congestive heart failure or pul-
monary hypertension (transudate). Pericardial effusion may
be classified according to its onset (acute or subacute vs.
chronic when lasting >3 months), distribution (circumferential
or loculated), hemodynamic impact (none, cardiac tampon-
ade, effusive-constrictive), composition (exudate, transudate,
blood, rarely air, or gas from bacterial infections), and, in
particular, its size based on a simple semiquantitative echo-
cardiographic assessment as mild (<10 mm), moderate (10—
20 mm), or large (>20 mm).

A significant proportion of patients with pericardial effu-
sion are asymptomatic, and pericardial effusion constitutes an
incidental and unexpected finding on x-ray or echocardio-
gram performed for other reasons, as in this case.

The clinical presentation of pericardial effusion varies
according to the speed of pericardial fluid accumulation. If peri-
cardial fluid accumulates rapidly, such as after wounds or iatro-
genic perforations, the evolution is dramatic, and even small
amounts of blood may cause an increase in intrapericardial
pressure within minutes and overt cardiac tamponade. On the
other hand, a slow accumulation of pericardial fluid allows the
collection of a large effusion in days to weeks before a signifi-
cant increase in pericardial pressure causes symptoms and signs,
that is, due to the restricted, but yet distensible, pericardial sac,
in which large amounts of fluid can accumulate gradually with-
out hemodynamic effects. The intrapericardial pressure then
increases until it equals the right ventricular diastolic pressure
and then the left ventricular diastolic pressure, which leads to
impaired cardiac filling and decreased cardiac output.

The classic presentation of patients with pericardial tam-
ponade includes Beck’s triad of jugular venous distention due
to elevated systemic venous pressure, muffled heart sounds,
and hypotension. Most patients will have at least one of these
signs. However, studies points Beck’s triad symptoms to be
found significant only in 54%, 28%, and 22% of the cases,
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respectively. Despite that, tachypnea is a common clinical
finding in patients with cardiac tamponade, and dyspnea is
the most frequently reported symptom on presentation, with
a sensitivity of about 87-88% for cardiac tamponade.

Classic symptoms include shortness of breath on exertion
progressing to orthopnea, chest pain, and/or fullness.
Additional occasional symptoms due to local compression
may include nausea (diaphragm), dysphagia (esophagus),
hoarseness (recurrent laryngeal nerve), and hiccups (phrenic
nerve). Non-specific symptoms include cough, weakness,
fatigue, anorexia, and palpitations, reflecting the compressive
effect of the pericardial fluid on contiguous anatomic struc-
tures or reduced blood pressure and secondary sinus tachy-
cardia. Also, the signs of cardiac tamponade in ECG are low
QRS voltage (Fig. 5) and electrical alternance (Fig. 6), illus-
trated in the figures below.

When pericardial effusion is detected, the first step is to
assess its size, hemodynamic impact (specially the presence of
cardiac tamponade), and possibility of associated diseases
(either cardiovascular or systemic diseases). Therapy of peri-
cardial effusion should include treatment of the etiology as
often as possible; however, this patient’s lung cancer treatment
would not allow recovery as fast as it would be necessary to
control or even reduce the effusion.

Pericardiocentesis is indicated for cardiac tamponade or
for symptomatic moderate to large pericardial effusions not
responsive to medical therapy, and for suspicion of unknown
bacterial or neoplastic etiology (class Ic). Pericardiocentesis
alone may be necessary for the resolution of large effusions,
but recurrence is common, and pericardiectomy or less inva-
sive options (i.e., pericardial window) should be considered
whenever fluid re-accumulates and becomes loculated or
biopsy material is required.

Considering that the patient has lung cancer and medical
therapy was not successful, the algorithm (Fig. 7) below was fol-
lowed (large arrows), and a pericardiocentesis was performed.

The prognosis of pericardial effusion is essentially related
to the etiology. The size of the effusion correlates with the
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Cardiac tamponade or
suspected bacterial or
neoplastic etiology?

Pericardiocentesis and Elevated inflammatory
etiology search markers?

Empriric anti-
inflamatory therapy
(treat as pericadittis)

Know associated
disease?

Yes No

Pericardial effusion Large (> 20mm)

Pericardial effusion?

probably related Treat
the disease

Consider
pericardiocentesis and
drainage if chronic (> 3|

months)

Follow-up

Ficure 7 Simplified algorithm for pericardial effusion triage and
management

prognosis, as moderate to large effusions are more common
for specific etiologies such as bacterial and neoplastic condi-
tions. In patients with pericardial tamponade, emergency
pericardiocentesis to aspirate pericardial fluid can restore
normal cardiac function and peripheral perfusion. It can be a
lifesaving procedure.

The x-ray film after completing the procedure serves to
assess not only drain position but also complications such as
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a pleural effusion or pneumothorax. Continuous monitoring
of the patient for signs of hemodynamic instability and for
physical findings which suggests fluid is still accumulating is
mandatory. Definitive care may include placement of a soft
catheter in the pericardial space or surgical placement of a
pericardial window to allow for continuous drainage. In this
case, a double-lumen catheter was the drainage choice.

Once again, one of the main causes of cardiac tamponade
is pericarditis, which has different causes in developed and in
developing countries: viral/idiopathic and tuberculosis,
respectively. Pericarditis is divided in viral etiology and non-
viral etiology, with different treatments. Viral pericarditis
treatment is the administration of nonsteroidal
anti-inflammatory drugs and colchicine and for non-viral
pericarditis is the treatment of the underlying disease. Studies
showed that colchicine diminishes viral proliferation and cor-
ticoids augment it. The main suggestive signs and symptoms
of both types of pericarditis are pericardial friction rub, pre-
cordial pain, and fever, and ECG presents with diffuse ST
segment elevation (Fig. 8).
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Chronic Thromboembolic
Pulmonary Hypertension
(CTEPH): A Surgically
Curable Cause of Pulmonary
Hypertension

Leandro Pedro Goloni Bertollo,

Guilherme Henrique Ribeiro de Carvalho,
Vanessa Lopes Vieira, Fabio Biscegli Jatene,
and Orival de Freitas Filho

Clinical Presentation

A 45-year-old former smoker (10 years/1 pack/day) female
patient presented a report of chest discomfort, tiredness, and
progressive dyspnea on moderate efforts 4 years ago. She was
assessed by a cardiologist at her hometown, who requested a
transthoracic echocardiography, but the patient did not
return. Two years later, she had worsened, presenting dys-
pnea even at rest and requiring home supplemental oxygen.
She was then evaluated by a general practitioner, who
requested a new echocardiography and a chest CT
angiography.

After another year, she was evaluated by a local thoracic
surgery team that suspected of a mediastinal malignant neo-
plasm or a fibrosing mediastinitis. The PET-CT performed

L. P. G. Bertollo (P<) - G. H. R. de Carvalho - V. L. Vieira
F.B. Jatene - O. de Freitas Filho

Faculty of Medicine of University of Sao Paulo (FMUSP),
Sao Paulo, SP, Brazil

© Springer Nature Switzerland AG 2019 391
R. M. S. Almeida, F. B. Jatene (eds.), Cardiovascular Surgery,
https://doi.org/10.1007/978-3-319-57084-6_33


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-57084-6_33&domain=pdf

392 L.P.G.Bertollo et al.

did not capture any thrombus. She underwent a cervical
mediastinoscopy in which there was no sign of malignant cells
or tissue fibrosis. A lung scintigraphy was performed and
showed multiple areas of radiopharmaceutical concentration
reduction, indicating high probability of chronic thromboem-
bolic pulmonary hypertension (CTEPH). The patient was
then referred to the CTEPH team at INCOR-HCFMUSP for
investigation and evaluation of surgical treatment, in use of
Clexane 120 mg/day and warfarin 2.5 mg/day. The physical
examination at our institution showed O, Sat of 95% at rest
and of 75% at effort without the 02 catheter. She also had P2
hyperphonesis at cardiac auscultation. All other aspects of
the physical examination showed no alterations.

Diagnosis, Assessment, and Treatment

For the etiologic investigation, a transthoracic echocardiogra-
phy was firstly requested as a screening exam for CTEPH,
showing significantly increased right chambers, preserved left
ventricular systolic function, and preserved myocardial thick-
ness. Doppler findings were compatible with left ventricular
relaxation alteration, right ventricular moderate hypokinesia,
paradoxical movement of the interventricular septum, and
moderate tricuspid valve regurgitation. Pulmonary artery
systolic pressure (PASP) was 93 mmHg.

Another screening exam for CTEPH was then requested:
the ventilation/perfusion lung scintigraphy. The perfusion
study showed a heterogeneous pattern of radiopharmaceutical
distribution, with hypoperfusion in right upper lobe projection,
lateral segment of the right middle lobe, and segments of the
right lower lobe; basal segments of the left lower lobe were
hypoperfused as well. The inhalation study showed a radio-
pharmaceutical distribution pattern which was discordant of
the perfusion pattern, with aeration preserved in both lungs.

Since there was a high probability of CTEPH, a chest CT
and a pulmonary arteriography were requested to confirm
the diagnosis and to access the operability of the thrombus.
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The chest tomography showed chronic thromboembolic
pulmonary signs, characterized by eccentric thrombus in the
distal portion of the right pulmonary artery, extending to the
corresponding lobar branches. There was complete oblitera-
tion of the right upper lobe artery and reduction in size of the
origins of the arteries of the middle and lower lobes on this
side. Complete obstruction of the left lower lobe artery and
its segmental branches was also observed, with thinning of
the lingular segment artery. Increased caliber of the pulmo-
nary artery trunk (3.7 cm) and cardiomegaly at the expense
of the increase of the right chambers were observed as well
(Figs. 1 and 2).

The pulmonary arteriography demonstrated increased
caliber of the pulmonary artery trunk, smooth walls, and
patency of the main trunk of the right and left pulmonary
arteries. Left pulmonary artery presented mild dilation of the
main trunk and regular walls. Absence of opacification on the
left lower lobe and on the right upper lobe was observed.
Right pulmonary artery presented an increased diameter,
habitual disposition, and slight parietal irregularities. It is
observed return of the pulmonary veins with posterior aortic
hallmarking. The pulmonary artery had a systolic blood pres-
sure (BP) of 84 mmHg (reference ranges, 15-30 mmHg), a
mean BP of 63 mmHg (10-20 mmHg), and a diastolic BP of
39 mmHg (8-15 mmHg). The right atrium presented a mean
pressure of 19 mmHg (2-6 mmHg). These measurements
were compatible with CTEPH (Fig. 3).

To support the etiologic investigation and as patients with
CTEPH have hypercoagulability predisposition, thrombo-
philia was searched in the patient: Leiden factor V and pro-
thrombin-negative mutant; antithrombin 3 (AT3), lupus
anticoagulant, and anticardiolipin normal.

Finally, a right cardiac catheterization was made to access
hemodynamic factors which were important for the evalua-
tion of surgical indication. The results were right
atrium = 9 mmHg (reference ranges, —1-7 mmHg); right ven-
tricular systolic BP = 86 mmHg (15-30 mmHg); right ven-
tricular systolic BP = 6 mmHg on the first moment and
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FIGURE T Above: computed tomography angiography (mediastinal
window) showing proximal thrombus in the right pulmonary artery.
Below: proximal thrombus in the lumen of the right interlobar
artery
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Figure 2 Computed tomography angiography (pulmonary window)
showing mosaic perfusion pattern more evident in the left lung, with
areas of hypo- and hyperperfusion

10 mmHg later (0-8 mmHg); pulmonary trunk systolic
BP = 86 mmHg (15-30 mmHg); pulmonary trunk diastolic
BP = 35 mmHg (815 mmHg); pulmonary trunk mean
BP = 58 mmHg (10-20 mmHg); pulmonary capillary mean
BP = 14 mmHg (8-12 mmHg), cardiac output = 3.5 L/min
(Fick); and pulmonary vascular resistance (PVR) = 12.5
Wood units (0.25-1.6 Wood units).

Other standard preoperative exams were performed (such
as hepatic and renal functions), without any abnormalities.

The patient was then indicated for pulmonary thromboen-
darterectomy, due to favorable hemodynamic parameters
(especially the PVR) and operable location of the thrombus.

About 1 year later, she was referred to INCOR-FMUSP,
and 4 years from the beginning of the symptoms, she
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FiGure 3 Pulmonary arteriography showing proximal obstruction in
the right and left branches of the pulmonary artery. It also evidences
that the only perfused area is the left superior lobe

underwent the pulmonary thromboendarterectomy, in June
2015. The surgery was performed by general anesthesia and
longitudinal sternotomy with deep hypothermia (16 °C) and
two periods of circulatory arrest (18 and 22 min). Thrombi
type I was found on the right and left sides and operation was
successful. The patient was extubated on the first postopera-
tive day. Pulmonary artery systolic pressure decreased from
86 mmHg (preoperative) to 43 mmHg (immediate postopera-
tive). In the first postoperative day it was 46 mmHg and
35 mmHg in the second postoperative day. The Swan-Ganz
catheter was removed on the third postoperative day. The
patient remained in ICU until the 7th postoperative day and
was discharged on the 16th day after surgery.

One month postoperative echocardiography (July/2015)
showed a slightly increased right ventricle and minimal tri-
cuspid valve insufficiency (Fig. 4).
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FiGure 4 Surgical specimen: thrombus on the right and left sides.
The right lung thrombus occluded the right pulmonary artery

Questions

1. What is the definition of CTEPH?

Chronic thromboembolism pulmonary hypertension
(CTEPH) is a chronic obstruction of the pulmonary arter-
ies. It is defined as pulmonary hypertension observed after
a minimum period of 3 months after at least one episode
of pulmonary embolism, excluding other causes of pulmo-
nary hypertension [1]. Inadequate anticoagulation, massive
thrombus, residual thrombus, and recurrent embolic event
contribute to the development of CTEPH. Prospective epi-
demiological data show an incidence of symptomatic CTEPH
of 1% in the sixth month, 3.1% in the first year, and 3.8% at
the end of the second year after acute episode pulmonary
thromboembolism [2].

2. How is the clinical presentation of CTEPH?

The most common symptoms are chest pain, dyspnea, syn-
cope, angina, and hemoptysis. However, few patients receive
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the diagnosis in long-term follow-up after the pulmonary
embolism, due to nonspecific symptoms and variable presen-
tation. In addition, there may be absence of previous symp-
toms of acute pulmonary thromboembolism in 63% of
patients with CTEPH [2].

3. Which is the differential diagnosis?

Other causes of obstruction of the pulmonary artery should
be considered: angiosarcoma of the pulmonary artery, pulmo-
nary arteritis, mediastinal fibrosis, hydatid cyst embolism, and
tumor embolism — from both benign tumors (uterine leio-
myoma) and malignant (primary renal cancer, thyroid, tes-
ticular, or uterine) [3].

4. Which exams help the diagnosis?

If you suspect the diagnosis, investigation should be guided
with transthoracic echocardiography, chest CT angiography,
and ventilation-perfusion pulmonary scintigraphy. The defini-
tive diagnosis as well as the vascular staging will be set with
pulmonary arteriography.

5. Which is the importance of the pulmonary scintigraphy?

The ventilation-perfusion (V/Q) pulmonary scintigraphy is an
important initial exam for screening in patients with suspected
CTEPH. It has a high sensitivity to detect embolic disease as a
potentially curable cause of pulmonary hypertension, showing
a higher sensitivity than multidetector CT pulmonary angiog-
raphy [4]. The transthoracic echocardiography is also an impor-
tant screening exam, being recently suggested as the initial
exam to investigate CTEPH, since it is more easily available
and provides parameters that can suggest the diagnosis, such as
the estimated right ventricular systolic pressure (RVSP), dila-
tion of the right ventricle with impaired contractility, impinge-
ment on the left ventricle, D-shaped left ventricle, and the
tricuspid annular plane systolic excursion (TAPSE) [5].

6. Is the surgery a good option for treatment?

Medical therapy with anticoagulant drugs, thrombolytic
agents, or vasodilator drugs has not been shown to affect the
prognosis. Surgical therapy is curative and with few excep-
tions is regarded as permanent [6].
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7. Which are the indications for the surgery?

The main indications for the thromboendarterectomy are
New York Heart Association functional class IIT and IV, pul-
monary arterial resistance >300 dynes.s.cm-5 (or 3.75 W),
predominance of central obstructive lesions (large arterial
branches or lobar), and prediction of reduction in pulmonary
artery pressure (PAP) of at least 50% after thromboendarter-
ectomy [3]. The largest risk factor for operation remains the
degree of operability as assessed by PVR. A high PVR with-
out gross changes on angiogram signifies secondary vascu-
lopathy — an inoperable change and a degree of postoperative
pulmonary hypertension that will likely hinder recovery. The
mortality rate was 30.6% when the residual PVR was higher
than 500 dynes.s.cm(—5) but only 0.9% when it was below
this level [6]. More recently, it has been shown that the preop-
erative PA (pulmonary artery diameter)/BSA (body surface
area) ratio was an independent predictor for hemodynamic
outcome after thromboendarterectomy [7].

8. Which are the preoperative exams?

The pre-op routine includes the evaluation of vasculopathies
(previous stroke, vascular malformations, arteriopathies),
hepatic function (serum hepatic enzymes, bilirubin, and
coagulation factors), renal function (serum creatinine, urea,
and electrolytes), and catheterization — especially to establish
the pulmonary vascular resistance (PVR), an important
parameter to analyze the surgery indication.

9. Which are the steps of the surgery?

The surgical procedure involves median sternotomy with
extracorporeal circulation and periods of circulatory arrest
with hypothermia. Sternotomy provides access to the cen-
tral vessels of both lungs, since there is need for bilateral
desobstruction in most cases. It is important to emphasize
the need to perform a thromboendarterectomy and not an
embolectomy. The plane of dissection should be performed
in the middle layer of the arteries, which is partially with-
drawn, together with the inner layer and the organized
thrombus [8].
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10. Which are the possible complications of the surgery?

As a result of the thromboendarterectomy procedure, the
patient may present complications in 46% of the cases. They
are related to some technical peculiarities such as circulatory
arrest, deep hypothermia, pulmonary reperfusion, and post-
op ventricular dysfunction. Possible complications include
pulmonary reperfusion syndrome (33.3%), one of the major
causes of death (66.7%), coagulopathies (21.3%), and renal
(16.3%) and neural (16%) dysfunctions [9].

Review About the Addressed Disease
or Treatment

Although CTEPH is a rare complication of acute pulmonary
embolism, its delay in diagnosis and lack of knowledge in the
medical community leading to patients with chronic and
worsening dyspnea make it important to talk about it. The
etiology behind CTEPH is also largely unknown and full of
speculations. Some mechanisms have been proposed, as
increased hypercoagulability, reduced fibrinolytic capacity,
and genetic polymorphisms in fibrin that make it resistant to
fibrinolysis, but none of these hypotheses explain the devel-
opment of CTEPH in the majority of the patients, being
consistent with only a minor percentage of the cases [5].
Recently, researchers have explored alternative causes of
CTEPH including impaired angiogenesis, inflammation, and
possible similarities on a cellular level to cancerous transfor-
mation [5].

Regarding the diagnosis, it is very important to consider
the hypothesis of CTEPH in patients with pulmonary hyper-
tension (PH) or chronic worsening dyspnea, as CTEPH is the
only cause of PH that is potentially curable. The differential
diagnoses are conditions such as angiosarcoma of the pulmo-
nary artery, pulmonary arteritis, mediastinal fibrosis, hydatid
cyst embolism, and tumor embolism. For screening of CTEPH,
the recommended exam remains the pulmonary scintigraphy
(ventilation/perfusion (V/Q) scan). The echocardiogram has
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been gaining a role as a screening exam more recently [5].
The gold standard exam to confirm the diagnosis is pulmo-
nary angiography, but high-quality computed tomography
angiography and magnetic resonance angiography are also
increasing in use for this purpose at experienced centers [5].

The treatment of choice for CTEPH is the pulmonary
thromboendarterectomy (PTE). Long-term survival is excel-
lent with 5-year survival rates of 88-90% [5], and an in-hospi-
tal mortality of less than 5% was reported in a recent review
[5]. However, not all patients can be submitted to the proce-
dure. Evaluating the extent and location of disease deter-
mines the operability (being diffuse and distal obstructions
less resectable), as well as the pre-op hemodynamic parame-
ters (mainly the PVR). PTE shall not be confounded with
embolectomy, a considerably more simple procedure. PTE
requires a referral center with experience in the perioperative
management of PH and RV dysfunction including extracor-
poreal membrane oxygenation (ECMO) [5]. The most com-
mon post-op complication is reperfusion lung injury (RLI),
being ECMO sometimes necessary to manage these patients.
Persistent PH after PTE is common (16.7-35%), being medi-
cal support for symptomatic patients needed [5].

Other options of treatment are being recently considered
and more studied. Balloon pulmonary angioplasty is a tech-
nique used to dilate stenotic segments of the pulmonary
arteries, and it may offer several advantages in the treatment
of inoperable CTEPH, but it is not currently recommended
as an established treatment for CTEPH, because of the need
for multiple procedures, significant IV contrast administra-
tion, lack of longer-term outcome data, and questions regard-
ing optimal patient selection [5]. Also, it is not a permanent
treatment like TPE, and the improvement of hemodynamic
factors lasts about 2 years. Although, its methodology has
substantially improved over the last years, decreasing the
complications.

The medical therapy has also a role in CTEPH.
Anticoagulation with warfarin is recommended for all
patients (even after PTE and resolution of PH), as well as the
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symptomatic supportive therapy, especially oxygen therapy.
Although, medications cannot reach the same results and
replace TPE. For inoperable patients, prostacyclin analogs
and phosphodiesterase-5 inhibitors are used for treatment,
even without randomized clinical trials supporting it. The
only drug that showed benefits in clinical trials is riociguat, a
guanylate cyclase stimulator [5].

Concluding, in this case the patient took three and a half
years until diagnosis, including a mediastinoscopy. On aver-
age these patients take up to 2 years for the correct diagnosis
and several consultations before diagnosis [10]. With this,
many patients may have important clinical worsening and
lack of time until definitive treatment. The disease is often
severe, but important advances in treatment options are
being made in the last years: the surgeries are having better
outcomes, with optimistic chances of cure; interventionist
methods such as angioplasty have been introduced; and drugs
for pre- and postoperative handling of pulmonary hyperten-
sion are being used.
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Check for

Intracardiac Embolization e
of Inferior Vena Cava Filter

Nagila Simon Ziebell, Augusto Emilio Hinterholz,
Daniela Moraes, Fernanda Schuh Martins,
and Francisco Coelho Lamachia

Clinical Presentation

MLC, male, 44 years old, former smoker, with history of dia-
betes mellitus, systemic arterial hypertension, and heart fail-
ure, comes to the hospital in September 2015 complaining
about chest pain within the last 24 h, without any other symp-
tom. The patient had a history of a grade III astrocytoma that
was surgically removed 3 months before the day he was
admitted in our hospital. After 1 month of this neurosurgery,
the patient had another hospitalization due to a suspected
cerebral abscess and acute dyspnea. During this hospitaliza-
tion, a Doppler ultrasound of the legs diagnosed a deep vein
thrombosis (DVT) and high-probability pulmonary embo-
lism (PE). However, the recent brain surgery and cerebral
abscess suspicion contraindicated the anticoagulation ther-
apy. Therefore, the patient had undergone inferior vena cava
filter (IVCF) insertion as the prophylaxis for PE, 2 months
before looking for our service. After the procedure, the
patient remained dyspneic for 2 more days and developed
tachypnea, when a pulmonary angiotomography was taken,
diagnosing a bilateral PE in main branches of the pulmonary
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arteries. The patient received anticoagulation therapy due to
the high risk of mortality associated with the PE.

Diagnosis, Assessment, and Treatment

The patient was admitted to the hospital and an electrocar-
diogram (EKG) was made, which was normal. A serum tro-
ponin I level of 0.94 ng/mL (normal range <0.3 ng/mL) and
CK-MB of 4 UI/L (normal range <24 U/L) were the labora-
tory findings. A transthoracic echocardiogram (Fig. 1) and a
contrast-enhanced computed tomography (Fig. 2) were per-
formed, diagnosing a foreign body inside the right ventricle.
The patient underwent a cardiac catheterization that con-
firmed the diagnosis of the inferior vena cava filter inside the
right ventricle (Figs. 3 and 4). After a few hours, the patient

Ficure 1 Transthoracic echocardiogram — modified four-chamber
view. Visualization of the right atrium, right ventricle, and left ven-
tricle. Abnormal echo-dense mass in the tricuspid valve. Evidence of
pericardial effusion
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FiGUrRe 2 Contrast-enhanced computed tomography showing the
ventricular chambers with a metal artifact inside the right ventricle.
Evidence of a small pericardial effusion, pleural effusion, and bilat-
eral pulmonary atelectasis

developed a cardiac tamponade and hemodynamic instabil-
ity. He was submitted to a pericardiocentesis and admitted to
the intensive care unit (ICU). He underwent a thoracotomy/
open heart surgery, which on the filter was removed from the
right ventricle, and a valvular lesion was repaired. He stayed
in the ICU for 3 days and had no complications associated
with the surgery.

Questions

1. What are the indications for inferior vena cava filter
insertion?

The use of inferior vena cava filters (IVCFs) is increasing
during the past few years. It is recommended for patients who
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Ficure 3 Cardiac catheterization — right oblique caudal view. JL
catheter positioned inside the left coronary ostium. Radiopaque
image in tricuspid position

developed deep vein thrombosis (DVT) or have another
thromboembolic disease. The IVCF is used for secondary
prophylaxis or pulmonary embolism (PE), especially in those
patients with absolute or relative contraindications for anti-
coagulation or even in those who had developed PE recur-
rently despite adequate anticoagulation therapy.
Contraindications (absolute or relative) for anticoagulation
therapy are the most important indications for IVCF inser-
tion. These are exemplified by the patient diagnosed with PE
and active gastrointestinal bleeding, adverse effects of hepa-
rin (e.g., heparin-induced thrombocytopenia), thrombocyto-
penia (less than 50.000/mm?), severe traumatic brain injury or
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FiGure 4 Cardiac catheterization — left oblique view. JR catheter
positioned in the right coronary territory. Radiopaque image in tri-
cuspid position

spinal cord trauma, central nervous system (CNS) bleeding
on the past 6 months, CNS diseases (e.g., tumors), brain sur-
gery, and active urinary tract bleeding on the past 6 months.
2. What are the most frequent complications related to the
inferior vena cava filter?

Despite their effectiveness in preventing PE, IVCFs are asso-
ciated with some complications inherent to their insertion or
use. Therefore, the knowledge of those complications allows
an early diagnosis and management, reducing the morbidity
and mortality of these conditions. Inferior vena cava filter
complications might be late or due to its insertion and even
to its removal. The events that happen during the filter inser-
tion are the most common complications and are exemplified
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by bleeding (the most frequent), hematomas (rarely large),
inadvertent arterial puncture (mostly in obese patients and/
or non-guided by ultrasound puncture), and wound infection.
Misplacement of the device is another potential difficulty.
More, defective filter deployment (in its expansion or with
legs crossed) is a risk factor for migration and malfunctioning
of the device.

Filter migration might be to another place in the inferior vena
cava (IVC) or to the heart chambers. Some reports of right ven-
tricle and even pulmonary trunk are described in literature.

Despite being used for PE prophylaxis, the IVCFs increase
the risk for DVT, mainly in the inferior vena cava (IVC), and
it is a complication in about 2.7-3.2% of the cases.

Inferior vena cava lesions, although frequent, are rarely
associated with some clinical manifestation. However, there
are some case reports about complete perforation of the IVC,
causing aortic, ureteral, and intestinal penetration and, there-
fore, increased morbidity and mortality.

Device infection (mostly in retrieval filters, used in septic
patients) and PE are some of the possible complications as
well.

3. What is the incidence of intracardiac embolization of the
inferior vena cava filter?

Inferior vena cava filter complications have incidence of
about 3-12%. Among the most frequent are the hematomas,
wound infection, and misplacement of the device. Filter
embolization/complete migration is extremely rare, with
reported rates of about 0.1-1.2% of the cases, associated
mainly with misplacement of the filter, mechanical failure of
the device, and IVC diameter less than 28 mm.

4. What are the complications associated with inferior vena
cava filter intracardiac embolization?

Despite being rare, intracardiac embolization is a potentially
serious condition that must be promptly managed. The main
complications of this disorder is syncope, cardiac arrhythmia,
dyspnea, cardiogenic shock, cardiac tamponade, myocardial
infarction (MI), right ventricle free wall rupture, and even
cardiac arrest.



Intracardiac Embolization of Inferior Vena Cava Filter 411

5. What are the main differential diagnosis for inferior vena
cava filter intracardiac embolization?

In the most of the cases of filter migration, no clinical manifes-
tation is observed and the patient remains asymptomatic.
However, when it migrates upward, mostly when related to
the heart or great vessels, the patient might evolve with chest
pain. In this perspective, every disease that presents with chest
pain may enter the role of differential diagnosis. Knowing that
patients who had undergone IVCF insertion are indeed at risk
for thromboembolic events, diseases that share the same phys-
iopathology should be listed as possible diagnosis. The most
important causes of chest pain, in the presence of risk factors,
are MI and PE. In the MI, typical angina associated with ele-
vated cardiac biomarkers and abnormal electrocardiogram
(EKG) confirms its diagnosis. Another differential diagnosis
that must be excluded is PE, as the patient with the IVCF is,
obviously, a patient with risk for this condition.

Pulmonary embolism and myocardial infarction (MI) must
be the main differential diagnosis. Pulmonary embolism diag-
nosis is clinical and radiological (computed angiotomography
or pulmonary angiography), but arterial gasometry, chest X-ray,
EKG, and D-dimer (in low probability of PE) might be used.

Due to the vast possibilities of clinical manifestations of
the IVCF intracardiac embolization, mainly when the patient
presents with a cardiogenic or obstructive shock, conditions
such as pneumothorax, constrictive pericarditis and cardiac
tamponade set the range of differential diagnosis that must
be investigated and excluded.

6. What are the exams that must be used to diagnose the
inferior vena cava filter intracardiac embolization?

Patients with intracardiac embolization of the device are fre-
quently symptomatic. However, other conditions must be
excluded, and therefore, several exams may be used. Among
others, the first diagnosing exam that should be performed is
the transthoracic echocardiogram, due to its practicality and
mainly when the patient is hemodynamically unstable. Even
depending on the operator, it is not hard to visualize the for-
eign body inside the heart chambers by the echocardiogram.



412 N.S. Ziebell et al.

Furthermore, ejection fraction, valvular lesions, as well as dif-
ferential diagnosis and/or complications caused by the ecto-
pic filter might be seen during the exam.

It is essential that PE and MI are excluded as soon as possible,
and diagnostic tests related to those conditions must be used.
7. What are the treatment options for the inferior vena cava
filter intracardiac embolization?

In the presence of intracardiac embolization of the IVCF, open
heart surgery and endovascular approach are the treatment
options. Weinberg, Kaufman, and Jaff [5] advocate that conser-
vative management is a therapeutic option. However, there is
no consensus of what is the best treatment method for the filter
removal, nor if its removal is a good choice when the patient is
hemodynamically stable. Due to the low incidence of this condi-
tion, there is no strong evidence to support one approach over
the other, making the individualization of the case the basis for
the best therapeutic option, allying clinical aspects and imaging
exams to make the decision. Most authors suggest that the best
approach would be the thoracotomy (open heart surgery),
mainly when the patient is hemodynamically unstable.

8. What are the possible surgical complications of the
removal of the filter?

Thoracotomy puts the patient at risk for MI, cardiac tamponade,
vasoplegic syndrome, atrial fibrillation, and ventricular arrhyth-
mias. Furthermore, when there are associated valvular lesions, its
Plasty or rhaphy increases the risk for conduction abnormalities,
atrioventricular block, and endocarditis. As well as described for
other surgeries, complications related (or not) to procedure such
as wound infection, bleeding, and atelectasis may happen.

Review About the Addressed Disease or
Treatment

Cardiac tamponade can be classified as a cardiac emergency
that requires immediate diagnosis and management. This
condition is defined as an abnormal accumulation of fluid or
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gas in the pericardial sac, compromising the myocardial con-
tractility, heart pumping flow, and systemic perfusion. It is one
of the most common clinical presentations of penetrating
chest trauma. The poor prognosis is directly proportional to
delay on diagnosis. When classified as moderate to severe, it
is not unusual that the patient develops severe dyspnea and
chest pain, as shown in our report. Cardiac tamponade should
be suspected in every patient who presents pulsus paradoxus/
paradoxical pulse (a 10 mmHg decrease in the systolic blood
pressure during the inspiration), Kussmaul sign (paradoxical
elevation of the jugular venous distention/pressure during the
inspiration), and/or the classical Beck’s triad/acute compres-
sion triad, which is characterized by muffled heart sounds,
jugular venous distention, and hypotension. The prompt diag-
nosis and management may prevent the development of an
obstructive shock. Its usual treatment relies on performing a
pericardiocentesis (acute treatment that allows the patient to
remain hemodynamically stable) and posterior thoracotomy
or median sternotomy (a definitive treatment, which repairs
all the lesions that might be causing the cardiac tamponade).
In our case, the patient developed a severe cardiac tampon-
ade (secondary to the presence of an inferior vena cava filter
inside the right ventricle) and was promptly managed.

Bibliography

1. Athanasoulis CA, et al. Inferior vena caval filters: review of a
26-year single-center clinical experience. Radiology. [Online].
2000; 216:54-66. Available from: https://doi.org/10.1148/radiolog
y.216.1.r00j11254.

2. Caplin DM, et al. Quality improvement guidelines for perfor-
mance of inferior vena cava filter placement for the preven-
tion of pulmonary embolism. J Vasc Interv Radiol. [Online].
2011;22(11):1499-506. Available from: https://doi.org/10.1016/j.
jvir.2011.07012.

3. Soeiro AM, et al. Intracardiac embolization of inferior vena cava
filter associated with right atrium perforation and cardiac tam-


https://doi.org/10.1148/radiology.216.1.r00jl1254
https://doi.org/10.1148/radiology.216.1.r00jl1254
https://doi.org/10.1016/j.jvir.2011.07.012
https://doi.org/10.1016/j.jvir.2011.07.012

414  N.S. Ziebell et al.

ponade. Rev Bras Cir Cardiovasc. [Online]. 2014;29(2):285-8.
Available from: https://doi.org/10.5935/1678-9741.20140060.

4. Owens CA, et al. Endovascular retrieval of intracardiac inferior
vena cava filters: a review of published techniques. J Vasc Interv
Radiol. [Online].2009;20(11):1418-28. Available from: https://doi.
0rg/10.1016/.jvir.2009.08.001.

5. Weinberg I, Kaufman J, Jaff MR. Inferior vena cava filters. JACC
Cardiol Interv. [Online]. 2013;6(6):539-47 Available from: https://
doi.org/10.1016/j.jcin.2013.03.006.

6. Saeed I, Garcia M, McNicholas K. Right ventricular migration
of a recovery IVC filter’s fractured wire with subsequent peri-
cardial tamponade. Cardiovasc Intervent Radiol. [Online].
2006;29(4):685-6.  Available from: https://doi.org/10.1007/
$00270-005-0136-7.

7. Rossi P, et al. Fatal outcome in atrial migration of the tempofilter.
Cardiovac Intervent Radiol. [Online]. 1999;22:227-31. Available
from: https://doi.org/10.1007/s002709900372.

8. Nicholson W, et al. Prevalence of fracture and fragment emboli-
zation of Bard retrievable vena cava filters and clinical implica-
tions including cardiac perforation and tamponade. Arch Intern
Med. [Online]. 2010;170(20):1827-31. Available from: https://doi.
org/10.1001/archinternmed.2010.316.

9. Van Ha TG. Complications of inferior vena caval filters. Semin
Intervent Radiol. [Online]. 2006;23:150-5. Available from: https://
doi.org/10.1055/s-2006-941445.


https://doi.org/10.5935/1678-9741.20140060
https://doi.org/10.1016/j.jvir.2009.08.001
https://doi.org/10.1016/j.jvir.2009.08.001
https://doi.org/10.1016/j.jcin.2013.03.006
https://doi.org/10.1016/j.jcin.2013.03.006
https://doi.org/10.1007/s00270-005-0136-7
https://doi.org/10.1007/s00270-005-0136-7
https://doi.org/10.1007/s002709900372
https://doi.org/10.1001/archinternmed.2010.316
https://doi.org/10.1001/archinternmed.2010.316
https://doi.org/10.1055/s-2006-941445
https://doi.org/10.1055/s-2006-941445

Part XII
Valvular Heart Disease



Acute Mitral Valve ")
Insufficiency Due to Multiple

Trauma Accident

Vanessa Dias D’Avila Sperandio, Elisa Cao Bicalho,
Priscilla Gomes Tosta, and Melchior Luiz Lima

Clinical Presentation

Female, 37 years old, was admitted to the intensive care unit
(ICU) due to multiple trauma (car accident).

On admission, she presented posterior fracture of the 4th
to the 10th left ribs with hemothorax, splenic injury grade 111
(according to the scale of organ damage of the American
Association for the Surgery of Trauma — AAST), left renal
laceration grade I (also according to the AAST), and peripan-
creatic hematoma. She underwent chest tube drainage due to
left hemothorax, laparotomy with splenectomy, and raffia of
the liver and drainage by pneumothorax due to puncture
accident, in addition to antibiotic therapy with ceftriaxone
and cefepime later on suspicion of lung infection. After stabi-
lization of the patient, clinical history was taken, and physical
examination was performed. The patient was in good general
condition, with fever episodes. Sedation was performed with
fentanyl and midazolam and mechanical ventilation via an
endotracheal tube. The ventilatory examination was tachy-
dyspnea, with breath sounds reduced diffusely and saturation
of 92%. After cardiovascular physical examination, she was
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found with pulmonary hypertension (treated with sodium
nitroprusside — Nipride) and high blood pressure (treated
with losartan and atenolol).

Diagnosis, Assessment, and Treatment

After ninth day of admission, the patient developed acute
respiratory failure following extubation attempt, being
viewed foamy secretion in the endotracheal tube. Vasoactive
drugs were then required, due to refractory hypotension.
Transthoracic echocardiogram was perfomed was performed
which showed an image in the posterior leaflet of the mitral
valve, acute mitral regurgitation and acute heart failure. From
then we started antibiotic therapy with daptomycin, and we
requested assessment of cardiac surgery. On the same day, the
patient was sent to the operating room for an emergency
heart surgery. During the procedure envisioned is a laceration
of the papillary muscle of the mitral valve, and native valve
replacement with a bioprosthesis implant 29 mm is
performed.

The patient recovered well from the standpoint of cardiac
surgery but remained to show unexplained fever peaks. By
doing physical assessment, an extensive pressure ulcer grade
II was found, with fibrin tissue center and devitalized tissue
stuck in the sacral region. Patient also developed grade II
pressure ulcer in the right buttock.

Despite having the appropriate echocardiogram on the
fifth day of treatment, without dysfunction of the bioprosthe-
sis and with a left ventricle ejection fraction of 64%, the
patient developed mediastinal abscess. So she was treated
with debridement of the sternal wound washed with saline
and drainage of serohematic fluid, with progressive improve-
ment. After a long time of admission, the patient’s cardiac
condition improved and was discharged, following the guide-
lines, on the 14th day.
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Questions

1. Which signs of the cardiological semiology made it
possible to suspect a cardiac involvement in this patient?

The patient had a foamy secretion in the endotracheal tube,
which may indicate an acute cardiogenic pulmonary edema.
Moreover, he had tachydyspnea, decreased breath sounds,
and hypoxemia, favoring the diagnosis of this entity.

2. What would be a plausible explanation for the clinical
signs answered in the previous question?

Acute pulmonary edema of the patient’s case (later con-
firmed by chest X-ray showing suggestive infiltrate) was
probably caused by heart disease later confirmed by echocar-
diography, showing ruptured chordae tendineae with mitral
valve insufficiency.

Cardiogenic shock is characterized by decreased myocar-
dial contractility. This reduces cardiac output and blood pres-
sure, which in turn causes a reduction in coronary perfusion
leading to ischemia. The body uses several coping mecha-
nisms to face this problem, among them is vasodilation plus
increased left ventricular end-diastolic pressure, thereby
causing acute edema.

3. What is the therapeutic approach to clinical signs
answered in the first question?

The first step is to stabilize the patient. We should maintain
mean arterial pressure greater than 60 mmHg; carry oxygen
therapy with positive pressure ventilation, either by masks of
O,, nasal catheter, or endotracheal intubation; and still pro-
mote venodilation to increase venous return. The initial drug
therapy aims to reduce the preload using diuretics, such as
furosemide 1 mg/kg intravenously. Morphine is used at a dose
of 2-4 mg/kg being a transitional venodilator and also
decreases dyspnea and anxiety. If hypertension is detected,
antihypertensives through parenteral route are employed,
such as nitroglycerin, from 5 to 10 mcg/min, or sodium
nitroprusside.
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4. What are the main findings in cardiovascular physical
examination that can be found in patients with mitral
regurgitation?

The main findings are the displacement of the apex (beat
stroke down and to the left), hypophonic first heart sound,
and holosystolic apical murmur that often radiates toward
the axilla. Moreover, one may develop pulmonary hyperten-
sion and right heart failure, as in the following.

5. What is the etiology of mitral regurgitation in the clinical
case exposed? Besides this, what are other causes for this
condition?

Laceration of the papillary muscle of the mitral valve. Other
causes are myocardial papillary muscle infarction, annular
calcification, endocarditis, myxomatous degeneration, colla-
gen vascular diseases, and rheumatic heart disease.

6. What happens to the blood flow within the heart in the
presence of mitral regurgitation? What is the ideal exam for
evaluation of the flow?

In mitral insufficiency, the valve prolapses into the left atrium
and may occur regurgitation of blood. In this condition, part
of the blood that passes through mitral valve performs the
anterograde and retrograde path, leading to the left chambers
overload. The test that better evaluates the blood flow is
transthoracic echocardiography with Doppler.

7. What is the main cause of mediastinal abscess? What are
the main risk factors for its development?

The median sternotomy, esophageal perforation, and deep
neck infections are the leading causes of mediastinal abscess.
Rare causes are pleural empyema, vertebral or costal osteo-
myelitis, and retroperitoneal or subphrenic abscesses. The
most significant risk factors are the use of internal thoracic
artery graft, diabetes mellitus, emergency operations, external
cardiac massage (resuscitation), obesity, postoperative shock,
multiple blood transfusions, prolonged cardiopulmonary
bypass or operation, reoperation, sternal dehiscence, and
technical factors (electrocautery abuse, bone wax, or para-
sternal access). Such factors are likely synergistic.
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8. What are the main etiological agents of postsurgical acute
mediastinitis and your best treatment?

Most cases (70-80% ) of postsurgical acute mediastinitis indi-
cate infection caused by gram-positive cocci, usually by
Staphylococcus aureus or Staphylococcus epidermidis.
Associated infections by gram-positive and negative occur in
about 40% of cases and gram-negative isolation are rare.

You must use specific treatment for the etiologic agent
after culture results guided by its sensitivity. Piperacillin-
tazobactam and vancomycin can be used as empiric treat-
ment. Patients allergic to penicillin can receive quinolones
and clindamycin.

Review About the Addressed Disease
or Treatment

Rupture of chordae tendineae is the most common cause of
acute mitral regurgitation. Most of these patients present
congestive heart failure (CHF) and rapidly progressive
increase in pulmonary capillary wedge pressure, requiring
surgical treatment. Performed with extracorporeal circulation
and general anesthesia, the procedure is the removal of the
native valve and replacement with a prosthesis which can be
mechanical or biological. The indications for selecting the
type of prosthesis depend on the individual patient.
Mechanical prosthesis is implanted in new patients whose life
expectancy is over 25 years, with necessity of anticoagulant
therapy for the rest of their lives. Bioprosthesis has the great
advantage of not needing anticoagulation but lasts approxi-
mately about 20 years. The patient’s surgery lasted 4 h and
30 min, with 65 min of cardiopulmonary bypass and 135 min
of perfusion. The surgery complications were severe hypoten-
sion due to anesthesia and complete atrioventricular block,
requiring ventricular pacemaker.

The prognosis of patients with severe regurgitation is poor,
and median survival is around 33% — in 8 years without sur-
gery — with a mortality rate of about 5% per year in the most
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severe cases; most deaths are related to heart failure or ven-
tricular arrhythmias.

Other complications associated with mitral regurgitation
include atrial fibrillation, cerebrovascular accident, transient
ischemic events, and predisposition to develop endocarditis.
Patients with mitral regurgitation due to rheumatic fever usu-
ally have associated mitral stenosis, which associates worse
prognosis. The atrial dilatation influences the prognosis in
patients primarily associated with atrial fibrillation. Patients
with ischemic dysfunction of papillary muscles also have
worse prognostic and require urgent intervention.

In cases of dilated cardiomyopathy, on which occurs annu-
lar dilatation and mitral regurgitation, are observed left ven-
tricle geometrical changes and systolic dysfunction, leading to
bad prognosis.
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Endocarditis:
The Precipitation
of a Mitral Insufficiency

Anna Luiza Amancio Vidal, Lucas Alves Bessa Cardoso,
Eduardo Teles de Lima Lopes, and Rodolpho Poeys Lima

Clinical Presentation

D.S.B.G,, 18 years old, female, scholar, born in Teixeiras,
Minas Gerais, Brazil, comes to the appointment complaining:
“I’'m feeling very tired and my hair is falling down.” During
the patient interview, she reports a progressive fatigue that
started 3 months ago, associated with lack of appetite (she
could only eat tomatoes and drink water) and a 10-kilo
weight loss. After a month having the disease, she began to
notice hair loss associated with fever, which was not mea-
sured. Two months later, little purplish spots appeared in her
hands and feet, lasting a week, which soon disappeared and
reappeared elsewhere. Currently, she is reporting fatigue on
minimal efforts, fever, and purple spots.

Previously healthy, she reports that she went to several
doctor appointments, who prescribed only symptomatic
treatments. In the past medical reports: tooth extraction
1 month before the opening frame and tooth root canal sur-
gery 6 years before. No family disease reported.
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At physical examination

No fever, tachycardia, pale 3+/4+, anemic 2+/4+, hydrated,
acyanosis, eupneic. Regular heart rhythm, with presence of S3
and holosystolic murmur 3+/6+, irradiating to the left axilla.
Nails with purple spots compatible with Janeway lesions.
Blood pressure of 100/60 mmHg, heart rate 130 bpm.

Diagnosis, Assessment, and Treatment

The fatigue on minimal efforts — that got better when she
was resting — drew attention to possible dysfunction of the
cardiovascular system; the suspicion was confirmed, with
important murmur auscultation during the physical exami-
nation. A fever with slurred evolution led to think about a
subacute bacterial infection or perhaps atypical bacteria. As
there was bacteremia caused by the dental procedure, the
etiology for the main symptoms may be common, which led
the hypothesis of bacterial endocarditis, which was rein-
forced with injuries consistent with Janeway spots. As bacte-
rial endocarditis is rare in patients with no previous valve
damage, a better knowing of her medical past was necessary.
She denied known cardiac defects, both at birth or acquired,
but reported history of multiple sore throats in childhood
and adolescence, most of which were untreated. Taking in
consideration the high prevalence of rheumatic fever in
Brazil, it was assumed that the cause for initial valve defor-
mity was a rheumatic fever episode caused by an untreated
bacterial tonsillitis.

With the suspicion of infectious endocarditis (IE), the
patient was admitted after consultation and evaluated for the
referred disease with complete blood count (CBC) applica-
tion, blood culture, electrocardiography (ECG), and trans-
esophageal echocardiography and went through an empiric
treatment with gentamicin and ampicillin. The CBC showed
anemia and leukocytosis with a left shift, suggestive of bacte-
rial infection, and ECG showed left ventricular hypertrophy,
later confirmed by echocardiography, and also vegetation



Endocarditis: The Precipitation of a Mitral Insufficiency 425

(8 mm). Culture showed infection by Streptococcus viridans.
With these results, there were two major criteria for IE (Duke
criteria); thus the disease could be diagnosed. The first treat-
ment option was valvuloplasty surgery, but after discussion
between the surgical team and the patient, the approach cho-
sen was a valve replacement, with the use of a biological one,
to allow future pregnancy.

Questions

1. What is the pathophysiology of infectious endocarditis?

The characteristic lesion of infectious endocarditis is vegeta-
tion which is composed of platelets, fibrin, microorganisms,
and inflammatory cells. Pathogenic bacteria are concentrated
in the core of the vegetation, being covered with fibrin layers,
thus impairing the action on neutrophils agents.

Symptoms reflect the existing infectious process, the
mechanical changes resulting from local growth of vegeta-
tion, septic embolization, and circulating immune complexes.

The origin of the vegetation takes place in the presence of
endothelial injury, which is derived from any abnormal heart
chamber (e.g., ventricular septal defect, valvular insufficiency
and stenosis, presence of prostheses, or installed catheters)
and/or the state of presence of hypercoagulability (this factor
is less commonly found in autopsy findings). The first step to
formthe vegetationis called Non-Bacterial Thrombocytopenic
Endocarditis (NBTE), being fostered by: (1) the impact of
high-speed jet with the damaged wall of the chamber, (2) the
flow between chambers with a high pressure gradient (3) flow
through a narrowed orifice on high speed. An inflammatory
process damages the endothelium, which releases cytokines
and recruits and activates a fibrin coagulation cascade, pro-
gressively increasing the thrombus.

The vegetation is formed facing the chamber with lower
pressure, because of that, atrioventricular lesions form in the
atrium and injuries of semilunar valves are formed in the
respective ventricles.
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With NBTE, the pathogenic microorganism may aggregate
itself to the already formed thrombus, initiating the process of
infective endocarditis. The origin of this germ is undeter-
mined, usually originating from a damage to the mucosa that
carries bacteria into the circulation (in this context, damages
to the oral mucosa have great relevance). For the aggregation
of the microorganism, it needs to be resistant to the bacteri-
cidal activity mediated by a complement of the immune sys-
tem. The mechanism of aggregation of microorganisms is
dependent on adhesion molecules called adhesins. The adhes-
ins act on fibronectin, a glycoprotein produced by the endo-
thelium, in response to the damage, making the connection
between the fibrinogen and the endothelial collagen. Thus,
when the germs bind to fibronectin, they adhere to both the
fibrinogen and the endothelial collagen, remaining stable
within the vegetation.

Once joined, the virulent organisms can be internalized to
the endothelial cells, promoting their proliferation, which
lyses the host cells, thereby increasing the agent population
and stimulating new fibrin deposition and plaque stretching
at the site of lysed cells, creating a feedback where more
fibrin deposit facilitates more cell infections, and those, when
lysed, create more fibrin. With the rapid growth plate associ-
ated with hyperproliferation of pathogens, there is the possi-
bility of fragmentation and gelatinous or septic embolization
of the thrombus, resulting in infarction and/or infection.

Intracardiac consequences range from vegetation without
tissue damage associated with leaflet lesions to chordae rup-
ture, which narrows the valve opening, not all patients with
chordae rupture generates a congestive heart failure. It is also
possible that the local spread of infection can create abscesses,
which disrupt the cardiac conduction system, leading to
arrhythmias and electrocardiogram changes and the possibil-
ity of purulent pericarditis.

2. What are the risk factors for infectious endocarditis?
Since the 1950s, a major shift in the paradigms related to

microbiology and risk factors of the disease has occurred;
however, the overall incidence of IE keeps around 3-9 per
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100,000 individuals, with a mortality of about 25%. The use
of prosthetic valves, both natural and mechanical, is the great-
est risk factor for the disease. It can be distinguished in two
groups: natural valve endocarditis and prosthetic valves.

Urban populations are more affected than rural ones, which
may reflect certain socioeconomic factors, such as injecting
drug use and higher rates of hospitalization (with consequent
nosocomial infection). Endocarditis in natural valves is more
prevalent in men at a ratio of 1.7:1. Regarding the average age,
the last decades quite changed the scenario of the disease: in
the early 1940s, the average age of those affected was 35 years
old, and only 10% were over 60 years old. Today, the average
age is 55 years old, and 50% of the patients are older than
60 years old. This change can be attributed to:

Reduction in the incidence of rheumatic heart disease in
childhood with the use of treatment of streptococcal
infections

Longevity of patients with heart disease and rheumatic
injury due to surgical technology advances

Increase of degenerative heart diseases, especially in
elderly patients

Use of invasive therapeutic interventions (e.g., catheters,
pacemakers, and hemodialysis) that affect older patients,
increasing the risk of nosocomial infection

Valve prostheses, which usually appear in older patients

Preexisting heart conditions are high-risk indicators for IE
(because they represent the endothelial damage which is the
basis of the pathogenesis of the disease). The American Heart
Association (AHA) proposes the following classification:

High risk: presence of prosthetic valve, previous endocar-
ditis, congenital cyanotic heart disease and pulmonary
systemic shunts surgically performed

Moderate risk: cardiac birth defects, acquired valvular dys-
function (including rheumatic ones), hypertrophic car-
diomyopathy, and mitral valve prolapse

The prosthetic valve endocarditis (PVE) is the most severe
form, which affects from 1% to 6% of patients who under-
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went the exchange, with no predilection for mechanical or
biological prostheses. Nosocomial infections are responsible
for 37% of cases of PVE.

3. What are the surgical indications to infectious
endocarditis? (Table 1)

The indication for surgical procedure in asymptomatic
patients remains controversial, even with large vegetation or
other comorbidities. So, in these cases, the need and time for
surgery are a surgeon’s criteria. On the other hand, with
severe impairment of the valve, or symptomatic patients, sur-
gical approach is considered the only curative one.

In some occasions, the intervention has to be immediate, as
with an infection by Staphylococcus aureus or by fungus. In
cases of fungal infection associated with mycotic aneurysm,
causing hemorrhagic stroke, the surgery has to be delayed for
4 weeks to lower the risks of intracranial hemorrhage.

During the surgery, after exposure, the infected tissue is
debrided to remove all the infection, and based on the left

TaBLE 1 Surgical indications for native endocarditis and prosthetic
valve endocarditis

1 Severe mitral regurgitation, with or without symptoms of
congestive heart failure

2 Uncontrolled sepsis despite proper antibiotic therapy
3 Presence of an antibiotic-resistant organism

4 Fungal endocarditis or endocarditis caused by S. aureus or
gram-negative bacteria

5 Presence of mitral annular abscess, extension of infection to
intervalvular fibrous body, or formation of intracardiac fistulas

6 Onset of a new conduction disturbance

7 Large vegetations (>1cm), particularly those that are mobile
and located on the anterior leaflet and thus at high risk for
embolic complications

8 Multiple emboli despite appropriate antibiotic therapy
Table adapted from Cohn [3]
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tissue, the reconstruction technique is chosen. During the
debridement, abscesses, fistulas, and fibrosis of intervalvular
tissue have to be observed, and all the infected tissue has to
be removed. After the debridement, if the reconstruction of
the valve is possible without tension on the tissue, repair
should be made; otherwise replacement is indicated.

If the repair is possible, the technique depends on the
extension of leaflet affected. In the anterior repair, the autol-
ogous tissue from pericardium is used, but the posterior
repair is made by quadrangular resection of the middle scal-
lop (Figs. 1 and 2).

4. In rheumatic mitral disease, how is the surgical approach?

The rheumatic mitral valve repair aims to restore the valve
mobility and keep its function, reducing the regurgitation in
several cases.

The procedure consists in debriding calcifications and
scars, in papillary muscle and chordae.

The annuloplasty is indicated when the regurgitation com-
promises the daily activities (patients classified as 11, III, and
IV by New York Heart Association). And valvular replace-
ment is indicated when the mitral valve area is 1 cm? or less,

FiGUure 1 Anterior leaflet (autologous pericardium) and posterior
annuloplasty
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FIGURE 2 Repair of posterior mitral leaflet by quadrangular resec-
tion. (a) Resection of infected tissue. (b) A portion on both sides of
the resected part of the annulus is detached, and (c) the remaining
parts of the leaflet are sutured to the annulus and posteriorly are
reapproximated

but in case of mixed lesion (stenosis + regurgitation), this
indication is not used, once the patient can be symptomatic
with less commitment.

As stated above, the choice of annuloplasty, or replace-
ment, is multifactorial, but if the repair is possible, it should
be done because it usually has better results.

5. The patient has been under a valve replacement. Was the
replacement result better than the plastic? Why?

The choice is made based on the abnormality of the appara-
tus, clinical repercussion, surgeon’s ability, and other factors.
Nonetheless, the valve plastic is preferred over the replace-
ment, because of better results.
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Some patients in which the replacement was done had left
ventricular function deteriorated, contributing to increased
mortality and morbidity, i.e., cases with the discontinued
valve-chordae-myocardium, where deformities and impaired
left ventricle ejection are not rare. In addition, there are risks
inherent to surgical intervention, such as endocarditis, use of
anticoagulants in mechanical valves, and thromboembolism
in biological valves.

The patient had a severe mixed lesion (stenosis + regurgi-
tation) and was symptomatic, so the plastic one was not
chosen.

6. Why the biological valve was indicated for the patient?

When the valve replacement is indicated, bioprosthetic or
mechanical valves can be used. The mechanical valves last
longer and usually do not need changes, and biological valves
periodically need replacement. The changing time of the
prosthetic valve depends on the age of the patient: in younger
patients, the replacement is earlier.

The bioprosthetic valves can be porcine or pericardial;
both have the same duration, but the pericardial valve has
better hemodynamic results. The bioprosthetic valves are
recommended in patients who have to avoid anticoagulation
therapy, such as patients with gastrointestinal bleeding, preg-
nant women, and in renal chronic failure and hypercalcemia
caused by hyperthyroidism.

The patient of the case manifested the desire of being
pregnant in the future. So, considering possible future preg-
nancy complications, bioprosthetic valve was used, although
it requires new future replacements in young patients due to
valve degeneration.
7.What are the complications of the mitral valve
replacement?

Multiple complications are possible in mitral valve replace-
ment: valve calcifications are not rare, as myocardial infarction,
arrhythmias, endocarditis, and low cardiac debit and shock
can happen during or after this cardiac procedure.

Other systems frequently affected are nervous, respiratory,
and renal ones.
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8. What is the prophylaxis for endocarditis in the entail
procedures?

The AHA and the American College of Cardiology (ACC)
point dental procedures as high risk for the formation of endo-
carditis in patients already susceptible to IE. These organiza-
tions recommend the use of penicillin prophylaxis in procedures
that handle gingival tissue or periapical region of the teeth or
perforation of the oral mucosa, due to the fact that mucosa
houses a large number of bacterial pathogens that, when
released into the circulation, have high potential for bacterial
aggregation in an injured cardiac site. Procedures in the lung
and at genitourinary and gastrointestinal sites are considered
of lesser importance and not always in need of prophylaxis.

With age profile changes in the population and expansion
of risk factors to the disease, the profile of the main germs
had great change involvement. The are about 50 germs that
can cause IE but, Streptococcus viridans was the main identi-
fied agent (about 80% of cases), in association with major
infection of injured natural valves (for rheumatic or congeni-
tal heart lesion) in young patients.

Considering the higher rate of treatment for streptococcal
infections and increased longevity of the population, which is
subjected to more invasive risk procedures (prosthetic valve
replacement, catheterization, dialysis, dental procedures, etc.)
and intravenous drug use, Staphylococcus aureus has gained
greater importance in the IE scenario. It is currently primar-
ily responsible for the framework of the training (30% of
community cases and 46% of hospital). This change profile,
negative coagulase Staphylococcus, also gained a lot of space
in the pathogenesis of the disease, mainly in tangent to hospi-
tal invasive procedures (catheter and parenteral nutrition).

Review About the Addressed Disease
or Treatment

Valve regurgitation (or insufficiency) is defined as abnormal
reversal of blood through an incompetent valve. In theory,
any valve can be affected; however, those affecting the left
heart (aortic and mitral valves) are more common.
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In the mitral regurgitation (MR), which was observed in
the patient, the symptomatology depends on the patient’s
atrial complacency. In decreased or normal complacency
(usually in acute cases of MR), the atrium does not have time
to adjust to the regurgitant volume, thus, increasing its pres-
sure rapidly to a relatively small volume, causing symptoms
of heart failure. On the other hand, the increased compla-
cency (more common in chronic cases) causes a greater
accommodation of blood on the left side, and it dilates the
left heart, usually leading to symptoms of low cardiac output.
It is worth mentioning that most patients have combinations
of both situations.

The treatment of MR dependents on the functional class of
New York Heart Association and presence of ventricular dys-
function. The surgical treatment is indicated in any symptomatic
patient (classes II to IV) or in the asymptomatic patients with
alterations of left ventricular function or dimensions. The clinical
treatment is usually used in patients who cannot undergo sur-
gery or await on it, with purpose of improving symptoms.

Valve regurgitation has several etiologies; all have a degree
of involvement with structures of the valve apparatus (leaflets,
annulus, chordae tendineae, and papillary muscles). Those
alterations can be caused by a large spectrum of diseases, i.e.,
Marfan syndrome, valve prolapse, rheumatic fever, and endo-
carditis. In developed countries, such as the USA, the most
common cause of MR is mitral valve prolapse, while in Brazil,
it is theumatic fever. This knowledge is important because the
recognition of MR can lead to the diagnosis of other diseases.

In rheumatic fever, the valve damage is caused by molecu-
lar mimicry by pathogens, usually bacteria found in the
mouth or in the superior airway. Therefore, it is recom-
mended the use of penicillin prophylaxis in dental procedures
and the correct treatment of bacterial tonsillitis. The diagno-
sis of rheumatic fever is given by Jones criteria. Because of
the lesion in the valve apparatus, rheumatic fever is an impor-
tant risk factor for the development of IE.

IE is very rare in patients without prior valve lesion, so as
soon as it is diagnosed, a more detailed investigation of the
patient’s past is necessary. The installation of endocarditis
leads to the destruction of the valve apparatus due to bacterial
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growth, besides the possible embolization that will affect
other organs and systems. It can worsen the already damaged
heart and/or create other symptoms. Duke criteria are used
for your diagnosis.
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Valvular Commitment
in Hunter Syndrome

Manuela Xavier Cajado Sampaio, Pedro Guimaraes Silva,
Eugénio Antonio Mascarenhas Colonnezy,
Roque Aras Jinior, and André Mauricio Souza Fernandes

Clinical Presentation

A 30-year-old white patient with a history of rheumatic fever
during his teenage years was admitted at the hospital after
being referred by his general practitioner. He had a 6-month
story of dyspnea on exertion, which at first occurred during
his regular activities, but had been recently presenting on
minimal efforts. The patient reported that he has been having
such episodes of “fatigue” for almost 10 years, which were
more pronounced during periods of great exertion and were
accompanied by pallor and lipothymia. At the occasion, it
was detected that both aortic and mitral valves were commit-
ted by lesions that suggested a valvulopathy of probable
rheumatic origin. He was then oriented to undergo a surgery
for the replacement of both mitral and aortic valves.
Nevertheless, the patient refused to submit to surgical treat-
ment at first, maintaining only his clinical vigilance at the
referred hospital. He started taking up monthly doses of ben-
zathine penicillin as a prophylaxis for rheumatic heart disease
since the time of diagnosis, but did not undergo any other sort
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of treatment. A previous transthoracic echocardiogram
(TTE) and a recent transesophageal echocardiography (TEE)
performed with an interval of 6 years showed an important
progression of the preestablished valvular lesions, which were
compatible with the development of the symptoms referred
by the patient. He also complained about a severe diffuse
arthralgia, with an important limitation of articular move-
ments, from which he has been suffering for as long as he
could remember. As far as his medical history is concerned,
the patient presented a series of deformities that trace back
to the time of his infancy, such as thoracic-wall dysmorphism
(pectus excavatum), bilateral reduction of visual acuity,
abnormal gait, and multiple permanent osteoarticular defor-
mities. In the past, he was evaluated by a neurologist, who
tried to perform a genetic investigation of his malady, but did
not go on. Both the patient and the family reported no cogni-
tive deficit or developmental delay when compared to people
of the same age and locality. There was no report of another
known case of genetic disease in the family.

At the physical examination, the patient presented good
general aspect, with preserved orientation of time/space; eup-
neic, with pink/red and hydrated mucosae; afebrile, anicteric;
and acyanotic. Anthropometric data was normal, and vital
signs were stable. At inspection, several dysmorphisms could
be perceived: large-bridged nose with a saddlelike morphol-
ogy, rude facial expressions, deformed dental arcade with
short and protruding teeth, asymmetrical pectus excavatum,
kyphoscoliosis with a right-sided deflection, long superior
and inferior limbs with articular misalignment, rigidity, thick
fingers, and a “claw-like” disposition of both hands.

During cardiovascular assessment, he presented a moving
precordium, with a palpable ictus at the encounter of the 6th
intercostal space and the anterior axillary line, second heart
sound split, and hyperphonetic pulmonary component. At the
aortic auscultation site, it was perceived a diamond-shaped
mid-systolic murmur (4+/6+), associated with palpable fremi-
tus, radiating to the neck. No jugular distention was detected.
The abdomen presented prominent and tender hepatomeg-
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aly (2 cm off the costal border) and splenomegaly (dullness
on percussion of Traube’s area) along with a non-tender indi-
rect inguinal herniation on the right side. Both lower and
upper extremities presented no signs of edema nor
hypoperfusion.

Diagnosis, Assessment, and Treatment

During follow-up, the patient eventually accepted a surgical
approach to his heart disease and then was submitted to a
cardiac surgery for the replacement of his compromised aor-
tic valve by a metallic prosthesis.

The performed X-ray images obtained corroborated with
abnormal osteoarticular deformities (1-2), along with the
suspected presence of an enlarged left ventricle (Figs. 1, 2,
and 3), which was confirmed by a 12-lead ECG (Fig. 4).

FiGure 1 X-ray imaging of the patient’s skull and cervical spine.
Notice the areas of altered bone density in the superior dental arcade
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Ficure 2 X-ray images of the patient’s thoracic and lumbar verte-
brae, confirming the finding during physical examination

Questions

1. What kind of valvular commitment is most related to
rheumatic heart disease, and what is its most common
clinical presentation?

The valves most affected by rheumatic fever, in order, are the
mitral, aortic, tricuspid, and pulmonary. In most cases, the
mitral valve is involved with one or more from the other
three. In acute disease, small thrombi form along the lines of
valve closure. In chronic disease, there are thickening and
fibrosis of the valve resulting in stenosis or, less commonly,
regurgitation [7].

2. What is the pathophysiology related to rheumatic heart
disease?

Rheumatic fever is a late inflammatory and nonsuppurative
complication of pharyngitis caused by group A-hemolytic
streptococci. Rheumatic fever results from humoral- and
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FIGURE 3 An X-ray of the patient’s chest, in which it is immediately
perceived as an enlarged mediastinum, a cardiac figure, and a con-
gestive pattern of the pulmonary vessels

cellular-mediated immune responses occurring 1-3 weeks
after the onset of streptococcal pharyngitis. Streptococcal
proteins display molecular mimicry recognized by the immune
system, especially bacterial M-proteins and human cardiac
antigens such as myosin and valvular endothelium. Antimyosin
antibody recognizes laminin, an extracellular matrix alpha-
helix coiled protein, which is part of the valve basement
membrane structure [1].



440 M. X. C. Sampaio et al.

o1 pu 10 e e

10 avL 10 aVF 10

10 vz fiio A i vi [0
—rd (M /\ / ' J '
1 / ; /
W | il ] L—V‘_“ SSRCIRY (R | V] —n] 4
i \ I
i | l Il
1
| | )
§ Li i i i :
10 vs 10 vé 10

SRR s LR et QG e el e S

FIGUre 4 An ECG in which there is a clear pattern of left ventricu-
lar hypertrophy (notice the presence of the “strain pattern” in leads
V5 and V6, along with the high R waves and the deep S waves in V1
to V3)

3. How would you manage a patient whom you suspect that
suffers from a rheumatic valvulopathy?

The diagnosis of rheumatic fever is clinical and there is no
specific exam. The Jones’s criteria is the gold standard, for the
diagnosis of the first outbreak/manifestation of the RF. They
are divided on major and minor diagnostic criteria, and the
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diagnosis is made with two major or one major and two
minor criteria, which are:

e Major diagnostic criteria: carditis, polyarthritis, chorea,
erythema marginatum, subcutaneous nodules

e Minor diagnostic criteria: fever, arthralgia, previous rheu-
matic fever or rheumatic heart disease, acute phase reac-
tions, erythrocyte sedimentation rate/C-reactive protein/
leukocytosis, prolonged PR interval

An electrocardiogram (ECG) and a chest X-ray are usu-
ally carried out in conjunction with a clinical examination.
TTE (transthoracic echocardiogram) is recommended in the
initial evaluation of patients with known or suspected valvu-
lopathy to confirm the diagnosis, establish etiology, deter-
mine severity, assess hemodynamic consequences, determine
prognosis, and evaluate for timing of intervention [9].

Despite the absence of a randomized comparison between
the results of valve replacement and repair, it is widely
accepted that, when feasible, valve repair is the optimal surgi-
cal treatment in patients with severe lesion.

The management of symptomatic patients depends on the
left ventricular dysfunction; if ejection fraction (EF) <30%, the
surgery is recommended (repair whenever possible); if
EF >30% and is refractory to medical therapy, the valve repair
should be considered; if EF >30% and it is not refractory to
medical therapy, the treatment of heart failure is extended. The
management of asymptomatic patients is controversial; how-
ever, surgery can be proposed if the valvular damage is severe.

The indication for antibiotic prophylaxis has been signifi-
cantly reduced in the recent European Society of Cardiology
guidelines [10].

4. What kind of genetic disease could be responsible for the
abovementioned physical deformities?

Marfan syndrome, Hunter syndrome (mucopolysaccharidosis
type 2), Rubinstein-Taybi syndrome

5. Is any single genetic disease a possible diagnosis for the
totality of this patient’s health problems?

Yes, it could be a case of Hunter syndrome.
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6. What is the pathophysiology of the mucopolysaccharidosis,
and what type is more related to this patient’s clinical
framework?

The mucopolysaccharidoses (MPSs) are inherited metabolic
disorders caused by genetic defects that result in the absence or
severe deficiency of one of the lysosomal hydrolases responsible
for the degradation of glycosaminoglycans (GAGs). MPSs are
part of the group of lysosomal storage disorders (LSDs) which
are all autosomal-recessive, with the exception of Hunter syn-
drome, or MPS II, which is an X-linked recessive disease [3].
Hunter syndrome is caused by a deficiency of iduronate
2-sulfatase (I2S, EC 3.1.6.13), which normally cleaves a sul-
fate group from the GAGs, heparan and dermatan sulfate. A
shortage of I2S leads to an accumulation of undegraded
GAGs within the lysosomes of various organs and tissues,
including the central nervous system (CNS) [3].
7. What further tests or exams would you perform in order to
obtain a diagnosis for this patient genetic disease?

Diagnosis is based on screening urinary glycosaminoglycans
and confirmation by measuring I2S activity and analyzing 12S
gene mutations.

8. What was the most probable cause of this patient cardiac
problem: his genetic disease or a rheumatic valvulopathy?

Because of the rarity of MPS, cardiac studies involving large
numbers of individuals with a particular type are uncommon.
Nevertheless, the prevalence and severity of cardiovascular
disease in individuals with MPS (especially MPS 1, II, and VI)
is strikingly high, occurring in 60-100% of those studied [4-
6]. Cardiac valve involvement appears more common in those
syndromes in which dermatan sulfate catabolism is deranged
(MPS L, 11, and VI but not MPS III and 1V) [4-6].
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Rheumatic Mitral Valve
Stenosis: A Surgical Case

Vitor Abaurre Amaral, Lissa Canedo Rocha,
Gabriel Donato Amorim, and Melchior Luiz Lima

Clinical Presentation

A 61-year-old woman came to a cardiology checkup consulta-
tion. She was asymptomatic at the time. Her blood pressure
was 122/67 mmHg, and the auscultation revealed an opening
snap associated with a diastolic murmur at the mitral area.

Diagnosis, Assessment, and Treatment

An electrocardiogram (ECG) was performed, and a first-
degree atrioventricular block (AVB) was found, without signs
of left ventricular overload. The patient had a history of rheu-
matic disease, which suggested, along with the ECG and aus-
cultation findings, a possible rheumatic mitral valve stenosis.
A series of tests were made including urinalysis, lipid profile,
glycemic profile, and complete blood count. Also, considering
the high possibility of mitral valve disease, an echocardiogram
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FiGure 1 Echocardiography photo of the four cardiac chambers
displaying severe mitral valve calcification

with Doppler (Figs. 1,2, and 3) was performed, with the follow-
ing results.

Structural Parameters

Aorta, 20 mmy; left atrium, 52 mm; right ventricular diameter,
24 mmy final diastolic diameter of the left ventricle, 40 mmy;
diastolic septal thickness, 9 mmy; diastolic thickness of the left
ventricle posterior wall, 8 mm; mitral valve area of 0.88 cm?2

Left atrium/aorta relation, 2.60; ejection fraction (Teichholz),
71%; ejection fraction (65%); left ventricular mass, 102 g; mass
index of the left ventricle, 68.08 g/m2; percent encurt cavidade,
40%; septum/pulmonary pressure of the left ventricle relation,
1.13; final diastolic volume of the left ventricle, 70 ml, final diastolic
volume index, 47 ml; systolic volume of the left ventricle, 50 mi;
volume/mass relation, 0.63 ml/g; final systolic volume, 20 ml

Left atrium volume index, 65; E/A relation, 0.94; E/e’ rela-
tion, 36, deceleration time, 745 ms
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Ficure 2 Echocardiography photo of the four cardiac chambers show-
ing turbulent flow at the left ventricle due to severe mitral stenosis

R
2 Vméax Ym 2.40 m/

Vméd VM 171 m/
maxPG VM 22.97 mmHg

Veloc E VM 211 m/

MV DecT 745 m
Rompa Des.VM 2.8 m/s
Veloc. A VM

E/AVM

AVM

FiGure 3 Pathologic mitral valve flow displaying important stenosis
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Severe increase of the left ventricle, normal myocardial con-
tractility at rest, severe mitral stenosis, minimum aortic and
mitral regurgitation, discreet pulmonary hypertension

Conclusions

Severe mitral stenosis, severe increase of the left atrium, pre-
served biventricular systolic function, discreet pulmonary arte-
rial hypertension

The echocardiogram with Doppler, as seen from Figs. 1, 2,
and 3, confirmed the hypothesis of severe mitral stenosis, with
intense calcification and area of 0.88 cm? At the time of this
evaluation, the patient was referring important dyspnea, even
at rest (leading to a NYHA 1V classification of heart failure).
How to proceed?

For a best intervention indication, the symptomatic mitral steno-
sis NYHA functional class III-IV fluxogram (Fig. 4) was fol-
lowed. Considering the valve area of 0.88 cm2 and non-favorable
valve morphology for PMBV (percutaneous mitral balloon val-
vuloplasty) and also that the patient was not a high-risk surgical
candidate, mitral valve replacement was indicated. Favoring
surgical intervention, the echocardiogram examiner concluded
in his report 12-point Wilkins score (Table 2). The types of valve
prosthesis were explained to the patient, and the surgical deci-
sion for a bioprosthesis was made considering her will.

With surgery indicated, some preoperative exams were
requested (Figs. 5, 6, and 7), with the following results.

Cineangiocoronariography

Coronary arteries without obstructive lesions

Blood Count

Surgery description

The patient was received in the operating room awake and
well. The anesthetist explained how the anesthesia would be
performed. Electrodes were placed in her back, followed by
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Symptomatic Mitral Stenosis
NYHA Functional Class llI-IV

| History, physical exam, CXR, ECG, 2D echo/Doppler |

Mild stenosis Moderate or
MVA > 1.5 cm? severe stenosis
MVA <1.5 cm?

Exercise

PASP > 66 mmHg
PAWP> 25 mmHg
MVG > 15 mmHg A4

No «— > Yes Class IIb

Valve morphology
favorable for PMBV?

No « » Yes

Look for l ¢
other causes Class |

A4

High-risk
surgical candidate?

; Consider
Not Yes —{ Class lla PMBV
Exclude LA clot,
3+ to 4+ MR

Mitral valve repair
or
MVR

Ficure 4 (Kirklin/Barratt-Boyes Cardiac Surgery, fourth edition)

peripheral venous catheterization with a Jelco 14 catheter
and radial artery catheterization for median blood pressure.

Anesthesia was induced with fentany 15 mcg/kg (using
15mcg/kg during the whole procedure), propofol 2 mg/kg
(followed by orotracheal intubation for mechanical ventila-
tion), and rocuronium for neuromuscular blockade with
0.6 mg/kg (plus 0.6mk/kg with the extracorporeal circulation).
General anesthesia was kept with both venous and gas (sevo-
flurane) anesthetics.

Bladder catheterization was performed with an 18 Foley
catheter. Then, her internal jugular vein was also catheterized
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FIGURE 5 Left coronary artery cineangiocoronariography showing
no significant obstructive lesions

using Seldinger’s technique to insert a triple-lumen catheter
for drug injection (e.g., sodium nitroprusside or norepineph-
rine). Asepsis and antisepsis were made and the surgical field
was assembled.

For this surgery, median sternotomy was performed, fol-
lowed by pericardiotomy and exposure of the heart. Purse
string sutures were made for superior and inferior vena cava
(simple purse string suture) and aorta (double purse string
suture) cannulation. For the aorta, a cannula number 22 was
used and for the venae cavae, cannulas number 3/8 were
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Ficure 6 Right coronary artery cineangiocoronariography showing
no significant obstructive lesions

inserted. The patient was heparinized (230 mg of heparin),
and extracorporeal circulation was initiated.

Priming hypothermia was not necessary. The priming had
the operation room’s temperature (about 23 degrees Celsius).
Antegrade hypothermic (15 degrees Celsius) hyperkalemic
cardioplegia was used through the ascending aorta. An aortic
clamp was placed and the cardiac chambers were all drained.

To approach the mitral valve, left atriotomy was made,
and, for better exposure of the sick valve, a Cooley’s retractor
was used. First, the left auricle was inspected looking for
blood thrombus. After that, the surgical inspection of the
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Blood count:

Eritrogram

Red blood CellS.............cc.uceeiiiiiiiiiieiiiiieee, 4.85mm3
Hemoglobin. ... 14.9 g/dL
Hematocrit.............ccooiiiiiiiiiiii 44.1%
MOV ..o 90.9 u3
MHC. ... 30.7 Pg
MCHC. ... 33.8%
BDW ... 13.1%
Leucogram

LOUKOCYLES. ... 10170mm3
Segmented neutrophils................c.ccoeiiiiiiiiiiinn. 55.5% ... 5644mm3
LYMPhOCYLES. ... 30.8% ... 3132mm?3
MONOCYLES. ... 10.6 % ... 1078 mm3
EOSINOPAIIS. ..o 2.5% ... 25mm?3
Platelets. ...........oeueeeeiii et 271,000mm?3
Prothrombin Time.................ccccooeiiiiiiiiiinan. 15.2...INR 1.14
Activated Partial Thromboplastin Time............ 22.5

GIUCOSE. ... 85 mg/dL

Total Cholesterol..................ccccocuveeiiiiiiinn. 226 mg/dL

HDL Cholesterol..............cccocoviiiiiianann. 52 mg/dL
Triglycerides. ...............ccccoeviiiiiiiiiiiiiiiaan... 119 mg/dL
Uréa......cccooviiiiiiiiiiiiiiiii 48 mg/dL
Creatinine..............cccceveiuiiiiiiiiiiiiiiiic 0.80 mg/dL

Uric acid..........c.ccoooveiiiiiiiiiiiiiiiiiiiii, 5.2 mg/dL

CalCiim. ... 10.3 mg/dL
Magnesium..............cccveeeiiiiiiiiiiiiin. 1.9 mg/dL

Aspartate transaminase........................... 32 U/L

Pyruvic transaminase. ........................... 30 U/L

Total bilirubin.................c.ccoiiiiiiiiiainn, 0.5 mg/dL

Direct bilirubin............... 0.1 mg/dL

Indirect bilirubin 0.4 mg/dL

FIGURE 7 Blood count and urinalysis
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Urinalysis: volume of 45ml, density of 1020, pH 6,0, coloration:
light yellow, clear, no others abnormalities.

AntiHBS. ... reagent
AntiHCV ..o, non reagent
AntiHBC IgG.........cc.eviiiiiiiii, non reagent
AntiHBC IgM..........cooiiiiiiiiiiii non reagent
HIViand2......cccoooviiiiiiiiiiiiiiiin non reagent
BloOd. ... AB negative
Coagulation time................c............. 5.40
Bleeding time (DUKE)....................... 1.10 minutes
SOQIUM. ..o 140 mmol/L
POtasSium..........ccccovvceeereeceeciieccee 4.5 mmol/L
Fibrinogen............cccocovevoeesceeseasiee 300.7 mg/dL

FiGUre 7 (continued)

mitral valve showed severe calcification on the anterior leaf-
let and commissures, leading to an intraoperative diagnosis
compatible with the echocardiographic one.

The anterior leaflet and commissures were removed and
all the calcium lumps carefully withdraw. Part of the posterior
leaflet was preserved, as well as the secondary chordae to
protect the posterior wall from disruption. As figured, the
disease was in a very advanced stage and the patient was at
imminent death risk.

Figure 8 (Cooley’s retractor)

Following the removal of the valve (Fig. 8), a biological pros-
thetic valve size 29 was implanted with the interrupted suture
technique (Fig. 9), and the final result can be seen in Fig. 10.

After checking for the correct prosthetic valve’s position,
the left atrium was sutured; cavitary air was removed as well
as the aortic clamp. Normothermic myocardial reperfusion
was initiated.

With the heartbeatings recovered, extracorporeal circula-
tion was interrupted. The cannulas were removed from the
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Ficure 8 Photography of the removed mitral valve anterior leaflet.
Severe calcification and thickness are displayed

aorta, superior vena cava, and inferior vena cava, and prot-
amine was injected to antagonize the effects of heparin.

Medium mediastinal drainage was installed, along with an
epicardial pacemaker. Hemostasis was checked and, after
suturing all planes, the procedure was over.

Surgery’s Stats

Patient’s age: 61 years old

— Patient’s stature: 147 cm

Patient’s weight: 575 kg

Corporal surface: 1500 m?

— Extracorporeal circulation time: 85 min
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— Aortic cross clamp time: 75 min
— No perioperative complications
— Post-extracorporeal circulation blood balance: -23 ml

She had a good recovery and was sent home after 1 week
and 2 days.

Questions

1. When surgery should be indicated in a patient with mitral
stenosis?

Surgery is indicated for symptomatic patients (NYHA func-
tional class I1I-IV) with any of the following contraindica-
tions to percutaneous mitral balloon valvuloplasty:
unfavorable valve anatomy (Wilkins score greater than 8
associated with calcification and insufficiency of the subval-
vular apparatus), presence of mitral lesion with moderate to
important insufficiency, concomitant tricuspid or aortic sig-
nificant valve disease, and persistent left atrial thrombus
(without resolution after adequate oral anticoagulation).
Surgery also benefits patients with moderate to important
mitral stenosis associated with important embolic events,
despite adequate anticoagulation therapy and those with CF
I or II, with severe pulmonary hypertension and without
favorable anatomy for percutaneous mitral balloon valvulo-
plasty. Patients with atrial fibrillation (AF) who will undergo
valve surgery may benefit from concomitant surgical treat-
ment of AF (as maze surgery or radiofrequency ablation).
2. What is the Wilkins score?

The Wilkins score (Table 1), described in 1988, consists in
echocardiographic assessment of the mitral valve with an
emphasis on the description of structural aspects. Four
parameters are considered: mobility of the leaflets, valvular
thickening, calcification degree, and involvement of the sub-
valvular apparatus. A degree of four points for each item
results in a score, which can range from 4 to 16 points. Patients
with lower Wilkins score or equal to 8 are candidates for
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TaBLE 1 Wilkins score
Subvalvular
Grade Mobility thickening Thickening Calcification
1 Highly Minimal Leaflets near A single
mobile thickening normal in area of
valve just below thickness increased
with only  the mitral (4-5 mm) echo
leaflet tips  leaflets brightness
restricted
2 Leaflet Thickening  Mid-leaflets Scattered
mid- and of chordal normal, areas of
base structures considerable  brightness
portions extending thickening
have up to one of margins
normal third of the  (5-8 mm)
mobility chordal
length
3 Valve Thickening  Thickening Brightness
continues extending extending extending
to move to the distal  though the into the
forward in  third of the  entire leaflet ~ midportion
diastole, cords (5-8 mm) of the
mainly leaflets
from the
base
4 No or Extensive Considerable  Extensive
minimal thickening thickening brightness
forward and of all leaflet through
movement shortening tissue (>8- much of the
of the of all 10 mm) leaflet tissue
leafletsin ~ chordal
diastole structures
extending
down to the
papillary
muscles

The total echocardiographic score was derived from an analysis of
mitral leaflet mobility, valvar and subvalvular thickening, and calci-
fication which were graded from 0 to 4 according to the above crite-
ria. This gave a total score of 0-16



458 V. A. Amaral et al.

percutaneous mitral valvuloplasty, in the absence of other
contraindications.

3. What types of prosthetic heart valves are available in the
treatment of mitral stenosis? How to choose which type
should be used?

There are two types of prostheses: the mechanical and
biological.

Mechanical valve prostheses are formed by metal rings
that support the discs, or balls cages, which could be of
Silastic®, metal, or pyrolytic carbon. They are subdivided into
prosthetic valve ball cage, double hemi-disc prosthesis, and
single-disc prosthesis.

The biological valve prostheses emerged as an alternative
to mechanical valves due to complications of permanent anti-
coagulation and high thrombogenic risk. They can be heter-
ologous, such as porcine prosthesis and bovine pericardium,
or homologous, which are subdivided into heterografts, when
removed from human cadaver tissues, and autografts, when
the non-valvular tissue is obtained from the patient.

The first stage of choice is the decision between a mechan-
ical and biological prosthesis, and the risks/benefits should be
taken into account. Factors that favor the use of the mechani-
cal one include patient desire, other anticoagulation indica-
tions, risk of rapid deterioration valve, and age <65 years, with
high life expectancy; bioprosthesis is favored with patient’s
desire, when optimized anticoagulant therapy is not possible,
age over 65 years and low life expectancy, and women of
childbearing age.

After defining the type of prosthesis, the doctor needs to
assess which of the mechanical has less thromboembolic risk
or which bioprosthesis has more durability. It is also impor-
tant to observe the hemodynamic performance and transpros-
thetic gradient.

4. How is rheumatic fever diagnosed?

The diagnosis of the rheumatic fever is clinical, with no
pathognomonic signal or specific exam. The laboratorial
exams, although nonspecific, support the diagnosis of the
inflammatory process and the streptococcal infection. The
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TaBLE 2 Guidelines for the diagnosis of an initial attack of rheu-
matic fever (1992)

Supporting evidence of

Major Minor antecedent group A

manifestations manifestations streptococcal infection

Carditis Clinical findings: Positive throat or rapid
Arthralgia streptococcal antigen test,
Fever OR

Elevated or rising

Polyarthritis Laboratory :
findings: streptococcal antibody
Sydenham Elevated acute titer
chorea
phase reactants
Erythema Erythrocyte
marginatum sedimentation
rate
C-reactive
protein
Subcutaneous Prolonged P-R
nodules interval

If supported by evidence of preceding group A streptococcal infec-
tion, the presence of two major manifestations or of one major and
two minor manifestations indicates a high probability of acute rheu-
matic fever

criteria of Jones, established in 1944, had its last modification
in 1992 and keeps being considered the “gold standard” for
the diagnosis of the first outbreak of rheumatic fever
(Table 2). The division of the criteria in major and minor is
based on the specificity and not in the frequency of the mani-
festation. The probability of the rheumatic fever is high when
there is evidence of previous streptococcal infection, deter-
mined by the elevation of antistreptolysin O titer, beyond the
presence of at least two major criteria or one major criterion
and two minor.

5. What are the main comorbidities resulting from rheumatic
heart disease?

Carditis is the most severe manifestation of rheumatic fever,
because it is the only one that can have long-term sequels and
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result in death. The cardiac involvement is characterized by
pancarditis; however, the valve lesions are responsible for the
clinic condition and prognostic. The pericardial involvement
is not usual, does not occur in isolation, and does not result in
constriction. The involvement of the endocardium (endocar-
ditis/valvulitis) which is the diagnostic hallmark of carditis
involves more often the mitral and aortic valves. In the acute
phase, the most frequent lesion is the mitral regurgitation,
and in second place comes the aortic regurgitation. On the
other hand, the valvular stenosis occurs lately, in the chronic
phase.

6. Is there prevention for rheumatic fever?

Rheumatic fever comes as a result of a non-treated pharyn-
gotonsillitis caused by the group A beta hemolytic
Streptococcus pyogenes. Thus, prevention for the rheumatic
disease is an effective treatment of the pharyngotonsillitis,
with benzathine penicillin or erythromycin. With the correct
clinical treatment, the patient will not develop the fever and
its complications.

7. Which complications are related to valve surgery?

After mitral valve repair, the anterior systolic movement can
influence negatively on the left ventricular fraction of ejec-
tion, and, in general, the incidence of thromboembolism is
low. About the surgery, the mortality is higher in procedures
of resuscitation, especially in reoperations. The most impor-
tant causes of morbidity and mortality are related with the
chronic myocardial dysfunction, thromboembolism, endocar-
ditis, bleeding by anticoagulants, and coronary artery
diseases.

8. Are there any other forms of treatment for mitral
stenosis?

Beyond the surgery, there are other options of treatment, as
the pharmacological and the percutaneous mitral balloon
valvuloplasty (PMBV). The drug therapy could just relieve
symptoms, without any direct effects on the fixed obstruction.
In case of mild mitral stenosis, with the patient asymptomatic
and in sinus rhythm, there is no need of specific pharmaco-
logical intervention. In patients with moderate to important
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mitral stenosis, pharmacological treatment could be displayed
while the patient waits for interventionist procedure, aiming
the improvement of the symptoms or controlling the compli-
cations (e.g., atrial fibrillation).

The PMBV has a high rate of success, which swings
between 80% and 95%. However, the obtainment of those
results requires an experienced and trained hemodynamic
team. The main contraindications to this technique are the
previous existence of moderate to important mitral insuffi-
ciency, left atrium thrombus, unfavorable Wilkins score
(above 8 points), presence of other concomitant valvulopa-
thies that require surgery treatment, and coronary artery
disease with indication of revascularization surgery
associated.
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Clinical Presentation

A 63-year-old physically active man diagnosed with aortic
stenosis 2 years ago started with dyspnea NYHA class II. The
physical examination showed a systolic murmur. His current
echocardiography showed severe aortic stenosis with a heav-
ily calcified tricuspid aortic valve (peak and mean gradient,
129/75 mmHg, respectively; peak velocity, 4.5 m/s; and valve
area, 0.9 cm?).

Diagnosis, Assessment, and Treatment

This was a low-risk surgical patient with a mean Society of
Thoracic Surgeons (STS) score of 0.97 Signs, symptoms, and
echocardiography findings confirmed severe aortic stenosis.
Because of the severe symptomatic aortic stenosis, surgery
was indicated. Open surgery was chosen because of the low
operation risk. Rapid deployment technique was preferred
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mainly because of the lower gradient with this prosthesis.
The surgery was performed in May 2016 at the Hospital de
Clinicas de Porto Alegre, Brazil, according to Dedeilias tech-
nique description [4]. After a median full sternotomy, a rou-
tine cannulation to the extracorporeal circulation was carried
out with aortic cannula at the distal part of the ascending
aorta and a two-stage venous cannula at the right atrium. The
cross clamp was applied as distal as possible in the ascending
aorta, and a transverse aortotomy was performed 1 cm distal
to the sinotubular junction (approximately 3.5 cm above the
valve ring), followed by direct cannulation of the coronary
ostium and delivering of cold hyperkalemic cardioplegia
solution (St. Thomas). After the calcified native aortic valve
leaflets were removed and the aortic annulus decalcified and
measured, three guiding sutures were positioned 2 mm below
the nadir of the native leaflet insertion line of each valve
sinus. These sutures were passed through the corresponding
eyelets in the prosthetic inflow ring, as a reference for align-
ment of the inflow section of the prosthesis with the insertion
plane of the native leaflets. The device is selected at the time
of operation with dedicated sizers, and the annulus diameter
should be more than 19 mm and less than 27 mm.

The prosthetic valve was released in two phases, first, the
inflow section of the valve, followed by the opening of the
outflow part (Fig. 1), and then a post-implant dilatation was
done with a balloon catheter at pressures of 4 atm for 30 s
(Fig. 2). Once the prosthesis was completely deployed, the
guiding sutures were removed.

Three-dimensional transesophageal echocardiography
performed by experienced echocardiographer was available
during all the procedure.

In order to allow expansion and anchorage of the device
and reduce migration risk, the ratio between the sinotubular
junction diameter and the aortic valve annulus couldn’t
exceed 1.3.

The procedure was performed with participation of a doc-
tor of the University of Graz in Austria. The cardiopulmonary
bypass time was 38 min and the cross-clamping time was



Sutureless Aortic Prosthesis Implantation: The First... 465

FIGURE 1 Sutureless valve after deployment

FiGure 2 Balloon accommodation of the sutureless valve with warm
saline
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30 min. Mechanical ventilation weaning, postoperative
bleeding control, and intensive care unit stay were carried out
according to the routine of the cardiovascular surgery postop-
erative care (48 h in ICU and 3 more days on the ward).

Postoperative echocardiography showed mean gradient
8 mmHg and there was no paravalvular leak.

The patient had favorable postoperative clinical course.
There was no major complication or atrioventricular block
determining need of pacemaker implant. He was discharged
on the Sth postoperative day.

Questions

1. What is a sutureless valve?

It is a self-expandable valve that does not suture to the aortic
annulus and consists of a nitinol cage and bovine pericardium
leaflets. It is collapsed into a delivery system at the time of
operation and is a rapid deployment device inserted through
an aortotomy.

2. What are the potential clinical indications?

It is indicated in low-risk physically active patients with
severe aortic stenosis, because of the low gradient during
exercise than the conventional prosthesis patients. It has been
shown to be beneficial in intermediate-risk patients in a gray
zone between conventional surgery and transcatheter aortic
valve implantation.

3. For what valve position it can be used?

So far, just for aortic position.
4. What are the potential advantages comparing to
conventional surgical valves?

Reducing the duration of the operation, length of hospitaliza-
tion, less blood transfusion which is ideal for combined
operation (double valve or valve and myocardial revascular-
ization). It is also very good for elderly people with a small
annulus due to excellent hemodynamic performance with
lower residual gradients.
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5. Are there contraindications?

Pure aortic insufficiency and a ratio >1,3 between the diam-
eter of the sinotubular junction and the annulus diameter.
This is measured by the preoperative transthoracic echocar-
diography. When the ascending aorta is dilated above this
ratio, there is a risk of device migration, and its use is contra-
indicated. When the annulus is less than 19 mm or more than
27 mm, the valve should not be used.

6. Should the native valve be removed before implanting this
device?

Yes. After opening the aorta, the calcified leaflets of the aor-
tic valve are removed and the calcium carefully removed.

7. How is the size selected?

After leaflet removal and decalcification, the device size is
chosen with dedicated sizers during the operation. There are
four valve sizes (small, medium, large, and extra large).

8. Are there studies on midterm durability?

There is a study, which was published in [7] with follow-up up
to 5 years showing that there is no structural valve
deterioration.

Review About the Addressed Disease or
Treatment

The constant search for less invasive surgery techniques is
extremely relevant for modern cardiovascular surgery. Once
the aortic stenosis is the most frequent valvular disease,
keeping pace with advances in its surgical treatment main-
tains a surgery group competitive and provides an opportu-
nity for patients to have access to the best treatments
available.

Even though worldwide several prospective studies and
systematic reviews have demonstrated safety and excellent
hemodynamic results with the Perceval sutureless
bioprosthesis, this device had not been used in Brazil yet. It’s
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a self-expanding bovine bioprosthesis valve mounted in a
nitinol stent and designed to preserve aortic sinuses and sino-
tubular junction.

When we compare the aortic valve replacement using
sutureless prosthesis with the conventional technique, we
realize not only significantly shorter aortic cross-clamping,
cardiopulmonary bypass, and surgery times but also less
blood transfusion required, lower intubation time, shorter
intensive care unit stay and hospital stay, and lower incidence
of postoperative atrial fibrillation and respiratory insuffi-
ciency. This lower rate of postoperative complications resulted
in reduced resource consumption in the sutureless group with
a total cost saving of approximately 25% [5].

It is worth mentioning that Brazil already has experimen-
tal studies in animal models in order to develop a similar
device but balloon expandable (Inovare Alpha prosthesis-
Braile Biomédica). The results were published in 2015 by
Gomes and demonstrated excellent clamping time (mean of
7 min, ranging from 6 to 10 min) and no paravalvular leak [6]
after the prosthesis implant. It is now ongoing in Brazil a trial
comparing Alpha (Braile biomedical sutureless device) with
conventional aortic valve replacement (AVR) in patients
with combined procedures. There is another sutureless valve
(INTUITY/EDWARDS) that has just been approved some
months ago for clinical use in Brazil. This device needs three
sutures to be tight at the nadir of each cusp.
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Clinical Presentation

Patient A.N.S.H., 43 years old, female, married, brown, born
and raised in the North-CE region. Previous medical history
includes hypertension, rheumatic fever, and a mechanical
mitral valve prosthesis for 7 years. Since the prosthesis, she
performs a continuous oral anticoagulation therapy, having
been asymptomatic during the clinical follow-up that she has
performed since the postoperative.

Recently, the patient started to present hypermenorrhea
and then she decided to look for her gynecologist. After that,
she was diagnosed with a uterine myoma, with a hysterec-
tomy indication. Shortly after, she was admitted in the local
hospital for performing the gynecological surgery, when she
was advised to discontinue oral anticoagulation for 5 days,
due to the procedure.

On the 4th day of anticoagulant suspension, however, it
evolved to orthopnea, chest pain, and dyspnea on medium
efforts (being characterized as a functional class III, accord-
ing to NYHA criteria).
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On the 5th day of hospitalization and drug discontinua-
tion, she showed worsening of symptoms and was referred to
the emergency department of cardiological service because
of her hemodynamic instability, with an episode of nausea
and vomiting, as well as intensification of chest pain and
respiratory distress (already considered functional class 1V,
according to the NYHA criteria).

On admission, the patient was with 90 x 60 mmHg of
blood pressure, heart rate of 8 bpm, symmetrical and full
pulses, axillary temperature 36 °C, respiratory rate 25 cycles/
min, and O, saturation 92%. In ectoscopy, the patient was
acyanotic, afebrile, anicteric, pallor, sweaty, hydrated, and
dyspneic, with atypical facies and poor general condition, but
was conscious, oriented, and active (Glasgow 15).

During the examination of the cardiovascular system, she
showed significant jugular venous distension and an ausculta-
tion with irregular heart rhythm, two times, with an important
systolic mitral murmur (3+/6+) and the absence of mitral
metallic click, without pericardial noises.

On examination of the respiratory system, the patient
showed an atypical chest and tachypnea, and the pulmonary
auscultation revealed vesicular murmur universally distrib-
uted with bibasilar crackles (suggesting pulmonary edema).

During abdominal evaluation, she presented flaccid abdo-
men, painless to palpation, with fluid sounds. Presented
extremities were well perfused, heated, and without edema.

Diagnosis, Assessment, and Treatment

Laboratory tests were ordered, which showed the following
results:

Hemogram [Hb, 10.4 g/dl; Ht, 33.6%; the presence of
anisocytosis, anisochromia, hypochromia, and

microcytosis]
Leukogram [leukocyte = 19.400/mm?; basophils = 0; eosin-
ophils = 0; metamyelocytes = 0; Bats = 1/mm?

targeted = 85/mm?
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Thromboram [336.000 platelets/mm?]

Creatinine = 1.5 mg/dl; GLUCOSE = 114 mg/dl;
UREA = 80 mg/dl;

Potassium = 4.7 mEq/l; SODIUM = 132 mEq/1

Urine [dark yellow color, cloudy, with a pH = 5, and the
presence of sediment with mucus filaments and hyaline

cylinders]
Coagulogram [prothrombin time = 28,1 s; prothrombin
activity = 49%; international normalized ratio

(IN.R.) = 2.46; part-time thromboplastin active = 39,8 s]

The patient was hospitalized in the intensive care unit,
where initiated a therapy with heparin in continuous infusion
pump. A colorful Doppler echocardiography was ordered,
performed 11 h after admission, which indicated the presence
of metallic prosthesis in the mitral position with significant
dysfunction and greatly reduced mobility of their brochures,
with maximum systolic transvalvular gradient of 38 mmHg
and an average of 27 mmHg, indicating thrombosis
prosthesis.

Besides, a tricuspid valve with severe regurgitation, thick-
ened and failed in the coaptation of its leaflets, was found,
with a maximum gradient of 10 mmHg and an average of
4 mmHg. Systolic pulmonary artery pressure was equal to
60 mmHg and right ventricle with preserved function. The
mitral valve area by PHT (pressure half-time’s method or
Hatle’s method) was measured at 0,5cm?.

It was indicated, within an urgency character, a surgery for
replacement of the thrombosed mechanical prosthesis, which
was started 17 h after the arrival of the patient. A preopera-
tive electrocardiogram was performed, showing sinus rhythm,
cardiac frequency of 63 bpm, normal electrical axis, normal
AV and IV conduction, and some alterations of the ventricu-
lar repolarization (Fig. 1).

The surgery started with heparinization (4 mg/kg), establish-
ing of an extracorporeal circulation, replacing of the mechanical
prosthesis by a bioprosthesis number 25 St Jude (Fig. 2).
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FIGURE 1 Preoperative electrocardiogram

The analysis of the surgical piece demonstrated a mechani-
cal prosthesis waged by thrombi in both rocker switch of the
leaflets regions (as visible in Figs. 3 and 4).

The entrance laboratory tests were performed again, pre-
senting without changes. The patient was released from the
ICU on the 12th postoperative day and from the ward on the
next day, being driven on outpatient periodic control for clini-
cal evaluation.
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FiGurE 2 Prosthesis view during surgery
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FIGURE 3 Mechanical prosthesis after excision
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FIGURE 4 Mechanical prosthesis with evident thrombosis areas

Questions

1. What is the major etiology of the prosthetic valve
thrombosis?

The main cause of prosthesis thrombosis is an improper anti-
coagulation or an inadvertent discontinuation of medication,
which can be found in up to 82% of cases. Traditionally, we
indicate the surgical valve replacement, but the morbidity
and mortality rates are high. Currently, the use of fibrinolytic
agents has become a therapeutic option especially for cases
that affect the right cardiac chambers.
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2.Is there any epidemiology defined for this pathology? Is
there any relation between the pathology development and
the type of prosthesis implanted in the patient’s first
procedure?

The incidence of thrombosis varies based on the effectiveness
of anticoagulation, with the type and location of the implanted
prosthesis and the presence of atrial fibrillation. In a meta-
analysis published in 1994, with 13.000 carriers of prosthetic
heart valves, the annual incidence of thrombosis was 0.2%,
with thromboembolic events occurred in 1.8% per year. This
incidence was higher in patients that received only antiplatelet
agents, occurring in 1.6% to 8.2% for thrombosis and throm-
boembolism. Studies show that patients with mitral prosthe-
sis had double risk for thrombosis when compared to patients
with aortic prosthesis, and metal prosthesis in the tricuspid
position had greater thrombogenicity. The “cage” metal pros-
thesis was the most thrombogenic. Other studies revealed
that the cases of obstruction of the prosthesis are more fre-
quent at 1 year after surgery.

3. Which are the main indications, relative contraindications,
and absolute contraindications of the anticoagulant therapy?

The main indications are:

1. Thrombosis of tricuspid prostheses: first choice of
treatment

2. Multiple valve surgeries or high surgical risk

3. Hemodynamically stable patients with double-disc pros-
thesis or recent onset of suggestive symptoms of prosthesis
thrombosis

4. Patients with inadequate anticoagulation due to special
situations (pregnancy, preparation for noncardiac surgery)

The absolute contraindications are:

. A history of hemorrhagic stroke or diabetic retinopathy
BP > 200 x 120 mmHg

. Presence of active internal bleeding

. Active infective endocarditis

. Recent head trauma

DA W
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The relative contraindications are:

. Gastrointestinal bleeding in the last 10 days

. Recent ischemic stroke (within previous 2 months)

. Large thrombus in the left atrium or in the prosthesis

. Prior exposure to thrombolytic therapy (within 1 year)

5. Pregnancy

4. In special cases, like pregnant patients, is there any specific
and more appropriate therapeutic scheme?

AW DN =

In all cases, we have to evaluate the risk benefit of using anti-
coagulant medication. In pregnant women, for example, there
is controversy about the best anticoagulation scheme. There
are no guidelines in order to define the best single or com-
bined treatment option face to the potential risks of throm-
bosis, because no evidence is available for the effectiveness
maternal side of fetal protection. The current recommenda-
tion has been for the replacement of warfarin in the first tri-
mester of pregnancy by heparin or low-molecular-weight
heparin (LMWH) until the 12th week of pregnancy. After
this gestational age, warfarin is reintroduced until the 36th
week of gestation, and later it is again replaced by LMWH
24 h before parturition. Literature data warns about the inef-
ficiency in the use of unfractionated heparin (UFH) subcuta-
neously in preventing metal prosthetic valve thrombosis
during pregnancy, due to difficulties in obtaining effective
anticoagulation, its control, and the adherence of the patient
to the drug. In other cases, we should assess the potency and
half-life of the drug of choice and its related adverse effects.
5. Which are the most dangerous complications of this
disease and what is the prognosis of these patients?

The existence of the thrombus, in itself, constitutes a serious
impairment that requires immediate intervention. However,
the complications related to prosthesis thrombosis include
systemic embolization, especially to the brain. The risk is
higher in mechanical prostheses in relation to biological,
mitral valve to the aortic, and early (less than 3 months after
surgery) in relation to late. The risk is increased by concomi-
tant risk factors for thromboembolism, such as atrial fibrilla-
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tion, ventricular dysfunction, left atrial dilatation, prior
thromboembolism, and hypercoagulable conditions. The out-
come is favorable when intervention is immediate.

6. What is the overall clinical picture presented by a patient
with prosthetic valve thrombosis?

The clinical presentation is variable. The patient may mani-
fest asymptomatically or even with extreme cases of cardio-
genic shock. Clinical assessment by history and cardiac
auscultation is the first step on the diagnosis of prosthesis
thrombosis. The most obvious clinical finding is the change of
pattern from opening-closing prosthesis click. There may also
be the appearance of a new systolic or diastolic murmur.
Most patients experience dyspnea in NYHA functional
classes III and IV, which can develop into acute pulmonary
edema; other presenting symptoms can occur such as sys-
temic embolism, dizziness, and angina pectoris. Systemic
embolism and acute pulmonary edema may be the first mani-
festation of the patient. At physical examination we can
observe new murmurs or change of the old murmur pattern.
Generally, the most common clinical manifestations are pro-
gressive exertional, dyspnea, and syncope.

7. Which are the diagnostic tools for prosthetic valve
thrombosis?

Before the introduction of Doppler echocardiography, fluo-
roscopy was considered the fastest and most accurate method
in the evaluation of mechanical prostheses. The exam shows
the mobility of the disc and the calculation of the opening
angle. It is performed in multiple projections, and the projec-
tion measurement is made using the maximum opening and
closing of the single-leaflet prosthesis. The Doppler echocar-
diography is a key part in the diagnosis of prosthesis obstruc-
tion. During this exam, in cases of mitral valve prosthesis
obstruction, the prosthesis becomes rounded, and a change of
the “E” opening point is one of the most important signs. In
the two-dimensional echocardiography, the mobility of the
mitral and tricuspid prostheses can be well assessed in the
apical four-chamber view. Generally, we observe in the
thrombotic occlusion an increased density on echoes on the
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prosthesis region. When found obstruction, gradient is usually
increased by the Doppler. In some special cases, we can better
confirm by transesophageal echocardiography. Nowadays,
there is consensus that cardiac catheterization is no longer
necessary to establish the diagnosis of thrombosis of the pros-
thesis and is still a bleeding risk if used combined with throm-
bolytic treatment.

8. What is the appropriate conduct for this disease and which
are the therapy success criteria?

Prosthesis thrombosis allows clinical treatment with throm-
bolytic or surgical therapy. It will be up to the medical
therapeutic decision. When thrombosis involves the tricuspid
valve or, much more rarely, the pulmonary valve, thromboly-
sis is the therapy of choice. Studies show low complications
in this group of patients, regardless of clinical presentation
(asymptomatic, mildly, or complete heart failure). When
thrombosis involves left valves (mitral and aortic), some con-
siderations must be made for choosing the best treatment.
All patients should undergo transesophageal echocardiogra-
phy before the definitive treatment, and the characteristics
of the thrombus should be evaluated. Thrombus <0.8 cm?
predicts successful thrombolysis. Therefore, for patients in
these conditions, regardless of functional class, i.e., from
asymptomatic to cardiogenic shock, and no matter what time
of thrombosis settlement, thrombolytic therapy can be con-
sidered as first choice. This consideration is not valid if the
patient has a history of stroke or present atrial fibrillation,
because the risk of complications is higher. When the patient
has a thrombus >0.8 cm?, surgery should be considered as the
first choice, unless the clinical conditions are unfavorable, as
in cardiogenic shock (which has a high surgical risk), making
thrombolysis, although potentially complicated, justified for
the patient. Also in cases where they do not have heart sur-
gery, thrombolysis may be an option, especially if there is
extreme clinical severity. The reoperation in these cases
increases the risk, with mortality rates ranging from 10% to
15% in some series. This surgical risk may be increased when
the patient is in unfavorable conditions, such as hemody-
namic instability.
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9. Which are the criteria of choosing a metal or biological
prosthetic valves? According to these criteria, could we
consider the patient’s first replacement (with a mechanical
valve) adequate? And now, was the new replacement
(changing the prosthesis from mechanical to biological) an
appropriate conduct?

The first step in this decision-making process is to choose
between a mechanical and a bioprosthetic valve. The most
important factors that should be considered in this first step
are the patient’s age, life expectancy, preference, indication/
contraindication for warfarin therapy, and comorbidities.
From the recent American College of Cardiology/American
Heart Association and European guidelines, the importance
given to patient age has been reduced, whereas much greater
importance is now given to the patient’s preference.

The criteria in favor of using a mechanical valve include
the following:

1. The informed patient wants a mechanical valve and has no
contraindication for long-term anticoagulation.

2. The patient is already on anticoagulation (mechanical
prosthesis in another position or at high risk for
thromboembolism);

3. The patient is at risk of accelerated bioprosthesis structural
deterioration (young age, hyperparathyroidism, renal
insufficiency).

4. The patients is <65 years of age and has a long life
expectancy.

On the other hand, a bioprosthesis may be preferred in the
following situations:

1. The informed patient wants a bioprosthesis.

2. Good-quality anticoagulation is unavailable (contraindica-
tion or high risk, compliance problems, lifestyle).

3. The patient is >65 years of age and/or has limited life
expectancy.

4. The patient is a woman of childbearing age.

Bioprostheses degenerate more rapidly in young patients
and during pregnancy. Hence, a woman in her late 30s or
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early 40s who has completed her family should probably be
advised to have a mechanical valve.

As we see, the patient in our case was correctly recom-

mended for the mechanic valve in her first procedure.
However, in front of her disease (the thrombosis), looking at
her age and coagulation disturb, the current indication of
biological prosthesis should be considered correct to reduce
the actual risks of the patient.
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