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Preface

Over the recent decade, advancements and applications have progressed exponentially. This has led to the
increased interest in this field and projects are being conducted to enhance knowledge. The main objective of
this book is to present some of the critical challenges and provide insights into possible solutions. This book
will answer the varied questions that arise in the field and also provide an increased scope for furthering
studies.

Transplant hepatology is a subspecialty of gastroenterology that focuses on the treatment of chronic liver
disease. The liver performs a variety of crucial functions, such as producing bile to aid in digestion, converting
food into energy and eliminating toxins from the body. Transplant hepatology is the study of diseases that
lead to transplantation, the assessment of patients prior to transplantation, the assessment and treatment of
patients following transplantation, and management of transplant-related complications. It involves a thorough
understanding of hepatopathology and the diagnostic methods required to assess and treat individuals
in need of liver transplants. This medical specialty is also concerned with the management of issues like
infectious diseases associated with transplant and immunosuppression. This book unravels the recent studies
in hepatology and transplant hepatology. It presents researches and studies performed by experts across the
globe. For all readers who are interested in these areas of study, the case studies included in this book will
serve as an excellent guide to develop a comprehensive understanding,

I hope that this book, with its visionary approach, will be a valuable addition and will promote interest among
readers. Each of the authors has provided their extraordinary competence in their specific fields by providing
different perspectives as they come from diverse nations and regions. I thank them for their contributions.

Editor




Hepatology and Transplant Hepatology: A Case-Bazed Approach

Table 1 Size of DNA fragments following digestion with Apal and Tagl restriction enzymes

Restriction Size of restriction fragments and genotypes

hnynie Homozygous polymorphism Heterozygous polymorphism No polymorphism
Apal 531, 214bp (CCgenotype) 745,53, 214bp (CAgenotype)  745bp (AA genotype)
Tag| 200, 245, 205 bp (GG genotype) 495, 290, 245, 205 bp (GA genatype) 455, 245 bp (AA genotype)

Vitamin D is a systemic hormone which is involved in
the bone metabolism, but it also has a significant role in
immunoregulation and cellular differentiation. Addition-
ally, it has different anti-inflammatory and anticancer
mechanisms through the vitamin D receptor (VDR) [7].
Studies have attributed the anticancer effect of vitamin
D to its induction of cellular differentiation, prolifera-
tion, and angiogenesis inhibition, and hindering the pro-
gression of apoptosis as well [8].

The VDR is a nuclear hormone receptor that com-
bines with the active form of vitamin D (1,25(0H).Dy:
calcitriol) and reacts with characteristic nucleotide se-
quences of target genes to perform its final biologic ef-
fects. The VDR gene is quite polymorphic and located
on the 12q13.11 chromosome. Single nuclectide poly-
morphisms (SNPs) are frequently determined, and some
of them are linked to carcinogenesis [9, 10].

Currently, data on VDR polymorphisms and their rela-
tionship with HCC are limited and extremely discordant
[11]. As far as we know, there are a few published arti-
cles that have addressed such a relationship in Egyptian
patients with HCV-related liver cirrhosis.

Table 2 Baseline patient characteristics

Parameter Group F value
HCC- (n = 28) HCC+ (n = 48)

Age o
Mean = 50 575729 5694 = 682 0.736
Medizn (range) 545 (41-70) 55.5 (42-75)

Sex
Male (M) 20 (1 488) 36 (75500 0733
Female {F} 8 (2B.6%) 12 (25%)

Smoring 3 (1075 4 (8.3%) 0704

Hypernension B (2865 10 (20835 (444

Cizbetes mellitus 913215 17 (35.4%5) 0772

Child class
A 4 (14.355) B (1665 078
B 10 (35.7%0) 20 (41.7%)

C 14 (5054 20 141,785

MELD scone
Mean = 30 1682 £ 455 1602 = 535 0521
Hedian (rangs) 17.5 (8~25) 16 (5=31)

E{{Tﬁé-paroceﬂu_ur carcinoma —

P value < 0.05 i statistically significant

Methods

Seventy-six patients with HCV-related cirrhosis (56
males and 20 females, with age range 41-75 years) were
included during the period from May 2017 to December
2018 in a cross-sectional study.

Forty-eight patients had HCC on top of liver cirrhosis
[single or multiple more than 1cm] (group HCC+) (36
males (75%), mean age 56.94 + 6.82 years), while 28 pa-
tients had no HCC (group HCC-) (20 males (71.4%),
mean age 57.5 £ 7.29 years). The study protocol was ap-
proved by the ethics committee of our institute. In-
formed written consent was obtained from all patients
before inclusion in the study.

The exclusion criteria were the presence of other fac-
tors that could cause hepatocellular injury such as HBV
co-infection (HBsAg-negative), history of alcoholism,
autoimmune hepatitis (normal autoimmune markers;
smooth muscle antibodies (SMA), anti-nuclear anti-
bodies (ANA), and liver-kidney microsomal type 1 anti-
bodies (LKM-1)), primary cholangitis (serum bilirubin
and alkaline phosphatase levels, and MRCP in suspected
cases), and primary biliary cirrhosis (negative anti-
mitochondrial antibodies (AMA)).

All patients underwent complete medical history as-
sessment, clinical examination, laboratory investigations,
and abdominal ultrasonography. Abdominal triphasic
CT scan was done if a hepatic focal lesion was detected
on ultrasonography for the diagnosis of HCC.

The criteria for HCC diagnosis by CT were arterial
phase enhancement pattern with rapid washout in the
portal venous phase [12], liver disease severity estimated
by Child-Turcotte-Pugh (CTP) classification [13], and
model for end-stage liver disease (MELD) score [14].

Table 3 Distrbution of frequencies of VOR genotypes at Apal
and Tagl loci among the two groups

Parameter Group P value
HCC-(n=28)  HCC+ (n = 48)

Apal genatype
CC {n = 44} 6 (21 .495) 38 (79.19%) < 0.001
CAln =19 12 (429%) 7 {14.6%)
Ad (= 13) 10 [35.7%) 3 (63%)

Tagl genokype
GAln=13) 6 [21.49) & (12.5%) 0341
AA [n = B4) 22 (78.5%) 42 [B7.5%)

P value < 005 is statistically significant
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Detection of VDR polymorphisms

PCR (polymerase chain reaction)

Genomic DNA was obtained from the buffy coat col-
lected from EDTA blood using the QlAamp DNA Mini
Kits (QIAGEN, Milan, Italy). The Ap fragment of the
VDR pene containing the Apal and Tagql restriction sites
was amplified by PCR assay by using 200 ng of the gen-
omic DNA in a total reaction volume of 50 pL. The PCR
mix according to the manufacturer’s instructions con-
sisted of 25 uL of master mix (Bioline, England) and
2.5 uL. of each primer (10 pmol): forward (5'-CAGAGC
ATGGACAGGGAGCAA) and reverse (5°-GCAACTCC
TCATGGCTGAGGTCTC)®. Thirty-five cycles of ampli-
fication were performed in a thermal cycler (T Gradient
- Biometra). After the initial denaturation of DINA at 95
"C for 2 min, each cycle consisted of a denaturation step
at 94 °C for 455, optimization of the primer annealing
step modified to be at 58 *C for 1 min, an extension step
at 72 °C for 1 min, and a final extension step at 72 °C for
7 min following the last cycle [15].

PCR products were analyzed on 2% agarose gel stained
with ethidium bromide, The stained gels were visualized
and analyzed with a gel documentation system to assess
the size of PCR amplicon 745 bp.

RFLP assay (restriction fragment length polymorphism)

The amplified PCR products were then digested with the
restriction endonucleases (Apal and Tagl). For each
endonuclease digestion reaction, 21.5uL of the PCR
product was digested with 1 uL (10 U) of the restriction
enzyme Apal (Jena Bioscience, Germany) or Tagl (Jena
Bioscience, Germany), and 2.5 uL of restriction enzyme
buffer “1x.” The resulting reaction solution (25 pL) was
incubated at 37°C for 1h, then electrophoresed on 2%
ethidium bromide-stained agarose gel, and visualized
under UV illumination through a gel documentation sys-
tem. Through a direct comparison with 100-bp DNA
ladder (Jena Bioscience, Germany), the size of the DNA
fragments was assessed. The restriction fragments gener-
ated after digesting the target gene by Apal and Tagl re-
striction endonucleases are shown in Table 1.

Statistical analysis

Data were analyzed using the [BM SPSS Statistics for
Windows, version 25 (IBM Corp., Armonk, NY, USA).
Quantitative data were expressed as mean * standard
deviation, median, and range. Qualitative data were
expressed as number and percentage. Quantitative data
were tested for normality by the Shapiro- Wilk test. The

Lane 13

12 11 10 9 &8

ELPT

and 13 represent no polymarphism (AA genotype; 745 bp band)
, T

Fig. 1 Representative gel picture showing the PCR-RFLP analysis of Apal VDR gene polymorphism an ethigium bromide-stained 2% agarose gal,
M, marker (100 bp DMA ladden); lanes 4, 5, and 7 represent homozygous polymarphism (CC genotype: 531 and 214 bp bands); lanes 1, 2, 3.6, 8 9,




Mann=Whitney U test and Kruskal-Wallis H test were
used for data which were not normally distributed. Inde-
pendent samples ¢ test and one-way ANOVA test were
used for normally distributed data. The chi-square (y°)
test and Fisher's exact test were used for the comparison
of qualitative variables as appropriate. Linivariate and
multivariate binary logistic regression analyses were used
to determine the predictor variables of HCC. A 5% level
was chosen as a level of significance in all statistical tests
used in the study.

Results
The demographic variables, smoking status, comorbid
illness, some laboratory data, Child class, and MELD
score of the patient groups are summarized in Table 2.
The frequency distribution of VDR genotypes at Apal
and Tagl loci was summarized in Table 3. The HCC+
group had a statistically significant higher frequency of
Apal CC genotype compared to the HCC- group (P <
0.001). However, no statistically significant difference was
found between the studied groups and any Tagl genotypes.
The digestion products of the VDR gene by Apal and
Tagl restriction enzymes were shown in Figs. 1, 2, 3, and 4.
The relation between the different Apal genotypes and
the severity of the liver disease among both groups is

Fig, 2 Fepresentative gel picture showing the PCR-RFLP analysis of Apsl VDR gene polymoipiig

potymiodphism (CA ge

1. rmareer (100 Bg DNk lanice; lanes &, 6 and 7 represant hetarozygous

no polymarphisen (A4 genotype; 745 bp band)

| ane & represent
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demonstrated in Table 4. In HCC- group, the carriage
of the Apal CC genotype was associated with a more se-
vere liver disease (100% were Child C; MELD 20.33 +
1.37; P = 0.011 and 0.01, respectively), compared to Apal
CA genotype (58.4% were Child C; MELD 17.92 + 4.85)
and Apal AA genotype (10% were Child C; MELD 13.4
+ 4.69). Additionally, in the HCC+ group, the carriage of
the Apal CC genotype had a significant association with
severe liver disease (52.6% were Child C vs. 0% for Apal
CA and AA genotypes; P = 0.003), Apal CC carriers had
the highest MELD score (P = 0.001). There is no signifi-
cant difference between Tagl genotypes and liver disease
severity among the studied groups.

Both univariate and multivariate binary logistic regres-
sion analyses confirmed that the carriage of the Apal CC
genotype (odds ratio (OR) 37.71, 95% confidence interval
(Clgss) 5.83-244.12, P < 0.001) and platelet count (OR
1.02, Clgsy, 1.002-1.04, P = 0.01) were independent pre-
dictors for HCC development in patients with HCV-
related liver cirrhosis (Table 5).

Discussion

The development of HCC is a complicated and multi-
factorial process, in which both environmental and gen-
etic factors play a role in carcinogenesis. The association

v o éthidiam bromide-stained 2% agarose gel,
fype; 745 531, and 214 bp bands); lanes 1, 2, 3,

__
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between SNPs and HCC has been reported by numerous
studies. These genetic traits may alter the natural history
of cirrhosis and explain to some extent the observed dif-
ferences in the risk of HCC development [16].

Interestingly, SNPs in the VDR gene are implicated in
carcinogenesis in different organs such as the breast,
prostate, skin, colon and rectum, and kidneys [17].

Here, we investigated the relationship between Apal
and Taql VDR gene polymorphisms and HCC in pa-
tients with HCV-related liver cirrhosis.

We demonstrated that cirrhotic patients with HCC
on top had a significantly higher frequency of VDR
Apal CC genotype compared to those patients who
do not have HCC. QOur results agree with previous
studies [5, 15, 18, 19]. Some studies are matching us;
they did not find a significant association between
HCC and Tagl pelymorphism [5, 15].

We investigated the implication of VDR Apal and
Tagl polymorphisms on the liver disease severity in both
liver cirrhosis and HCC patients. The carriage of the
Apal CC genotype had significantly more severe liver
disease (Child C and higher MELD score) compared to
Apal CA/AA genotypes, while the carriage of Tagl geno-
types was not related to disease severity. These results
came in agreement with Hung et al. [5] and Mohammed
et al. [15].

On the contrary, Triantos et al. [20] reported that
the carriage of VDR Apal AA and Taql AA genotypes
was associated with more severe liver disease com-
pared to Apal CC/CA and Tagql GG/GA genotypes,
respectively. This conflict could be simply explained
by the difference in the inclusion criteria as Triantos
et al. [20] investigated patients with chronic liver dis-
ease whatever the cause (viral, autoimmune, crypto-
genic, etc.) and not complicated by HCC on top,
while in our study, we selected only the HCV-related
cirrhotic patients.

On addressing the risk factors for the development
of HCC among HCV-related liver cirrhosis patients in
this study, univariate binary logistic regression ana-
lysis was performed on age, sex, smoking, diabetes
mellitus, Child and MELD scores, platelet count, and
VDR Apal and Taql genotypes. Only platelet count
and the carriage of the Apal CC genotype were the
factors significantly associated with HCC develop-
ment; this was confirmed by multivariate binary logis-
tic regression analysis.

The present study reported that the carriage of the
Apal CC genotype was an independent risk factor, pro-
posing that the Apal CC polymorphism may be a good
moelecular marker to predict the risk of HCC in patients
with HCV-related liver cirrhosis. This agrees with Asal

| 14 13

12511

k|

Fig. 3 Representative gel picwre showing the PCR-RFLP analysis of Tagl VDR gene poalymarpghism on ethidium bromide-stained 2% agarose gel
ML marker (100 bp DNA ladder); lanes 1, 2, 3,4, 5,6, 7, 8, 9, 10, and 13 represent no palymarphism (AA genotype; 495 and 245 bp bangs)
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| Fig. 4 Representative gel picture showing the PCR-BFLP analysis of Tagl VDR gene palymorphise on ethidium bromide-stained % agarose qel
M, marker (100 bp DNA ladder); fanes 1, 2. and 3 represent hererozygous polymorphasm (GA genotype, 495, 260, 245, and 205 bp bands): lane 4
repdesents Ng polymonphism (AA genotype, 495 and 243 bp bands)

— — - —_—

Table 4 Belztionship between the individual Apal genotypes and seventy of liver disease among the two groups

Parameter Apal genotype F valuw.z

HCC- group cC (n = 6)  CAln=12) A (n = 10)
Child class
A 0 (0.055) 1 (B.3%) 3 (3084) 0.011

B 0 10054 4 (33,305 & (B0
£ & (1005 ! (5B.4%) 1 (1088)

MELD scare

= 485 134 £ 463 0.01

Child class
A 4 (105D A4 {57155 0 {0:058) 0.003

e

("]

B 14 (36,555 31429%
C 526 0 (0.005) 0 (00%)
MELD score

hean + o 1137 = &6 g57 = 326 14 % 265 0,001
f Ll 15(11-16



Vitamin D receptor gene polymorphisms and risk of hepatoceliular carcinoma in hepatitis C-related liver...

Table 5 Univariate and multivariate binary logistic regression analysis of predictor variables of HCC in patients with HCV-related liver

cirrbosis
Characteristics Univariate analysis Multivariate analysis
OR (Clgss) P value OR [Clggas) P value
Age 0.99 (0.92-1.06) 0.732
Sex
Male 1.2 {D42-342) 0.733
Fermale 1
Smioking
Mo 1
Yes 0.76 (0.16-3.66) 073
Diabetes mellitus
Mo i
Yes 1.16 (043-3.11) 0772
Child class
A 1
B 1 (024-414)
C 071 (0.18-2.84) 0533
MELD score 097 (0.89-1.08) 0516
Platelets 1.02 {1.002-1.04) 0.024 1.02 (1.002-1.04) 0.0
Apal genotype
Ay 1 1
CA 1.94 (0.39=9.55) 0413 1.96 (0.29-12.94) 0.485
cC 21.11 [448-99.58) < 0.001 3771 (583-244.12) < 0.001
Tagl genatype
AR i
G 0524 (0.15-1.83) 0308

OR odds ratio, Cles® 95% confidence interval

et al. [18)] and El-Edel et al. [19]. Additionally, the Apal
CC genotype was reported to be associated with HCC
development in non-cirrhotic patients with chronic
HCV [5, 15].

Related studies of several polymorphisms in the VDR
gene have been done to investigate their implication on
the risk of HCC, although with different results. Falleti
and his colleagues [21] demonstrated that the carriage of
the Bsml GG and Taql TT genotypes were significantly
associated with HCC development in post-liver trans-
plantation patients. However, this study was performed
more particularly on patients with alcoholic cirrhosis,
not other etiology of liver cirrhosis, where the carriage
of the BAT [ATC] and [GTT] haplotypes was independ-
ently associated with an increased risk of HCC, This dis-
crepancy could be explained by the low number of
patients in the subgroup analysis of virus cirrhotic
patients.

Peng et al. [10] reported that the carriage of the Fokl
TT/CT genotypes was associated with increased HBV-
related HCC risk as compared to the Fokl CC genotype.

Some investigators in previous researches [15, 22-24]
have reported that the carriage of the Fokl TT genotype
had a significantly higher risk for HCC after adjustment
of other associated risk factors in those chronically in-
fected with viral hepatitis. In addition, it was found that
the Fokl TT genotype was associated with advanced
tumor stage and lymph node involvement.

On the contrary, Huang et al. [25] reported that VDR
polymorphisms could influence the distinct clinical phe-
notypes in HBY carriers, but are not associated with
HCC proposing a limited role of the VDR gene polymor-
phisms in carcinogenesis. However, a biochemical evi-
dence obviously reported the inhibitory effect of vitamin
D and its analogs on HCC cells [26]. Moreover, it had
been described that the antiproliferative effect of vitamin
D against malignant cells depends on the intracellular
VDR level [27, 28].

Conclusions

In our country, the increasing HCC incidence is a re-
sult of the high prevalence of HCV, estimated to be



around 14% in the general population [29, 30). How-
ever, HCC is usually asymptotic, and diagnosis is usu-
ally made on an accidental basis. We suggested that
the Apal CC genotype may be used as a molecular
marker to predict the risk of HCC in patients with
HCV-related liver cirrhosis particularly in thrombocy-
topenic patients.
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Crossroad of infection and autoimmunity
in acute liver failure

Akash Roy', Sunil Taneja'", Arka De', Ashim Das®, Ajay K. Duseja’ and Virendra Singh'

Abstract

Background: Acute liver failure (ALF) is a syndromic diagnosis, consisting of jaundice, coagulopathy, and any
degree of encephalopathy in 2 patient without pre-existing liver disease within 26 weeks of the onset of symptoms.
Autoimmune hepatitis has a wide range of presentations and can rarely present as ALF, which frequently tends to
be autoantibody negative. Tropical infections like dengue, malaria, and leptospirosis, which present as mimickers of
ALF, always remain a differential diagnosis of ALF and mandate an etiology specific management, In rare cases,
such infections themselves act as a trigger for autoimmunity, We report a case of diagnostic crossroads of infection
and autoimmunity, presenting as acute liver failure and describe the challenges in management.

Case presentation: A 25-year-old female presented with a syndromic diagnosis of acute liver failure with possibility
of tropical illness-related ALF mimic on account of positive Leptospira serology. After initial improvemnent, there was
a rebound worsening of liver functions which prompted a liver biopsy. Biopsy narrowed the differential to
Leptospira-associated hepatitis and severe auto-immune hepatitis. Trial of low dose steroid was given which led to

dramatic improvement.

Conclusion: Tropical infections can present as ALF mimics and can themselves act as triggers for autoimmuniry.
Distinguishing such cases from de-novo acute severe autoimmune hepatitis is difficult and requires therapeutic
brinksmanship. An early trial of steroid is mandated but comes with its own challenges.

Keywords: Leptospira, Autoimmune hepatitis, Acute liver failure; Case report

Background

Acute liver failure (ALF) is a syndromic diagnosis charac-
terized acute onset (< 4 weeks) of jaundice, coagulopathy,
and encephalopathy in a patient without pre-existing liver
disease. Tropical infections like dengue, malaria, enteric
fever, and leptospirosis often present as mimickers of ALF
(1, 2]. Another etiology of ALF is autoimmune hepatitis,
which differs from its classical presentation in being fre-
quently seronegative in such cases [3]. Infections have
been associated with AIH and can serve as a trigger for
autoimmunity, thus leading to a grey zone in diagnosis.
We report a case of ALF with a diagnostic crossroads be-
tween leptospirosis and autoimmunity

Comespondence: drsuniltanejaghoimailoom

Depzriment of Hepalology, Post Graduate Inttitute of Medical Education
gnd Research (PGIMER), Chandigarh, Ind:a

Full tist of author information & availab's a1 the end of the anicle

Case presentation

A 25-year-old female presented with complaints of fever
for 2 weeks, jaundice for 1 week, and altered sensorium
for 2 days. There was no history of headache, trauma, vi-
sion abnormalities, retro-orbital pain, conjunctival suffu-
sion, rashes, or seizures. On examination, she was
febrile, normotensive, maintained oxygen saturation,
pale, icteric, and had grade Il hepatic encephalopathy.
Per abdominal examination was unremarkable. There
was no significant history of any previous medical co-
morbidities. Her investigations revealed presence of
anemia, leucocytosis deranged liver functions and coagu-
lopathy. On etiological workup, viral markers including
IgM hepatitis A, IgM hepatitis E, HBsAg, and anti-HCV
were negative, while the IgM antibody for leptospirosis
came out to be positive (titers 27.7 NTU). There was no
definite history of potential exposure to Leptosira.
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Abdominal ultrasonography showed a normal liver with
a span of 12 cm and a normal spleen, with no free fluid.
A syndromic diagnosis of acute liver failure (ALF) with
the possibility of Leptospira associated ALF-mimicker
was kept. She was managed as per standard ALF proto-
col along with intravenous doxycycline in view of posi-
tive Leptospira serology. The fever subsided, and
hepatic encephalepathy improved; however, as liver
functions and coagulogram failed to improve, she was
given five sessions of plasmapheresis. However, 5 days
after plasmapheresis, there was a worsening of liver
functions and coagulation [Bilirubin (Total/direct) 35
mg/dl/24 mg/dl, AST/ALT/ALP 734/656/128 U/L, INR
1.9). The trend in the biochemical parameters is shown
in Table 1. The further etiological workup including
autoimmune (ANA, SMA, AMA, LKM, PCA ANCA,
SLA), total immunoglobulin G levels, viral serologies
for cytomegalovirus, Epstein—Barr virus, herpes simplex
virus, and Wilson's disease workup were all negative. A
transjugular liver biopsy was done, which showed cen-
trizonal necrosis with lymphohistiocytic cell infiltrate
with canalicular and intracellular cholestasis with mul-
tiple foci of lobular inflammation. The portal tracts
showed minimal irregular portal tract expansion,
minimal portal tract inflammation, and minimal inter-
face hepatitis (Fig. 1). A histological possibility of
Leptospira-associated-acute hepatitis versus acute se-
vere autoimmune hepatitis was kept. She was started
on low dose prednisolone (20 mg/day), which led to a
gradual improvement of liver functions. Subsequently,
the steroids were tapered after normalization of LFTs,
and presently she is on 5 mg of prednisolone on regular
follow.

Table 1 Hematological and biochemical parameters

11

Discussion

Tropical febrile syndromes mimicking as ALF is a
frequently encountered challenge. The most common
etiologies are falciparum malaria, dengue, Leptospirosis,
and rickettsial fevers [1]. Identification and differenti-
ation of these specific etiologies is essential to ensure a
specific therapy. Features like high-grade fever, persist-
ent febrile spikes after the onset of jaundice, overt bleed-
ing manifestations, and splenomegaly serve as possible
indicators of a tropical illness-related ALF. Similarly,
laboratory indices like higher AST or LDH than ALT
and INR < L5, thrombocytopenia, and early-onset
hemodynamic instability and renal failure is more com-
mon in ALF mimickers [1, 2]. The clinical indicators of
an initial suspicion of Leptospira-associated ALF in our
case were persistent febrile spikes and positive sero-
logical tests. However, features like an absence of renal
dysfunction, lack of hemorrhagic manifestations, and
markedly elevated liver enzymes questioned the possibil-
ity of a Leptospira related ALF.

After an initial improvement post five sessions of
plasmapheresis, there was enzyme elevation and wors-
ening liver function. A detailed workup of possible
etiology of acute liver failure was however inconclu-
sive. At this crossroads, the patient was taken up for
a transjugular liver biopsy, which was suggestive of
acute hepatitis with a diagnostic possibility of
Leptospira-associated-acute  hepatitis versus acute
autoimmune hepatitis. Acute severe AIH [(AS-AIH) is
an acute presentation (< 26 weeks) with an INR of =
1.5 without any histological evidence of cirrhosis [3].
It is of importance to note that patients with an acute
severe AlH frequently tend to be seronegative for

Investigations Index presentation Pre-plasmapharesis Post-plasmapharesis Post-steroids
Hemoglobin (g/dl) 89 83 B 81 86
Total leucocyte count{fmm®) 11900 10200 7300 10200
Platelet count (/mm?) 250000 275000 184000 204000
International normalized ratio (INR) 28 2 13 1.1
Liver function tests (LFT)

= Bilirubin (mg/dl) 22 51 19 3

« AST (IU) 1161 530 212 45

« ALT (I 913 127 239 44

= Protein (g/dl) 66 6.8 &9 7

« Albuminig/dl) 34 i3 32 33

» SAP [IU) 109 127 120 g7
Remal function tests

= Urea {mmaol/L) 28 3 28 71

+ Creatinine(mg/fdl) 1.0 1.1 09 05
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| Fig. 1 a HE& E stain showing extensive centrizonal necrosis. b HAE stain showing necrotic hepatocytes surrounded by lymphohistiooytic infilrate
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autoimmune markers. ANA antibodies are negative or

trigger autoimmune hepatitis. However, the literature
weakly positive in 29-39% of patients whereas

with Leptsopira as a trigger of autoimmune hepatitis

gamma-globulin levels may be normal in 25-39% thus
adding to the diagnostic challenge [4, 5]. Our patient
was started on a steroid trial, to which she responded,
although literature suggests that such patients fre-
quently tend to be steroid non-responders and end
up requiring liver tranplantation [6].

The two primary differentials in our case were tropical
iliness-related ALF and AS-AIH. While the diagnosis of
AS-AIH itself becomes a challenge due to frequent
seronegativity, the other possibility of an infection itself
triggering an autoimmune phenomenon adds to the
diagnostic puzzle. Pathogens like HAV, HCV, EBV,
CMV, HIV, and Leishmania have been postulated to

presenting as ALF is scarce with only a single case report
in a pediatric patient [7, 8]. Thus, management of such
cases entails an element of therapeutic brinksmanship to
closely balance the two contrasting entities of infection
and autoimmunity.

Conclusion

Tropical infections may present as ALF mimics and can
themselves act as triggers for autoimmunity. Distinguish-
ing such cases from de-novo acute severe autoimmune
hepatitis is difficult and requires therapeutic brinksman-
ship. An early trial of steroid is mandated in such cases
and can alter the course of the disease.
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Key learning

Tropical infections can present as ALF mimics

o Clinical pointers and biochemical signatures should
be carefully looked for to determine the etiology of
an ALF mimicker

s Acute severe AlH can be seronegative in up to one-
third of the cases

» Infections can serve as a trigger for autoimmunity
and the interplay needs further understanding

» Acute severe AIH with early grades of HE may
benefit from a trial of stercids
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Melatonin-primed ADMSCs elicit

an efficacious therapeutic response

in improving high-fat diet induced non-
alcoholic fatty liver disease in C57BL/6J
mice

Aliasgar Hatimbhai Vohra', Kapil Kumar Upadhyay?, Apeksha Suhas Joshi', Hitarthi Swetang Vyas',
Jaymesh Thadani® and Ranjitsinh Vijaysinh Devkar'"

Abstract

Background: Stem cells are widely used for therapy including treatment of liver damage. Adipose-derived mes-
enchymal stemn cells (ADMSCs) administered to treat fatty liver are known to improve liver function but their use is

restricted due to a poor success rate, This study investigates efficacy of melatonin-primed ADMSCs (Mel. MSCs) in
experimentally induced non-alcoholic fatty liver disease (NAFLD).

Results: MSCs treated with LPS showed prominent DCFDA fluorescence as compared to the untreated cells. Also, the
JC-1 staining had accounted for higher intensity of green monomer and a weak fluorescence of red dimer indicating
weaker mitochondrial membrane potential, But melatonin co-treatment could make necessary corrective changes as
evidenced by reverse set of results. The overall cell survival was also found to be improved following melatonin treat-
ment as evidenced by the MTT assay. Also, the antioxidant (Wrf2 and Ho-1) and anti-inflarmmatory genes (-4 and - 10)
showed a decrement in their mRNA levels following LPS treatment whereas the pro-inflammatory genes (Tnf-a, II-6,
Tir-4, and Lbp) showed a reciprocal increment in the said group. Melatonin co-treatment accounted for an improved
status of antioxidant and anti-inflammatory genes as evidenced by their mRNA levels. High-fat high-fructose diet
(HFFD) fed C57BL/GJ mice recorded higher serum AST and ALT levels and fatty manifestation in histology of liver along
with lowered mRMA levels of antioxidant (Nrf2, Catalase, and Gss) genes and Hgf. These set of parameters showed a
significant improvement in HFFD + MelMSC group.

Conclusion: A significant improvernent in viability of MSCs was recorded due to lowered intracellular oxidative stress
and improves mitochondrial membrane potential. Further, melatonin-primed MSCs accounted for a significant decre-
ment in fatty manifestations in liver and an improved physiological status of NAFLD in HFFD fed C57BL/6J mice. Taken

together, it is hypothesized that melatonin priming to M5Cs prior to its use can significantly augment the success of
stem cell therapy.

[ Keywords: Melatonin, Non-alcoholic fatty liver disease, Stem cell therapy, Adipose-derived mesenchymal stem cells,
MNAFLD
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fat accumulation and resultant inflammation in hepato-
cytes [1]. These early symptoms may progress from
NAFLD to Non-alcoholic steatohepatitis (NASH); a tran-
sition that gets compounded by comorbidity such as type
2 diabetes, dyslipidemia and obesity [2]. Early detection
and lack of single therapeutics are major challenges faced
by clinicians for treating NAFLD. Current therapeutic
strategy comprises of synthetic drugs used for treatment
of hyperglycemia and/or hypertriglyceridemia [3]. A vari-
ety of herbal extracts and phytopharmaceuticals have
also been reported to be effective against experimentally
induced NAFLD owing to their antioxidant and free radi-
cal scavenging potential but due to a limited success their
clinical use is restricted [4].

Stem cell-based therapies have been widely explored
as an alternative to conventional therapeutic strategy
wherein, mesenchymal stem cells (MSCs) have emerged
as a viable option for treating NAFLD. M5Cs are known
for their immunomeodulatory, anti-inflammatory and
immunosuppressive properties in degenerative diseases
[5]. MSCs are responsive to several signaling molecules
such as hormones, growth factors, chemotactic mol-
ecules and cytokines [6]. Bone marrow, umbilical cord
blood, and adipose tissue-derived MSCs exhibits easy
acceptance as an isograft [7]. In mouse model of CCL4-
induced liver fibrosis, bone marrow-derived MS5Cs
administered via tail vein prevent liver scarring and
stimulate liver regeneration [8]. Also, these M5Cs could
reverse high-fat diet (HFD) induced NAFLD in mice by
suppressing CD4+ T lymphocytes [9]. Further, MSCs
with upregulated levels of SOD and CAT could effectively
reduce systemic inflammation and improve diet induced
fatty liver [10]. In pre-clinical and clinical trials, MSCs
are known to readily differentiate into hepatocytes [11]
but a poor success rate of stem cell therapy was attrib-
uted to an inflamed microenvironment in NAFLD [12].
Subtle modifications in stem cell therapy had resulted
in an improvement in ischemic acute renal failure [13],
inflammatory bowel diseases [12], heart [14], lungs [7],
brain [15]. rheumatoid arthritis [16], periodontal liga-
ment [17] or knee cartilage [18], and liver function in
CCL4 induced liver fibrosis [19]. Hence, it is imperative
to appropriately modify the stem cell therapy for a higher
efficacy and success rate.

Melatonin (N-acetyl-5-methoxytryptamine), a lipo-
philic indoleamine tryptophan derivative is synthesized
by the pineal gland, skin, retina, gastrointestinal tract
and immune cells [20] and is known for regulating cir-
cadian rhythm. Also, anti-oxidant [21], anti-neoplastic,
anti-inflammatory, neuroprotective [22], and anti-apop-
totic properties [23] of melatonin have been reported
till date. Further, melatonin induced decrement in body
weight gain, increased insulin sensitivity, homeostasis

of lipid and glucose metabolism and an improvement in
HFD-induced NAFLD in obese mice were reported [24].
Neural stem cells treated with melatonin had lowered
expression of pro-inflammatory markers [25] whereas;
ADMSCs treated with melatonin underwent prolifera-
tion, stemness and self-renewal [26]. Overall, melatonin
priming is known to improve the viability of a variety of
transformed cells [27] including the mesenchymal stem
cells [28].

In liver disorders including NASH, the anti-inflamma-
tory potential of melatonin has been pinned as the rea-
son for its therapeutic potential [29, 30]. Bone marrow
derived MSCs have been reported to improve function
of steatotic liver albeit with limited success [31]. But the
merits of adipose derived MS5Cs in treating NAFLD and
possible advantages of prior melatonin priming are not
known [32]. This study is designed to evaluate the merits
of melatonin priming, to adipose derived MSCs and their
possible improvement in their efficacy in treating experi-
mentally induced NAFLD.

Methods

Chemicals

Melatonin, hematoxylin, eosin, collagenase type 1, and
lipopolysaccharide (LPS) were purchased from Sigma
Aldrich (St. Louis, MO, USA). Methanol, ethanol, dime-
thyl sulphoxide (DMSQ) and 3-(4, 5-dimethylthiazol-
2-yl)-2, 5-diphenyl tetrazolium bromide (MTT) were
purchased from Sisco Research Laboratory Pwt. Ltd.
(Mumbai, India). Molecular biclogy reagents except
iScriptcDMNA synthesis kit (Bio-Rad, CA, USA) and all
other reagents such as TRIzol, DreamTagq Green mas-
ter mix, and SYBR select master mix were procured
from Invitrogen (CA, USA). Chemicals for cell culture
like Dulbecco’s modified Eagle’s medium (DMEM), fetal
bovine serum (FBS), trypsin phosphate versene glucose
(TPVG), and antibiotic-antimycotic solution were pur-
chased from Hi-media Laboratories (Mumbai, India).
ENZOPAK aspartate aminotransferase (AST), alanine
transaminase (ALT), alkaline phosphatase (ALP), total
lipids (TL), total cholesterol (TC), triglycerides (TG),
low-density lipoprotein (LDL), very low-density lipo-
protein (VLDL), high-density lipoprotein (HDL), and
glucose kits were purchased from Reckon Diagnostics
(Vadodara, Gujarat). RMNA-later was purchased from
Ambion Ine. (USA).

ADMSCs isolation, characterization, and melatonin

priming

Adipose derived mesenchymal stem cells (MSCs) were
isolated from 8-week-old male C57BL/6) mice (20 + 2
g) as per Yu et al. [33]. Briefly, bilateral fat pads in retro-
peritoneal cavity were collected, minced in small pieces
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using sterile scissors, and digested (45 min in water bath
at 37 *C) in equal amount of collagenase-1 in incomplete
media. After the digestion, tubes were centrifuged (300
g for 5 min) and mixed vigorously for 5-10 s. This step
was repeated three times to obtain a dark red cells pel-
let. That was resuspended in complete media and seeded
in T25 flask. Media was changed once daily till the cells
were 80-90% confluent. At the 4th passage cells were
fixed with freshly prepared 2% Paraformaldehyde (PFA)
for 10 minutes at room temperature and permeabilized
with 0.1% Triton X-100 for 3—-5 min on ice. AD-M5Cs
were examined for expression of surface markers (CD34,
CD44, CD45, and CD105) by flow-cytometry. Briefly, the
cultured cells were suspended in cold DPBS at the dilu-
tion of 10° cells/ml. Incubation with primary antibodies
(CD34, CD44, CD45, and CD105) was followed by expo-
sure to secondary conjugated antibody at 4 *C for 30 min,
and the complex was analyzed by flow-cytometry. MSCs
were cultured in T-25 flask and, at passage 4, were incu-
bated in presence of 5 pM melatonin (dissolved in etha-
nol and diluted in saline to 5%) for 24 h [34, 35].

Cell viability [MTT) assay

Mesenchymal stem cells (6 x 107 cells/ well) were main-
tained in 96-well culture plates (Tarson India Pvt. Ltd.)
for 24 h with or without LP5 (1 and 3 pg/ml) and mela-
tonin (5 pM). Later, 10 pl of 3-(4, 5-dimethylthiazol-
2-yl)-2, 5-diphenyltetrazolium bromide (MTT, 5 mg/
ml) was added to the wells and plates were incubated at
37 *C for 4 h [36]. Subsequently, the culture media was
discarded and wells were washed with PBS. The result-
ant formazan formed was dissolved in 150 pl of DMSO
and absorbance was read at 540 nm using a Synergy HTX
Multimode reader (BioTek, USA).

Intracellular oxidative stress

MSCs were maintained for 24 h as mentioned above with
or without LP5 (1 and 3 pg/ml for 24 h) and melatonin
(SpM). ROS mediated intracellular oxidative stress in
MSCs was studied using 7.5 pM 2,7-dichlorodihydro-
fluoroscein diacetate (CM-H2-DCFDA) stain (37 *C for
30 min) [37]. Cells were photographed using Floid cell
imaging station (Invitrogen, USA) and their fluorescent
intensity was quantified using Image] (NIH, Bethesda,
USA) software.

Mitochondrial membrane potential

MSCs were maintained for 24 h as mentioned above with
or without LPS (1 and 3 pg/ml) and melatonin (5 pM).
Mitochondrial membrane potential was assessed using
5,5',6,6'-tetrachloro-1,1',3,3'-tetraethylbenzimidazolcarb
ocyanine iodide JC-1 stain (5 pg/ml) in pre-warmed 1x
PES for 30 min at 37 *C [38, 39], Cells were observed and
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photographed using Floid cell imaging station (Invitro-
gen, USA) and fluorescent intensity was quantified using
Image] (NIH, Bethesda, USA) software [40].

mRNA studies of key marker genes in M5Cs and liver
of C57BL/6) mice
Total RMNA was isolated from the MSCs and liver of
control and various experimental groups using TRlzol
reagent and quantified using a nanodrop spectrophotom-
eter (Thermo scientific, Ltd.). Later, samples (A,z0/A250
> 1.9) were processed for cDNA synthesis using iScript
cDNA Synthesis kit (Bio-Rad, CA, USA)at 37°Cfor1 h
(using a T 100 Bio-Rad 96-well thermal cycler; Bio-Rad,
CA, USA). mRNA levels of key genes in MSCs (Tir-4,
Lbp, Nif2, Ho-1, Tnf-a, 11-6, Il-4, ]i-10) and in liver (Nrf2,
Sod, Catalase, Gss, lI-4, and Hgf) were quantified by
qPCR analysis (Quant-Studio-3, Life Technologies, CA,
USA) using SYBR Select Master Mix [40] using prim-
ers sequences shown in Table 1. The following two steps
thermal cycling profile was used for gPCR analysis, step
I {cycling step): 95 *C for 10 min, 95 °C for 15 s, 60 *C for
1 min and 95 *C for 15 s for 40 cycles. step II (melt curve
step): 60 °C for 155, 60 *C 1 min and 95 °C for 30 s.

The data obtained was normalized to the Gapdh (inter-
nal control) and analyzed using 2—AACT method.

Experimental animals and their treatment with M5Cs
C57BL/6] mice (24 male mice; 6-8 weeks of age; 18-22
g) were procured (Zydus Research Centre) Ahmadabad,
India, housed in clean polypropylene cages with labora-
tory chow diet and water ad libitum in Committee for the
Purpose of Control and Supervision of Experiments on
Animals (CPCSEA), India, approved animal house facil-
ity of Department of Zoology, The Maharaja Sayajirao
University of Baroda, Vadodara, Gujarat, India (Approval
Mo. 827/GO/Re/S/04/CPCSEA). After an acclimatization
of 10 days, mice were randomly divided into 4 groups of
6 mice per group viz. Group | (fed with laboratory chow
diet), groups 11, 111, and IV were fed with HFFD (high-fat
diet + 20% Fructose through water) and water ad libitum
for 16 weeks [40]. At the end of 13th week group III was
treated with (1 x 10° cells in 0.2 ml) MSCs and group IV
with 5 pM melatonin-primed MSCs via tail vein [19]. The
experimental protocol was carried out according to the
guidelines of the Committee for the Purpose of Control
and Supervision of Experiments on Animals (CPCSEA),
India, and approved by the Institutional Animal Ethical
Committee (IAEC). Our previous study had revealed that
results obtained in groups fed with normal chow diet
and injected MSCs or melatonin-primed MSCs (MSC +
NCD or Mel. MSC+NCD respectively) were comparable
to that of control; hence they are not showcased herein
(Unpublished cbservations).
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Table 1 PCR primers sequences of the genes analyzed

51 No. Gene Forward primer Reverse primer

1 GAPDH TGTGAACGGATTTGGCCGTA-3' 5-ACTOTGCCGTTGAATTIGCC-3'

2 TLR-4 STTTGCTGGGGCTCATTCACT-3 S-GACTCGGCACTTAGCACTGT-3

3 LEP SNTGTTACCACATGACTCOGGL-3' SAGGTGGLCAGGATCACAAAG-3

4 MNRF2 SLCGAGATATACGCAGGAGAGGTAAGA-3' S-GCTCGACAATGTTCTCCAGCTT-3

5 HO-1 5-ACATCGACAGCCCCACCAAGTTCAA-3' §-CTGACGAAGTGACGCCATCTGTGAG-3
6 THF-a 5-GTGGAACTGGCAGAAGAG- S-AATGAGAAGAGCCTGAGALC-3'

7 IL-6 STGGATGCTACCAAACTGRAT-3! S-CCTCAAAGTCAAGATGAGAA-3

8 -4 SLGTAGGGCTTOCAAGGTGCTT-3 S-GLCATCGAAAAGLCCGAAAG-T'

G -0 S-AAGGGTTACTTGGGTTGCCA-Y SETTCAGCTTCTCACCCAGGGA-3

1] HGF 5 TGAGTTATGTGCTGGGGLTG-3 5-CACATCCACGACCAGGAACA-Y

(R] CAT S-CTGGATGGATTCTCCCOORC-3 TCAGGAAACGGCATCAAAAGL-3

12 G55 5%AMCGAGCGAGTTGGGATG-3 S-TATGTCACCACGTOGGAGGA-3'

13 s0D : S-TTGGCCTGTEGAGTGATTGE-3" S-AGCCCAGTCAAAGGAGTCAC-3
Experimental procedure cell. Also, mean gray values (fluorescence intensities)

At the end of 16 weeks, animals were fasted overnight of four different background areas were measured in
and whole blood was collected by retro-orbital sinus  every image for normalization of background auto flu-
puncture under mild isoflurane anesthesia [41-44]. Iso-  orescence. The resultant values were normalized with
flurane is the most frequently used halogenated anes- the background fluorescence of 4 areas. The corrected
thetic in animal research and does not produce any total cell fluorescence (CTCF) for each cell was calcu-
significant differences in liver injury, inflammation, and  lated as [47]:

regeneration [41, 44]. Whole blood was centrifuged (at
4 °C and 3000 rpm for 10 min) and serum was collected

and stored. Later, mice were sacrificed using isoflurane Fluorescent intensities of about 70 cells from 5 to 8 dif-

under minimum stress and liver was collected and stored  ferent images were recorded for each experimental group
in 10% formalin (for histopathology) and in RNAlater (for  for statistical analysis.

mRNA studies). Mo mortality was observed in any of the

CTCF = Integrated density — (arca of cell x mean of background flourescence

experimental groups during the period of study. Statistical analysis
Results were expressed as means + standard devia-
Serum biochemical parameters tion (SD) and analyzed by one-way analysis of variance

Circulating titers of enzymes indicative of liver function ~(ANOVA) with Bonferroni's multiple comparison tests

(AST, ALT, and ALP), fasting blood glucose [45] and  using Graph Pad Prism 5 (CA, USA). *p < 0.05, **p < 0.01,

serum lipid profile (TL, TC, TG, LDL, VLDL, and HDL) and ***p < 0.001 is when LPS treated or HFFD is com-

[46] were estimated using commercially available kits pared with control. #p < 0.05, ##p < 0.0L, and ###p <

(Reckon Diagnostic kits, Vadodara, Gujarat, India). 0.001 is when LPS + Mel is compared with LPS-treated
group.

Microscopic evaluations

Liver samples were fixed in 10% formalin for 48 h, and
then embedded in paraffin. Tissues sections (5 pm thick)
were deparaffinized and stained with hematoxylin and
eosin (HXE) [37, 40].

Results

Characterization of M5Cs, intracellular oxidative stress,

and cell viability assay

Adipose derived mesenchymal stem cells (MSCs) were

isolated from the perirenal and visceral fat pads of

healthy C57BL/6] mice and were characterized using
Quantification of cellular immunofluorescence positive (CD44 and CD105) and negative (CD34 and
Immunofluorescent images were captured using Floid  CD45) surface markers (Figure 51). Flow cytometric

cell imaging station and were analyzed using Image]  studies had shown 98.18% of CD44 and 97.05% of CD105

(NIH, Bethesda, USA). Cell area, integrated density (positive) cells. Lipopolysaccharifle OBS; (band ! pgroal)n - - e |

and mean gray value were measured for each selected  treatment accounted for a dose-de enfldedFément enanay
weJETEE M -.\‘E"]J Frin (& e L,
2022 0MMOJ
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improvement in cell viability (p < 0.05) and relatively
weaker DCFDA fluorescence as compared to LPS-treated
MSCs.

Mitochondrial membrane potential (JC-1 staining)

MSCs were stained with JC-1 to assess the changes
in mitochondrial membrane potential (A¥m). MSCs
treated with LPS (1 and 3 pg LPS doses) recorded promi-
nent green (monomer) and weak red (dimer) fluores-
cence implying towards a significant decrement (p <
0.001) in mitochondrial membrane potential. Improve-
ment in the fluorescence following co-treatment with 5
uM melatonin suggested an improvement (p < 0.001) in
mitochondrial membrane potential as compared to LPS-
treated groups (Fig. 1C).

mRMNA levels of pro, anti-inflammatory, and antioxidant
genes in M5Cs

Tir4 and Lbp are key genes for assessing LPS induced
inflaimmation and, in our study, LPS treated MSCs (for
24 h) recorded a significant increase in the mRNA lev-
els of the said genes as compared to control (p < 0.001)

(Fig. 2A). Further, mRNA levels of Nrf2 were non-signif-
icantly decreased following LPS treatment (Fig. 2B) thus
implying towards a compromised cellular antioxidant
status. LPS + Mel group accounted for lower Tir-4 (p <
0.001), Lbp (p < 0.05), and higher Nrf2 as compared to
LP5-treated group. However, HO-1 levels were found to
be elevated in all the experimental groups (Fig. 2B). Fur-
ther, LPS treated MSCs recorded a significant increment
in mRNA levels Thf-a (p < 0.01) and /-5 (p < 0.05) and
a decrement in /-4 (p < 0.01) and JI-10 (p <0.05). Mela-
tonin co-treatment to these cells accounted for a signifi-
cant decrement in Thf-a and /I-6 mRNAs (p < 0.01) and;
a significant increment in fI-4 (p < 0.001). I-10 mRNA
levels were found to be non-significantly higher in this
group (Fig. 3A, B).

Serum AST, ALT, and lipid profile

Food and water intake of C57BL/6] mice was monitored
(16 weeks) during the period of study. HFFD treatment
accounted for a significant increment in body weight gain
(p < 0.001), liver weight (p < 0.001), and liver:body weight
ratio (p < 0.05) as compared to control (Figure 52, A, B).
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Significant hyperglycemia was recorded in serum (p <
0.001) of HFFD group but HFFD + MSCs had recorded
a significantly decrement (p < 0.001). Also, non-signifi-
cant hyperglycemia was recorded in HFFD + melatonin-
primed MSCs (Mel.MSC) group. Circulating titers of
serum AST and ALT were significantly elevated in the
HEFFD group (p < 0.001) but, M5C and Mel.MSC groups
accounted for a significant decrement in titers of the ALT
(» < 0.01) and AST (p < 0.05). ALP levels did not show
any significant alterations in all the experimental groups
(Fig. 4).

Significantly higher levels of serum total lipids (p <
0.01), total cholesterol (p < 0.001), triglycerides (p <
0.01), and LDL cholesterol (p < 0.001) were recorded
in HFFD group whereas; significant decrement was
recorded in serum HDL-cholesterol (p < 0.05). Though,
HFFD + MSC group had recorded non-significant dec-
rements in total lipids, total cholesterol, triglycerides,
LDL cholesterol, and VLDL cholesterol, a significant
increment in HDL cholesterol (p < 0.05) was recorded
in this group. A similar trend was witnessed in HFFD

+ Mel.M5C group with respect to the said parameters
wherein, decrements in total lipids (p < 0.05), total cho-
lesterol (p < 0.01), and LDL chelesterol (p < 0.01) were
significant (Fig. 5).

Histological assessment of liver tissue

The liver tissue sections showed normal hepatic cords
radiating from the central vein and a preserved hepatic
architecture. Also, the hepatocytes were polygonal
and of uniform size with granular eytoplasm. The cells
in vicinity of the portal vein showed healthy cellular
characteristics. Liver of HFFD group showed distorted
hepatic cords, ballooning hepatocytes with rarefied
cytoplasm and macrovesicular steatosis. Also, the
infiltration of inflammatory cells was evident in the
said tissue. Treatment of HFFD fed mice with MSCs or
Mel.MS5Cs led to a visible decrement in the fatty hepat-
ocytes and macrovesicular steatosis. Overall, a normal
cellular architecture could be observed in these groups
with minimal infiltration of cells due to inflammation
(Fig. 6).
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mRNA levels of hepatic Nrf2, Sod, Catalase, and Gss

HFFD group had recorded a decrement in mRNA lev-
els of Catalase and Gss whereas; the Nrf2 and Sod levels
were unchanged. However, Nrf2 (p < 0.01), catalase (p <
0.01), and Gss (p < 0.01) mRNA were higher in HEFD +
MSCand HFFD + Mel. MSC groups. The mRNA levels of
Sod showed non-significant changes in all these experi-
mental groups (Fig. 7).

mRNA levels of hepatic Il-4 and Hgf

The mRNA levels of anti-inflammatory marker gene
ll-4 was found to be lowered in HFFD group. However,
both HFFD + MSC (p < 0.01) and HFFD + Mel. MSC (p
< 0.001) groups had recorded significant increment in

mRNA levels of /l-4. Hgf has a mitogenic property in liver
and accounts for its regeneration. In our study, all the
three experimental groups had recorded an increment
in mRNA levels of Hgf with the most significant increase
recorded in HFFD + Mel.M5C group (p < 0.05) (Fig. 7).

Discussion

The observations made in this study suggest that
administration of MMSCs in HFFD-fed mice results
in improvement in functional status and histological
features of liver. Currently there is no single US-FDA-
approved pharmacological drug for treatment of NAFLD
or NASH. The complications associated with liver
transplantation create the earnest need for alternative
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therapeutic options. Stem cell therapy had shown vary-
ing degrees of success in treating liver diseases but an
inflamed hepatic microenvironment often results in low
survival ratio of transplanted cells [48]. In the present
study, melatonin-primed adipose derived mesenchymal
stem cells (MSCs) were administered to high-fat high-
fructose diet (HFFD) fed mice and the possible improve-
ment in success rate of transplant with respect to liver
function was put to scrutiny. Based on the anti-oxidant
attributes of melatonin we had hypothesized that mela-
tonin primed MSCs can possibly improve the functional
status of a fatty liver. Intracellular oxidative stress and
mitochondrial dysfunction plays a crucial role in vari-
ous cellular activities including cell growth, survival and
death. Research groups had shown that exogenous stress-
ors such as tert-butyl hydroperoxide (t-BHP), hydrogen
peroxide (H,O,), tumor necrosis factor alpha (TNF-a),
or lipopolysaccharides (LPS) produced an heightened
intracellular oxidative stress in a variety of cell lines [49].
Also, LPS treatment causing mitochondrial ROS pro-
duction in microglial cells with an upregulation of pro-
inflammatory mediators [50]. In bone marrow-derived
macrophages, LPS induced ROS signaling has been
reported to be downregulated in the inner mitochondrial
membrane UCP2 (uncoupling protein 2) [51]. Also, LPS
mediated production of nitric oxide (NO) and ROS that
leads to nuclear translocation of NF-kB in murine mac-
rophages. In our study, LPS-treated MSCs symbolize an
inflamed microenvironment in a fatty liver. Hence, an
improvement in toxicity indices, intracellular oxidative

stress, and mitochondrial membrane potential of LPS +
melatonin-treated MSCs generates the 'proof of concept’
and forms the basis of our study.

LP5-mediated activation of SIRT1/NRF2 pathway and
the resultant oxidative stresses have been reported to
be attenuated following melatonin treatment [52]. Also,
studies with human ADMSCs had reported an upregu-
lation of cellular prion protein (PrPC) and lowered ER
stress in ADMSCs treated with melatonin [53]. Melatonin
is also known to prevent senescence of canine ADMSCs
by activating Nrf2 via MT1/MT2 receptors [54]. Hence,
the observed upregulation of Nrf2 mRNA following mel-
atonin treatment recorded in our study is in agreement
with the published reports. LPS mediated inflammatory
changes in kupffer cells and upregulation of TLR4 and
LBP has reported [55]. In our study, melatonin treatment
could successfully alleviate changes in the said parame-
ters and further had accounted for a decrement in mRNA
levels of pro-inflammatory markers (Thf-a and //-6) and
increment in anti-inflammatory markers (Il-4 and [I-10).
These observations corroborate with reported upregula-
tion of anti-inflammatory markers that inhibit synthesis
and release of pro-inflammatory markers [56]. Overall,
this part of the study had justified the use of melatonin in
alleviating LPS induced inflammation and had accounted
for an improved survival status of MSCs.

Mesenchymal stem cells have been reported to dif-
ferentiate into hepatocyte like cells and contributing
towards an improved liver function [11]. Also BMMSCs
have been reported to improve CCL-4 induced liver
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fibrosis in mice [8]. Melatonin pre-treatment to ADM-
5Cs had reduced apoptosis in an ischemic diseases
model [57] and had improved homing of MSCs in liver
of CCL4 treated rats [19]. Hepatocellular injury like
apoptosis and ballooning or enlarged hepatocytes with
a clear reticular cytoplasm are characteristic features of
MAFLD and have been reported in HFD fed [40], MCD
diet fed [58], and gene knockout mouse models [59, 60].
The said changes occur in correlation with higher cir-
culating titers of total cholesterol and triglycerides [40,
61]. In our study, the liver of HFFD fed mice showed
fatty changes in hepatocytes, macrovesicular steatosis,
infiltration of inflammatory cells and elevated param-
eters of serum lipid profile. However, an improvement
in the said histological parameters is attributable to
the administration of MSCs that are known to improve
hepatic histoarchitecture and liver function through
an autocrine and/or paracrine mechanism [62, 63]. An
improved status of serum lipid profile and higher titers
of HDL-¢ in melatonin primed MSC treated group are
indicative of improved systemic lipid load and metab-
olism. An improvement in physiological status of fatty
liver (lower AST and ALT) observed in experimental
group treated with melatonin primed MSCs are the
highlight of our study.

The mechanism of repair of fatty liver is yet unclear
but study by Domingues et al. (2019) had reported that
antioxidant-upregulated MSCs have lower oxidative
stress, systemic inflammation and an improved liver
function in high-fat diet induced obesity in [10]. Also,
UC-MSCs could ameliorate NAFLD and regulate lipid
metabolism by increasing the expression of fatty acid
oxidation genes in db/db mice [60]. Further, upregula-
tion of SOD and downregulation of apoptotic markers
in melatonin primed MSCs had resulted in lowering
of ROS production. In our study, an increment in the
expression of Sod, Gss, and Nrf2 in Mel. MSC group is in
agreement with these reports. A recent study from our
lab had shown that carbon monoxide releasing mol-
ecule A-1 had led to an improved oxidative stress and
mitochondrial function in a steatotic liver of C57BL/6]
mice via activation of NRF2-ARE pathway [40]. Hence,
the observed improvement in fatty changes in liver of
Mel.MSC mice is possibly mediated via an improved
intracellular antioxidant status orchestrated by NRF-
ARE pathway that needs further scrutiny. Reports of
an improved homing of stem cells following melatonin
priming have been reported in experimentally induced
liver toxicity in rats [19] and the same can also be
assumed to be responsible for an improvement in the
therapeutic response and status of HFFD-fed NAFLD
mice following Mel. MSC treatment.

Hepatology and Transplant Hepatology: A Case-Based Approach

Conclusions

Therapeutic response of ADMSCs shows an improve-
ment in HFFD-mediated NAFLD in C57BL/6] mice by
priming the cells with melatonin. Overall, melatonin
priming of MSCs is an effective therapeutic strategy that
can be scaled-up for bench-to-bedside studies involving
lifestyle disorders.
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Role of bile acids in the prediction of
hepatocellular carcinoma in HCV-induced

liver cirrhosis

Ashraf Khalil"'@, Azza Elsheashaey'?, Eman Abdelsameea®, Manar Obada’, F. F. Mohamed Bayomy'? and

Hala El-Said'

Abstract

liver cirrhosis from HCC (AUC 0414-0638).

Background: Bile acids are essential organic molecules synthesized from cholesterol in the liver and regarded as
indicators of hepatohiliary impairment; however, their role in the pathogenesis of hepatocellular carcinorma (HCC) is still
unclear. The study aimed to examine the feasibility of bile acids in distinguishing HCC from post hepatitis C virus liver
cirrhosis. A UPLC/MS was used to measure 14 bile acids in patients with noncirrhotic HCOV disease (n = 50), cirrhotic
HCV disease (n = 50), hepatocellular carcinoma (n = 50), and contral group (n = 50).

Results: The progression of liver cirrhosis to HCC was associated with a significant increase in serum bile acids
compared to the normal ar the noncirthotic HOV disease (p < 0.05). The fold changes in bile acids concentrations
showed a trend that HCC > cirrhotic HOV disease > noncirthotic HOV disease. Four conjugated acids GCA, GCDCA,
GUDCA, and TCDCA steadily increased across the different groups. ROC curves analysis revealed that these bile acids
discriminated noncirrhotic liver patients from HCC (AUC 0850-0.963), with a weaker potential to distinguish chronic

Conclusion: The level of serum bile acid was associated prirarily with liver cirrhosis, with little value in predicting the
progress of chronic liver cirrhotic disease into hepatocellular carcinoma.

Keywords: Cirthosis, Hepatocellular carcinoma (HCC), Liquid chromatography-mass spectrometry; Metabolic profiling

Background

Bile acids constitute more than 20 molecules synthesized
by the liver as primary bile acids cholic acid (CA) and
chenodeoxycholic acid (CDCA) then modified by intes-
tinal bacteria into secondary bile acids deoxycholic acid
(DCA), lithocholic acid (LCA), and ursodeoxycholic acid
(UDCA). Conjugation of the bile acids through the en-
terohepatic circulation results in more water-soluble bile
acids and thus protecting against hepatic cellular damage
from the toxic hydrophobic bile acids, which can induce
oxidative stress and cell death signaling [1].

* Comespandence: ashkalil2010@gmail gom

'Depanment of Biochermistry and Molecular Diagnostics, Mational Liver
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MNumerous studies related liver cirrhosis to the changes
in bile acid metabolism, and high serum bile acids can
distinguish liver cirrhosis with higher sensitivity than the
traditional liver function tests [2-4]. Bile acids metabol-
ism has a role in cellular processes related to carcino-
genesis, e.g., elevated intracellular concentrations of bile
acids were associated with oxidative stress and DNA
damage both in adult and fetal liver [5, 6]. Bile acid may
trigger apoptosis by directly activating the Fas death re-
ceptor or through mitochondrial dysfunction secondary
to oxidative damage. Therefore, the disturbance in bile
acid metabolism could be an early clue in the develop-
ment of HCC, which is aggressive cancer, with around
90% of cases developing from pre-existing liver cirrhosis
[7-10]. Early detection of HCC remains a challenge as it
is typically diagnosed at advanced stages (11, 12|, and
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there are no clinically approved alternatives to alpha-
fetoprotein (AFP) that could form a noninvasive test for
early detection of HCC. AFP had a low sensitivity as
40% of HCC patients have normal AFP levels, and only
20% of patients with early HCC have elevated AFP levels
[13]. Des-gamma-carboxyprothrombin and lectin-bound
AFP (AFP-L3), glypican-3, Osteopontin, or high c-met
expression were hypothesized as alternatives, but their
sensitivity for HCC remains unsatisfactory especially, for
small lesions [14-18]. In this study, a metabolomics ap-
proach applying, ultra-performance liguid chromatog-
raphy coupled with mass spectrometry was conducted to
characterize 14 bile acids profiles in the serum of pa-
tients with post HCV noncirrhotic liver disease, in HCV
cirrhotic liver disease, and post HCV complicating HCC
patients, as potential markers for HCC.

Patients

The study was carried out in the Departments of Bio-
chemistry and Molecular diagnostics of the National
Liver Institute hospital, Menouffia University, Egypt,
from October 2017 to August 2018 and included three
groups. The HCV-noncirrhotic liver disease (NCLD)
group (n = 50) enrolled patients with a documented
HCV infection for = 6 months without any clinical or
imaging (ultrasound and fibro scan) evidence of liver cir-
rhosis. The post hepatitis C cirrhotic liver disease (CLD)
group (n = 50) enrolled patients with liver cirrhosis sec-
ondary to previous HCV infection, The post hepatitis C
liver cirrhosis complicated with HCC group (» = 50) en-
rolled patients whose HCC developed on the existing
liver cirrhosis complicating chronic HCV infection. The
NHC group (# = 50) enrolled normal, healthy subjects,
matching the age and the gender of the other groups
with no clinical, laboratory, or imaging sign of liver cir-
rhosis or focal hepatic lesions. NHC subjects were also
free from any other cancers, diabetes mellitus, and obes-

ity and were abstinent from drug abuse and alcohol
consumption.

Inclusion criteria

Liver cirrhosis based on the established clinical find-
ings, liver function tests, and positive serological tests
(anti-HCV antibody and HCV- RNA PCR tests), fibro
scan z 14.5kPa, and liver ultrasound confirming the
characteristic echogenic pattern of liver cirrhosis. The
noncirrhotic patients had a history of HCV infection
z 6 months with positive serological tests without evi-
dence of liver cirrhosis by fibro scan and ultrasound
examination of the liver [19]. HCC diagnosis by im-
aging consisting of single or multiple focal hepatic le-
sion(s) associated with elevated serum AFP > 200 ng/
ml and or detection of HCC by histological examin-
ation of the liver biopsy. The study used the standard

Hepatology and Transplant Hepatology: A Case-Based Approach

Child-Pugh classification in CLD and HCC groups
[20] and the Barcelona Clinic Liver Cancer (BCLC)
staging system to stage HCC [21]. No history of alco-
hol intake or illicit drug abuse in all patients enrolled
in the study.

Exclusion criteria

Patients having both HCV and HBV infection, chronic
cholestasis, and obstructive gall bladder diseases, liver
disease associated with severe renal or systemic diseases
as cardiovascular, DM, and obesity were excluded.

Ethical considerations

The research ethics committees of the National Liver In-
stitute (IRBO0D03425), Menouffia University, approved
the research proposal and the protocols to comply with
national research guidelines. Patients provided informed
written consent for the use of tissue for research
purposes.

Methods

Chemicals and reagents

HPLC grade methanol, acetonitrile, and formic acid
were purchased from Fisher Scientific (Daytona plus,
Randox laboratories limited, UK). Bile acid standards are
as follows: cholic acids (CA), chenodeoxycholic acid
CDCA, deoxycholic acid DCA, lithocholic acid LCA,
ursodeoxycholic acid UDCA, glycocholic acid (GCA),
glycochenodeoxycholic acid (GCDCA), glycodeoxycholic
acid (GDCA), glycoursodeoxycholic acid (GUDCA),
taurocholic acid (TCA), taurochenodeoxycholic acid
(TCDCA), taurodeoxycholic acid (TDCA), taurourso-
deoxycholic acid (TUDCA), and taurolithochalic acid
(TLCA) from Sigma Chemical Sigma-Aldrich (Sysmex
KX-21, Sysmex Inc., Japan). HPLC grade water from

Millipore pure water purification system (Diamond TII,
USA).

Sérum sample collection

Five milliliters of blood were collected from patient and
control subjects after overnight fasting about 8-12h,
under a sterile venipuncture, and the extracted serum
was stored at - B0 °C until UPLC analysis. Blood chemis-
try was measured by an automatic biochemical analyzer
(Bachman Ltd, London, UK),

Serum sample preparation and bile acid detection

Serum bile acids were prepared for UPLC/MS/MS as de-
scribed in [22]. One hundred microliters of the serum
sample mixed with 400pl of ice-cold methanol were
centrifuged at 12500 rpn for 20 min, and then 50 pl of
the supernatant was added to 100 pl of the mobile phase
A (0.001% formic acid) where 5 pl was injected into a
Cl18 column (1.7pm, 100mm =x=2.1mm internal

il
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dimensions) of the ultra-performance liquid chromatog-
raphy at 50°C (Waters ACQUITY, Milford, MA). The
mass spectrometer had an electrospray source operated
in the negative ion mode using the multiple reactions
monitoring (MRM). Each bile acid was eluted by gradi-
ent at a flow rate of 0.5 ml/min, for 2 min with 80% mo-
bile phase A (0.001 formic acid in water) and 20%
mobile phase B (acetonitrile), then with a linear gradient
of 20% mobile phase B over 5min followed by mobile
phase B at (80%) for 8 min. At the end of each cycle, the
column was equilibrated with 80% mobile phase A for 2
min. UPLC-MS raw data obtained with MRM mode
were analyzed using Target Lynx application manager
version 4.1 (Waters Corp.,, Milford, MA) to get the
quantitative concentration of each bile acid.

Calibration curves and method assessment
Seven serially diluted standard calibration points, ran-
ging from 0.125 to 20 umol/l, and three quality control
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(QC) standards points 0.2, 2, and 20 pmol/l were pre-
pared from the 14 bile acids mixture and the QC stand-
ard in charcoal-stripped serum. Calibrators and QC
standards underwent the sample preparation process de-
scribed before and were used to calibrate the machine.
Calibration curves confirmed that bile acids had a linear
response, with a coefficient of determination (R2) = 0.99.
The recovery was evaluated by comparing the mean de-
tector response of the extracted QC samples at 0.2, 2,
and 20 pmol/l in triplicates to the mean detector re-
sponse of the post-extracted serum blanks spiked at
equal concentrations. The accuracy and precision were
checked regularly before any assay using three replicates
of freshly prepared QC standard samples at 0.2, 2, and
20 ymol/l. Accuracy was calculated from the formula %
relative error (RE) [% (measured-theoretical)/theoretical
concentration]. Precision was calculated from the for-
mula relative standard deviation (%RSD = % standard
deviation/mean). The developed UPLC-MS/MS assay

Table 1 Demographic, clinical, and hematological parameter of the enrolled groups

NHC NCLD CLD HCC
Age, mean (range) 45 (34-73) 46 (36-60)" 45 (37-70)7 48 (37-80)"
BMI (kg/m?) 235 £ 04 236+ 03™ 2903 234 £ 03"
Se

Male 25 (509) 19 (38%) 29 (58%) 15 (309¢)

Female 25 (509%) 31 (62%) 21 (42%8) 35 (70%)
AFP ng/ml, medan (IQR) 17 (08) 23yt 3.7 (4.4 684 (877)
Child-Pugh class, A/B/C 38 (769%)/8 (165604 (89) 18 (3696117 (349115 (30%)
HFL, single/miuilriple 19 {38%)/31 (6290)
Merastasis, No/Yes 46 (929%)/4 (B%)
Lymph node, Nofyes 43 (BE%)/7 (14%)
PV invasion, Nofyes S0 (10030 (036)
Barceloma, HCC stage AJB/C 36 (72910 (20904 (B%)
AST {IU/L) 207 £ 65 398 £ 344 566 £ 35* 554 + 29.2°
ALT (/L) 202 86 413+ 367" 419 % 4432 319185
GGT (IU/mi) 23+13 B2 71+ 53 73 2 61"
ALP {iLlfmi) 603 % 226 7452 a7 ™ 1135 = 57° 117.2 = 492
TRIl (mg/dl) 0502 06 + 03" 1516 15212
DBil (mg/dl) 02+01 02+£01™ 1.2 £ 1.7* 08 =07
ALB (g/di) 402 4703 3508 3307
TP (mgrdl) 7+09 B+ 04" gx07 ™ 707
Hb (g ) 134 + 12 131£15™ 1198 £ 20° 120 = 20°
Platelets < (10%1) 2909+ 722 250 + 9 " 1323 638" 1287 = 63.1°
WECs x (10%1) 73£14 69£15™ 54 %23 5% 15

NHC normal healthy control, CLD cirrhotic liver diseases, HCC hepatocellular carcinoma. N = 50 for each group, value = mean = standard deviation, median; JOR
interquartile range, *# value < 0.05 Indicates significance when NHC compared to NCLD, CLD, and HEC. ™ P value > 0.05 indicates non significance when NHC
compared to NCLD, CLD, and HOC. BMI body mass index, HFL hepatic focal lesion, PV portal veln, AST aspartate ransaminase, ALT alanine transaminase, GGT
gamma-glutamyl transferase, ALP alkaline phosphatase, TE total bilirubin, DBIL direct bilirubin, TP total protein, Alb albumin, Hb hemaoglobin, WECs white

bood cells




method had the capability of quantitation of all the 14
bile acids included in the study. The assay performance
was accurate and precise for bile acid analysis in the hu-
man serum [22].

Statistical analysis

Data were analyzed using SP5S5 23 (SP55 Inc., CA, USA).
The nonparametric Kruskal Wallis test and the Mann-
Whitney test were used to detect the significance in
multiple comparisons. The receiver operating character-
istic (ROC) curve was used to assess the ability of bile
acids to distinguish healthy subjects from patients with
liver diseases. AUC = 0.8 was considered as a significant
test result to discriminate between two groups. Youden's
index or J obtained from equation J = [(sensitivity + spe-
cificity) - 1] was applied to select a cutoff, where the
sensitivity and the specificity are maximal. Pearson cor-
relation analysis was used to assess relationships be-
tween the serum bile acids and AFP. Multivariate
analysis was used to detect the predictive potential of
bile acids to HCC [23, 24].

Results

Clinical characteristics and laboratory parameters of study
groups

Table 1 presents the anthropometric and clinical param-
eters of the NCLD, CLD, and HCC groups. Patients
were matched by age, gender, and body mass index
(BMI) to control the biological and lifestyle confounders.
These parameters did not show any significant

Table 2 Serum bile acids and fold changes in the studied groups
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differences across groups, all P> 0.05. In the NCLD
group, all 50 patients had a well-compensated liver func-
tion. In the CLD group, the patients were Child-Pugh A
(n = 38), Child-Pugh B (n = 8), and Child-Pugh C (n =
4). The HCC patients were Child-Pugh A (n = 18),
Child-Pugh B (1 = 17), and Child-Pugh C (n = 15). Ac-
cording to Barcelona staging system HCC group were
stage A (1 = 13), stage B {n = 10), and stage C (1 = 7).
HCC patients had either single focal lesion (n = 19) or
multiple focal lesions (n = 31), lymph node involvement
{n = 7), or distant metastasis (n = 4), but none had por-
tal vein invasion. The laboratory parameters showed that
CLD and HCC groups had a significant increase in AST,
ALT, TBil, DBil, GGT, ALP, and AFP with a significant
decrease in total protein TP, Alb, Hb, WBCs, and plate-
lets relative to the control group, (all P < 0.05). However,
there was no statistically significant difference between
the NCLD group and the NHC regarding DBil, TP, Hb,
and WBCs (all P > 0.05). The levels of DBil, GGT, and
ALP increased while the level of Alb, TP, Hb, and plate-

lets decreased in cirrhotic patients compared to NCLD
or NHC (all P <0.05).

Serum bile acid patterns in different stages of liver
impairments

Table 2 presents the comparison of serum bile acids
across the four groups. The progress of liver disease was
associated with an increase in the serum level of bile acids.
The serum bile acids were significantly higher in CLD and
HCC groups than either NCLD or NHC groups. Eight bile

BA NHC

8/ NCLD LD HEC ~ F.NGD F, CLD F, HCC
Ch 020+ 03 0= 17" 05 + 086" 17 24" 3 3 g*
CDCA 038 =051 073 z12™ 145 % 191 51 %14 b 4" 13*
DCA 015 =016 i =001 031 £ 040 ™5 025z 03g™ ! 2 2
LCA 001 = 003 003 = 005" 0.05 = 008" 0.11 + 0.20° 3 4" g
UDCA 004 = 0.1 004 + 008" 156 £ 501 199 + & i g 48*
GCA 024 £033 D43 % 077 '8 377 = 4.06° B4 213 = 16 35
GCOCA 045 = 065 086 = 104* 17 e85 12517 » 17 9
GOCA 034 = 036 D26 +033 ™ 148 + 29" 12272 | & oL
GUDCA 015 =02 007 £ 0120 52128 94 + 30° 05 ELY El: o
TCA 001 £ 005 D04 = 00 1727 705 £ 16" 3 13 473
TCOCA 0112038 007 £ 015 M 477 £ 138 g1 &+ 16" a7 a4m g3
ToCA 007 £ 015 002 £ 003 ™ 019 £038" 16£6M 03 3 °
TLCA 0006 = 0028 0001 = 0.002* 002 + 007 008 = 03 03 4 13
TUDCA 004 =012 ooy £ 02" 009 2 037" 050 £ 517 03 i 18

NHC reormal healthy contred, NCLD noncirdhotic liver disease, CLD circhotic liver diseases, HCC hepatocellular carginama. N = 50, number of each group, values:
e rf?nﬁrd deviation of bile acids (ALY F, fold changes relative 1o NHC. *P value < 0.05 indicates significance when NHC compared 1o either NCLD, CLD,
or HCC. P value > .05 indicates significance when NHC compared to either HCLD, €LE. or HCC

CA cholic acid, COCA chenodeorychollc acid, DCA decxycholic acid, LCA lithochelic acid, UDCA ursodeoxycholic ackd, GCA glycholic acid, GCDCA
ghycochenodeguycholic acid, GDCA glyesdeoxycholic acld, GUDCA glycoursodecrycholic acld, TCA taurocholic agid, TCDCA raurachenodeoxycholic acid, TDCA

taurgdiorycholic acd, TLCA auralithocholic acid, TUDCA tauroursodecxychalic acid
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acids (CA, CDCA, UDCA, TCA, GCA, GUDCA, TCDCA,
and GCDCA) were significantly higher in CLD and HCC
than in NHC or NCLD (all P < 0.05). The fold change of
bile acids relative to the NHC showed a pattern that HCC
> CLD > NCLD, and the increase in the fold was mainly
prominent in conjugated bile acids.

Serum bile acids as potential marker of chronic liver
impairment

ROC analysis of the 14 serum bile acids evaluated the abil-
ity of bile acids to discriminate HCC from liver cirrhosis.
Figure 1 displayed the results of the ROC curves of the 14
bile acids and their diagnostic performance. Five conju-
gated bile acids (GCA, GCDCA, GUDCA, TCA, and
TCDCA) had the best diagnostic performance to separate
HCC from NHC with AUC ranging from (0.792-0.963, all
p < 0.05) and to separate HCC from NCLD with AUC
ranging from (0.795-0.966, all p < 0.05). Bile acids did not
discriminate HCC from CLD with AUC ranged from
(0.414=0638, all p > 0.05). Table 3 summarizes the AUC,
sensitivity, and specificity of the 14 bile acids at the cutoff
points detected by Youden's index of the ROC curves.

The interaction of the serum bile acids with the clinico-
pathological aspect of HCC
Table 4 presents the correlation between AFP and bile
acids and multivariate analysis between bile acids and the
clinicopathological parameter of HCC. Correlation ana-
lysis showed that among the 14 bile acids, CA, r = 0.285 p
< 0.001; LCA, r = 0126 p < 0033; TCA, r = 0117 p <
0.048: TLCA, r = 0.128 p < 0.031; and TUDCA, r = 0.656
p < 0.001 were positively correlated with AFP.
Multivariate analysis of the clinicopathological feature
of HCC (number of the focal lesion, lymph node in-
volvement, metastasis, Child-Pugh score, and Barcelona
stage of the disease) revealed that TLCA correlated with
three of these clinical parameters, namely, lymph node
involvement, number of focal lesions, and the Barcelona
stage of HCC. GDCA is associated with metastasis.
DCA, TDCA, and TLCA correlated with the Barcelona
stage. Five bile acids, one primary and four conjugated
bile acids (CDCA, GCA, GDCA, GUDCA, and TUDCA),
are associated with the Child-Pugh score. Five bile acids
{CA, GCDCA, LCA, TCDCA, and UDCA) did not cor-
relate with any of these clinical parameters and were sta-
tistically insignificant (P > 0.05).

Discussion

The study characterized the metabolic profile of 14 bile
acids associated with different stages of liver diseases
complicating chronic HCV infection in matched groups
of patients with NCLD, LCD, and HCC utilizing a meta-
bolomics approach employing ultrahigh-performance
liquid chromatography-tandem mass spectrometry. The
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Table 3 Analytical data obtained from ROC curve analysis of 14 Bile acid. The AUC, the cutoff point at the Youden's index, the

sensitivity, and the specificity of each hile acid

BA MNHC vs. HCC MNCLD vs. HCC CLD vs HCC
AUC Cutoff Sen% Sped AUC Cutoff Sende Spel AUC Cutoff Sen%h Sped

CA 0640 0005 88 34 0577 035 35 88 085 28 20 o8
CDCA 0743 0215 82 62 0E84 051 &0 6 0532 335 26 92
DCA 0470 055 15 100 0375 0365 22 4 D442 0045 ] a0
LCA 0792 0.00m 75 74 0514 0035 50 &0 0638 0:000 75 48
uDCca 0543 012 i 94 0594 0325 32 100 (47 0325 32 78
GCA 0389 155 7B 100 0.859 135 78 94 0&26 145 78 a6
GCDCA 0948 1.705 B4 96 090 315 74 100 0584 31 74 48
GDCA 0558 1015 32 ] 0502 0405 42 86 D414 322 2 100
GUDCA 0B850 0.22 8O 84 0.891 015 85 82 0812 0215 8O 46
TCA 085G 0025 74 E 0795 0475 60 100 0563 0435 &0 &4
TCDCA 0963 o %5 88 0565 0.5 &4 100 0635 055 84 38
TDCA 0516 0375 20 95 0559 01 26 100 0455 1025 0 100
TCA Qupag Q002 40 -] 0533 0007 34 96 0508 0.002 a0 70
TUDCA s 0125 iz g4 0es2 0055 46 a8 0536 s 32 96

NHC mormal healthy control, WOLD noncinhotic liver disease, CLD cirrhotic liver diseases, HOC hepatocellular carcinoma, B4 bile acid, N = 50, number of each
group. ROC receiver operator characteristic, AUC Area under curve, Sen. sensitivity, Spe. specificity. AUC > 0.8 indicates significant relation
CA cholic acid, COCA chenodecuycholic acld, DCA deoxycholic acid, LCA lnthachalic acid, UDCA ursodeaxycholic ackd, GCA glycholic acid, GCDCA

ghycochenodeoxycholic acid, GDCA glycodeasycholic acid, GUDCA glycoursodeoxycholic acid, TCA raurocholic acid, TCOCA taurochenadeowycholic acid, TDCA
wurodecxycholic acid, TLCA tawralithocholic acid, TUDCA rauroursodecxycholic acid

changes in the serum bile acids level in the noncirrhotic
patients compared to healthy controls were trivial, indi-
cating that the liver can handle the insult without
compromising the pool of the bile acids. Four conju-
gated bile acids, namely GCA, GCDCA, GUDCA, and
TCDCA, significantly increased in cirrhotic patients
compared with noncirrhotic and were consistent with
the clinical and biochemical parameters and thus could
be observed as biomarkers of the progress of the liver
cirrhosis disease.

In agreement with Zhao et al,, this study also found an
increase in the conjugated bile acids more than the un-
conjugated bile acids in cirrhotic and HCC patients, sug-
gesting that conjugated bile acids may reflect the
progress of the chronic liver cirrhosis to HCC [25). Ab-
normal metabolism of bile acids and oxidative stress are
early metabolic changes observed during the progression
of liver cirrhosis to early stages of HCC as they can trig-
ger DNA damage and induce apoptosis [26, 27). An in-
crease in conjugated bile acids has long been recognized
in patients with hepatobiliary diseases such as viral hepa-
titis, cirrhosis, and cholangiocarcinoma [28)]. Bile acid
conjugation results in less toxic and more water-soluble
bile acid types, thus protecting against cellular damage
from such toxic compound that triggers oxidative stress
and stimulates cell death signaling [22]. Yang et al
found upregulation of bile acids GCDCA, GDCA, and
GCA in patients with hepatitis B compared to healthy
control 5[25]. Yin Wan et al. detected upregulation of

Table 4 Bile acids comelation analysis with AFP and their
multivariate analysis with HCC clinical parameters

BA Pearson Multivariate analysis, F test

Carrelation

AFP BFL LN Met  CHPS B.stage
CA 0.29* p40™  gor™ 1p3M 239 o MO
CocA oo™ 007 ™ pa3™ ™ 3t g™
D:A o nm My 132 M5 333 ] 'E‘ 3'9 M5 ].62 M5 -4.02'
LCA 013" 140" 175 134™ g™ pas™
uDcA - o002 153™ 0i6™ o™ 234N poa s
GCA D04 N 076" o™ 026™ 28150 pas™
GIDCA 008" oM™ goo™ on™ 3™ g3pts
GDCA  —om ™S p2e% p3a™ 5070 133%™ pss
GUDCA 006 p77™ 014™ o048™ 2670 020
TCA 00 01z om™ o} M 1amr 2490
T':.Dc-lnl 'ﬂﬂ'? S G m Rt |:| 3D NS 0 ED 55 061 NS ﬂﬁ! M5
TOCA  —001 ™ 1639 002™ p13™ ™ g1
TLCA 013 446° 714" 126™ 138™ qae
TUDCA 066" 000" 000™ 000™ an*  ppo™

B4 bite acid, HOC hepatocellular carcinoma, N = 50; FL number of focal lesions,
LN lyrph node, Met metastasis, CHP-S Child-Pugh Score, B, stoge Barcelona
stage of HCC, * indicates P value < 0.05 and presence of a significant
correfation. ™ indicates P value = 005 and absence of a significant correlation
€A cholic acid, COCA chenodeoxychelic acid, DCA deoxycholic acid, LCA
lithocholic acid, UDCA ursodeoxycholic acid, GCA glychelic acld, GCDCA
glycechenodeosycholic acikd, GOCA glycedeoxycholic acid, GUDCA
glycourscdeoxychalic acid, TCA tauracholic acid, TCOCA
taurechenadeaxychalic acid, TOCA taursdeoxyehalic seid, TLEA
taurclithochatic acid, TUDCA taurcursodecxychalic acid
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four bile acids, GCA, GCDCA, TCA, and TCDCA in cir-
rhotic patients [23].

In the current study, bile acids profiles did not distin-
guish HCC from liver cirrhosis, although, GCDCA,
GCA, GUDCA, and TCDCA tended to be higher in
HCC but without evident statistical significant differ-
ence. Several metabolomics studies have identified me-
tabolite expression profile differences between HCC and
healthy controls [2, 29], however, as HCC is usually
present in patients with liver cirrhosis, it is more rele-
vant to consider cirrhotic patients as a control rather
than healthy subjects. The current study had the privil-
ege of including both the NCLD and CLD groups to re-
flect the progress of liver cirrhosis. Fewer studies
reported metabolomics profile differences between HCC
and liver cirrhosis [30, 31]. Ressom et al. characterized
the metabolic changes relating to HCC in patients with
liver cirrhosis and found that bile acids reduced in HCC
relative to cirrhosis [32]. Xiao et al. detected a downreg-
ulation of three bile acids, GCA, GDCA, and GCDCA,
in HCC compared to liver cirrhosis [33]. Chen et al.
identified four bile acids CA, GCA, DCA, and GCDCA,
altered differently in HCC from liver cirrhosis [2]. The
interaction of the bile acids with the clinicopathological
features of HCC showed that five bile acids, one primary
(CDCA) and four conjugated (GCA, GDCA, GUDCA,
TUDCA), correlated with the Child-Pugh score with a
predominance of the glycoconjugates form of bile acids.
Another three bile acids, one primary (DCA) and two
taurine-conjugated (TDCA, TLCA), bile acid correlated
with the Barcelona stage of the disease. Therefore, the
metabolic profile of these bile acids may predict the pro-
gress of liver cirrhosis to HCC [34). As this study lacks
the HCC group without cirrhosis, therefore, the effect of
the associated background cirrhosis as a confounding
factor could not be ignored, and further studies with
noncirrhotic HCC are required to confirm these find-
ings. The limitation of the study is as follows: al-
though patients groups were matched by demographic
and clinical characteristics to control factors that may
confound interpretation of the bile acids data yet,
other diseases such as diabetes, obesity, metabolic
syndrome, cardiovascular disease, and gastrointestinal
microbiota are related to bile acids metabolism.
Therefore, the coexisting of these diseases with liver
cirrhosis adds layers of complexity to metabolomics
profiling of bile acids [35-38]. The primary objective
of this work was to examine the disturbance of bile
acids in HCV-induced liver cirrhosis complicated by
HCC. Further studies integrating HCC metabolomics
data and the relationship of serum bile acid to the
direu:t-acting antiviral agents (DAAs) are needed to
delineate the complicated relationship with the other
diseases that might confound the result.

Conclusion

This study characterized the metabolic profile of 14 bile
acids in serum in patients with post HCV liver dysfunc-
tion ranging from non cirrhosis, cirrhosis, and hepato-
cellular carcinoma using UPLC-MS/MS methods. The
level of conjugated bile acids GCA, GCDCA, GUDCA,
and TCDCA were consistently higher in HCC than in
MNCLD and showed a tendency to be higher in HCC than
CLD but without evident statistical significant difference.
The increase in the serum bile acids level in patients
with HCV-induced liver cirrhosis might serve as warring
biomarkers for the progress of liver cirrhosis disease but
not HCC.
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Hepatic steatosis: a risk factor for

ncreased COVID-19 prevalence and

severity—a computed tomography study
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Abstract

Background: Around 25% of the world population was affected by the metabolic-related fatty liver disorder.
Hepatic steatosis is frequently observed in conjunction with hypertension, obesity comorbidities, and diabetes. We
evaluate the hepatic steatosis frequency found in chest CT exams of COVID-19-positive cases compared to non-
infected controls and evaluate the related increased prevalence and severity of COVID.

Results: Our research includes 355 subjects, 158 with positive PCR for COVID-19 (case group) and 197 with
negative PCR and negative CT chest (control group). The mean age in the positive group was 506 + 16years, and
in the control, it was 41.3 + 16 years (p < 0.001). Our study consists of 321 men (90.5%) and 34 women (9.5%). The
number of males in both cases and control groups was greater. In the case group, 93% men vs. 6.9% women, while
in controls, 88.3% men vs.11.6% women, p < 0.001. CT revealed normal results in 55.5% of individuals (i.e, CORADs
1} and abnormal findings in 45.5% of participants (ie, CORADs 2-5). In abnormal scan, CO-RADs 2 was 13.92%,
while CO-RADs 3-4 were 20.85% of cases. CO-RADs 5 comprised 65.19% of all cases. Approximately 42.6% of cases
had severe disease (CT score = 20), all of them were CO-RADs 5. The PCR-positive class had a greater prevalence of
hepatic steatosis than controls (28.5% vs.12.2%, p < 0.001). CO-RADs 2 represented 11.1%, CO-RADs 3-4 represented
15.6%, and CO-RADs 5 represented 73.3% in the hepatic steatosis cases. The mean hepatic attenuation value in the
case group was 46.79 + 12,68 and in the control group 53.34 + 10.28 (p < 0.001). When comparing patients with a
higher severity score (CT score 2 20) to those with non-severe pneumonia, it was discovered that hepatic steatosis
is more prevalent (73.2% vs. 26.8%).

Conclusions: Steatosis was shown to be substantially more prevalent in COMID-19-positive individuals. There is a
relation among metabolic syndrome, steatosis of the liver, and obesity, as well as the COVID-19 severity.

Keywords: Fatty liver, Computed tomography, COVID-19

Key points s Fatty liver and metabolic syndrome are significant
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predisposing parameters for COVID-19 infection
e High-resolution computed tomography aids and increase disease’s severity.
clinicians in evaluating lung affection in COVID-
positive cases.

; ) . Background
e Fatty liver and obesity are rising globally,

The World Health Organization declared corenavirus
disease 2019 (COVID-19) as a pandemic on March 11,
2020 [1]. By May 2021, around 165,772,430 reported
cases and 3,437,545 mortalities had occurred (https://
www.who.org). COVID-19 is symptomatized by fever

Theodor Biharz Institute, Komish Elnll, Embaba, Giza, Egypt and dry cough, and the infection is diagnosed by a real-



time reverse transcription-polymerase chain reaction
(RT-PCR) test [2, 3]. Due to the rise in global cases,
other symptoms like constipation, diarrhea, abdominal
pain, and vomiting have risen; these are associated with
abnormal renal and liver functions, and D-Dimer levels
[4. 5]

COVID-19 can impact other organs besides the re-
spiratory system, like the cardiovascular system, kidneys,
liver, and coagulation system [6-10].

Diabetes, age, metabolic syndrome, hypertension, and
obesity are all risk parameters for severe/critical illness
and death [11-13).

People with obesity and type 2 diabetes are at greater
risk for non-alcoholic fatty liver disease NAFLD, that
worsen these disorders. It has been linked to an inflam-
matory response (increased neutrophil-to-lymphocyte
ratio [NLR]) and subsequent poor outcomes in COVID-
19-infected cases [14].

NAFLD has risen over the last two decades, affecting
around 24% of the individual [15, 16]. NAFLD is a com-
plex process with hepatic and extrahepatic pathophysi-
ology and clinical symptoms. It leads to ectopic fatty
substrate deposits in the liver, ranging from simple stea-
tosis without inflammation to steatchepatitis, which
causes cirrhosis and fibrosis [15].

CT affects the care of COVID-19 individuals because
it aids in the early discovery and diagnosis, particularly
in cases when the RT-PCR result is false-negative [16].

COVID-19 chest CT results are typically multifocal bi-
lateral, mostly peripheral subpleural round, ground-glass
opacities with or without patchy consolidations affecting
mostly the posterior lower lobes [17]. Additionally, air-
way changes, reversed halo sign, and crazy paving pat-
terns can be detected [18]. The Radiological Society of
North America (RSNA) defined four categories on
reporting chest CT findings in COVID-19 pneurmnonia:
(1) typical features that are usually reported in COVID-
19, (2) indeterminate features that are not characteristic
of COVID-19 pneumania, (3) atypical features that are
uncommon in COVID-19 pneumonia but can oceur
with other infections, and (4) negative for lung inflam-
mation with no lung results denoting infection. Chest
CT may be negative in the early stages of COVID-19 in-
fection [19].

We frequently include the upper abdomen in the regu-
lar CT scan of the chest conducted to assess cases with
COVID-19 pneumonia, so that most of the liver and
spleen can be viewed and examined [20].

The regular liver appears slightly more attenuated on
non-contrast CT than the blood and spleen, and the
intrahepatic arteries present as hypo-attenuated struc-
tures. Although histopathological analysis and liver bi-
opsy are the gold measure for determining hepatic
steatosis, they are invasive procedures. As a result,

Hepatology and Transplant Hepatology: A Case-Based Approach

numerous studies have examined non-invasive alterna-
tives to liver biopsy utilizing CT imaging [21].

Unenhanced CT liver attenuation alone is highly spe-
cific for moderate to severe hepatic steatosis, obviating
the requirement for verification by biopsy [22].

Mumerous approaches have been used for evaluating
hepatic steatosis by computed tomography; the most im-
portant of which is determining the liver's attenuation
value. In the non-enhanced phase, the region of interest
is set in the right hepatic lobe; if it is less than 40 HU,
this indicates moderate hepatic steatosis with a fat liver
percentage greater than 30% [23, 24]. Another way for
assessing hepatic steatosis is to compare the area of
interest in the splenic parenchyma to the liver, when we
find the attenuation of liver is at least 10 HU less than
that of the spleen. Several studies have demonstrated
that non-enhanced CT has a great sensitivity (from 43 to
95%) and a great specificity (from 90 to 100%) for de-
tecting hepatic steatosis [25-27].

Methods

This retrospective study was conducted at our institu-
tion's Radiclogy Department from May 1, 2020, to June
1, 2020. Approval was acquired from the Institution's

Ethics and Research Committee. Informed consent was
taken.

Inclusion criteria

Our research included 355 subjects who presented with
flu-like symptoms and were suspected of being infected
with COVID-19. They underwent PCR checking and
chest CT for COVID-19. For all, we utilize the same 64-
slice CT scanner (Siemens Healthcare, Germany).

The case group included 158 subjects (PCR positive
for COVID-19), while the control group consisted of
197 subjects with a negative PCR test. It is widely estab-
lished that false-negative RT-PCR can happen in infected
individuals, but CT chest may reveal disease signs (posi-
tive CT). Therefore, to ensure the control group’s nega-
tivity, we checked their CT chest and retained only
those who had a negative CT chest (PCR-negative and
chest CT-negative pattern).

Two radiologists with over 10 years of expertise inter-
preted the CT chest,

CT evaluation involved identifying the areas of
ground-glass opacities, crazy-paving patterns (ground-
glass opacities with interlobular septal thickening),
atelectatic bands, and consolidations. CT results were di-
vided into five classes using the RSNA Expert Consensus
Criteria [28], as well as the COVID-19 Reporting and
Data System (CO-RADs) from the COVID-19 Working
Group of the Dutch Radiological Society [29]. CT results
are graded according to these grading methods as nor-
mal, inconsistent, or typical of COVID-19 pneumeonia.
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The severity of lung affection (CT severity index) was
measured as per Yang et al. A CT score of more than
20/40 indicates serious illness and is typically related to
a poor prognosis [30].

We assess hepatic steatosis in our research by deter-
mining the attenuation of liver value. The area of inter-
est (with an average area of 10 cm?) was located in the
right hepatic lobe (between segments VI and VII),
chosen area away from the biliary tree, vessels, or focal
lesions. We examine one slice and define the liver as
fatty if the HU reading is less than 40.

Statistical analysis

SPSS (Statistical Package for the Social Sciences; SPSS
Inc., Chicago, IL, USA) release 25 was utilized for all
statistical calculations. Standard deviations and means
are used to describe quantitative data, while percentages
are used to indicate qualitative data. Per the variable dis-
tribution, we employed the t-Student and chi-square
checks. A p-value below 0.05 was considered significant.

Results
Characteristics of study group (Table 1)

e Our research includes 355 subjects, 158 with
positive PCR for COVID-19 (case group) and 197
with negative PCR and negative CT chest (control
group). The mean age in the positive group was 50.6
+ 16 years, and in the control, it was 41.3 + 16 years
(p < 0.001).

Our study comprised 321 men (90.5%) and 34
women (9.5%). The number of males in both cases
and control groups was greater. In the case group,
93% men vs. 6.9% women, while in controls, 88.3%
men vs 11.6% women, p < 0.001.

CT demonstrated normal results in 55.5% of
individuals (i.e,, CORADs 1) and abnormal findings
in 45.5% of participants (i.e.,, CORADs 2-5). In
abnormal scan, CO-RADs 2 was 13.92%, while CO-

ar

RADs 3-4 were 20.89% of cases. CO-RADs 5 com-
prised 65.19% of all cases. Approximately 42.6% of
cases had severe disease (CT score z 20); all of them
were CO-RADs 5.

Association with steatosis (Figs. 1, 2, 3, 4, and 5)

+ The PCR-positive group had a greater prevalence of
hepatic steatosis than controls (28.5% vs.12.2%, p <
0.001). CO-RADs 2 represented 11.1%, CO-RADs
3-4 represented 15.6%, and CO-RADs 5 represented
73.3% in the hepatic steatosis cases.

The mean hepatic attenuation value in the case
group was 46.79 + 12.68, and in the control group,
53.34 = 10.28 (p < 0.001).

When comparing patients with a higher severity
score (CT score = 20) to those with non-severe
pneumonia, it was discovered that hepatic steatosis
is more prevalent (73.2% vs. 26.8%).

Discussion

In 2016, the World Health Organization reported that
1.9 billion adults were overweight, with over 650 million
being obese [31]. Obesity is the mast major and signifi-
cant risk factor in developing hepatic steatosis in adults
and children [32].

Obesity is thought to be a condition of low-grade sys-
temic inflammation that has been linked to a variety of
metabolic diseases like type 2 diabetes mellitus and dys-
lipidemia. It can alter immunological responses, causing
the immune system more sensitive to infection develop-
ment [33].

Due to its endocrine roles and the release of various
adipokines and proinflammatory cytokines like leptin,
interleukin 6, C-reactive protein, visceral adipose tissue,
and TNF are more metabolically active than subcutane-
ous adipose tissue [34, 35]. It is well documented that
raised IL-6 levels are related to chronic inflammatory
airway disorder. MNumerous studies have discovered

Table 1 Demographic comparison parameters and statistics between the two groups

Parameter Case group Control group
Positive PCR Megative PCR/negative chest CT
N =158 N =197
Age 506 = 16years 41.3 = 16 years
Sex
Male M = 147 (939) M = 174 (88.3%)
Female N =11 (65%) M= 23 (11.6%)
Steatoss 285% 1256
HU 46.79 £ 1268 5334 £ 10.28
CO-RADs CO-RaDs 2, N = 22 (13.92%) CO-RAD: 1, N = 197 (55.53)

CO-RADs 3-4, N = 33 (208%%)
CO-RADs 5, N = 103 (65.19%)
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| abodominal cuts show hepatic steatosis

| Flg. 1 Male patient, 45 years old, CT chest shows muliiple bilateral pulmanary patchy ground-glass opacines, repored as CORADs 5. Upper

greater IL-6 concentrations in post-mortem specimens
from COVID-19 cases [36, 37]. Leptin has been
linked with airway reactivity, and current research in-
dicates that leptin concentrations are increased in
COVID-19 cases with significant pulmonary inflam-
mation [38, 39].

= — S

COVID-19 invades human cells through binding with
angiotensin-converting enzyme 2, and some research
shows that the renin-angiotensin-aldosterone system's
imbalanced activity in obese individuals contributes to
this pathogenesis. Because ACE2 expression is greater in
adipose tissue than in lung tissue, and because ACE2 in

| Fig. 2 Female patient, 28 years old. CT chest shows multiple pulmonary ground-glass opacities mounting to consolidative patches, reported as

Ot & | f abriren i wh
CORADS 5. Upper abdominal cuts show di

iffuse kow parenchymal attenuation of the lwer denoting fatty nfiltration
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Fig. 3 Male patient, 36 years old. The first scan after few days of syrmproms shows just @ small patchy ground-glass opacity in the migddle lobe

The second scan after 3 weeks for follow-up shows a progressive course with multiple pulmonany ground-glass opacities. CT curs of the upper

ibdomaen show a famy lver

— ———

Fig. 4 Male patient, 4 years. CT chest shows bilatesal lower lobar subpleural patchy ground-glass opacities with underlying interlobular sepral
thickening and atelectatic bands, reparted as CORADs 5. Upper abdominal curs thow fatty hepatomegaly
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| Flg. 5 Female patient, 58 years old. The first scan shows mulnple subpleural ground-glass opacities on follow-up after 3 meonths. CT shows
| muitiple subpleural parenchymal bands. Upper abdominal cuis show famy hepatomegaly
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lung tissue is known to be the primary entry point for
SARS-CoV-2, this increases the sensitivity of obese pa-
tients to infection [40].

Additionally, obese individuals have impaired B and T
cell responses due to changes in the quantity and func-
tion of lymphocytes, resulting in an increased vulnerabil-
ity to viral infection. In virally infected obese individuals,
the inflammatory response is dysregulated, resulting in a
reduction and delay in macrophage activation [41].
Obesity can promote antiviral resistance as well [42].

NLR, a measure of systemic inflammation, was consid-
erably elevated and related to poorer results in cases in-
fected with COVID-19 [43]). There is a substantial
correlation between this ratio and the severity of liver fi-
brosis in people with NAFLD. Current research has
established that this association affects the COVID-19-
induced inflammatory storm, which is associated with
raised death and morbidity. In cases infected with
COVID-19, liver injury occurs following lung injury [44].
This destruction could be caused by the overactivation

of Kupffer cells, the production of a cytotoxic T cell re-
sponse produced by the virus, or the production of a
dysregulated innate immune response [45]. In these
cases, post-mortem liver biopsies revealed microvascular
steatosis [44].

According to Zheng et al., individuals with metabolic-
associated fatty liver disease and obesity had a sixfold
raised chance of developing severe COVID-19 infection
[46]. Another research indicated that populations with
metabolically related fatty liver disease (MAFLD) have a
fourfold greater risk of developing severe forms of
COVID-19 [47].

Per Palomar-Lever et al.'s findings, the combination of
obesity and hepatic steatosis led to a significant relation-
ship with serious illness, implying a synergic connection
between both [20].

Medeiros et al. concluded that the steatosis prevalence
on CT was greater in confirmed COVID pneumonia
cases than in the control. This is important for radiolo-
gists because liver stealosis can be easily assessed and

iy
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verified by any radiologist reading a chest CT. Moreover,
this data can be added to the clinical data available to
clinicians [48].

In research conducted in New York, cases with a body
mass index (BMI) of = 30 had a higher chance of acute
care hospitalization, and those with a BMI of 2 35 had a
higher risk of intensive care unit admission [49].

Additionally, it was observed that cases with NAFLD
had a greater rate of progression to severe illness and
poorer findings in COVID19 [44, 50, 51].

Ji et al. studied NAFLD in 202 cases with COVID-19
using the hepatic steatosis index based on ALT, AST,
body mass index, gender, presence of diabetes, and/or
an ultrasound examination. They discovered that preex-
isting comorbidities and NAFLD were linked with
COVID-19 progression [44].

According to Zhou et al, the risk of severe COVID-19
increases fourfold when metabolic-related fatty liver dis-
ease is present [52].

As with the previous research, univariate and multi-
variate analyses suggested that individuals with NAFLD
had an increased risk of disease progression. Comorbidi-
ties like diabetes mellitus, hypertension, coronary artery
disease, and COPD are identified as additional risk pa-
rameters for COVID-19 progression (44, 53].

Petersen et al. used low-dose computed tomography
and post-processing software to measure body fat distri-
bution particularly visceral adipose tissue and upper ab-
dominal circumference in COVID patients and found
that these two parameters significantly increase the like-
lihood of COVID-19 severe courses [54].

Parlak et al. found that chest CT, which is critical for
diagnosing COVID-19, can provide data about the dis-
ease’s prognosis and that fatty liver is a significant indi-
cator of a bad prognosis and may be easily spotted on
chest CT used for COVID-19 diagnosis [55].

Limitations
Other significant variables like hypertension, lipid pro-
file, diabetes, weight, obesity, body mass index, and liver
function were not evaluated. Hence, a correlation be-
tween these variables and hepatic steatosis could not be
established.

Conclusion

In confirmed COVID-19 cases, our research demon-
strates a considerably greater frequency of hepatic stea-
tosis by CT as compared to controls. There is a
correlation among metabolic syndrome, steatosis of the
liver, and obesity, as well as the severity of COVID-19.
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Reversion to regular diet with alternate
day fasting can cure grade-l non-
alcoholic fatty liver disease (NAFLD) in
high-fructose-intake-associated
metabolic syndrome

Nehal Mohamed Bahgat Gamil'Z'@, Sahar Mohamed El Agaty', Gehan Khalaf Megahed',
Rania Salah Mansour' and Marwa Saad Abdel-Latif’

Abstract

Background: Non-alcoholic fatty liver disease (NAFLD) is an emerging global health problem that accompanied
the obesity epidemic and is considered as the hepatic component of metabolic syndrome (MetS). Modification of
lifestyle of MetS patients remains the focus 1o reverse and prevent progression of hepatic steatosis to NAFLD and
its worsening to severe forms. The present study investigates the possible curability of metabolic syndrome
-associated grade-1 NAFLD merely by alternate day fasting with or without reversion to regqular diet in adult male
rats. The present study was performed on 66 local strain male rats aged (6-10 m)) distributed randomly into C
group (n = 12}, on regular rat diet; and M group (n = 54) on high fructose- intake. On the 8th week, then rats were
subjected 1o measurement of BW, BMI, WC, FBG, IPGTT, HDL-C, TGs, and liver histopathology, to include MetS rats
randomly into four experimental groups for 4 weeks as follows: M5 (n = 14); MSRD (n = 12); MSF (n = 13); and
MSROF {m = 12). On the 12th week, all rats were subjected 1o measurernents of BW, BMI, WIC, LW, LW/BW, VFW,

VEWYBW, FBG, IPGTT, Ins, HOMA-IR, Hba1C, TGs, TC, LDL-C, HDL-C, CRP, Alb,, bilirubin, ALT, L-MDA, and liver
histopathology.

Results: On the 8th week M group developed MerS and grade-l NAFLD with score-4 hepatosteatosis (69%). On the
12th week, M5 group had grade-1 NAFLD with score-4 hepatosteatosis (82%) with significantly increased Ins,
HOMA-IR, ADL-C, LW, LW/BW, L-MDA, ALT, CRP, and significantly decreased Alb. than C rats. Both MSRD and M5F
groups had grade-1 NAFLD with score-3 hepatosteatosis (42%) with significantly decreased Ins, HOMA-IR, TC, LDL-
C, LW, LW/BW, L-MDA, ALT, CRP, and significantly increased HDL-C and Alb. than M5 group. MSRDF rats showed

cure of grade-1 NAFLD and significantly decreased LW than other groups and normalized HOMA-IR, HbA1C TC,
LOL-C, ALT, ang CRP.

Conclusion: One month of alternate-day fasting and regular rat diet could cure grade-l NAFLD associated with
Mets due 1o high fructose intake possibly by attenuating metabolic disorders. These two interventions might be
recommended in the management of Met5 patients with grade 1-NAFLD disease.

Keywords: Melabolic syndrome, Non-alcoholic fatty liver disease, Hepatic steatosis, Alternate day fasting, Insulin
resistance
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Background

The metabolic syndrome (MetS) is a cluster of risk fac-
tors for cardiovascular disease and type 2 diabetes melli-
tus [1). The diagnosis of MetS is based on presence of 3
of Sfactors, which include TGs 150 mg/dL or greater,
high-density lipoprotein cholesterol (HDL-C) of less
than 40 mg/dL in men and less than 50 mg/dL in
women, hypertension defined as systolic blood pressure
130 mmHg or greater or diastolic blood pressure 85
mmHg or greater, hyperglycemia defined as fasting glu-
cose 100 mg/dL or greater, and increased waist circum-
ference, defined by country and population-specific
criteria [1].

The incidence of non-alcoholic fatty liver disease
(NAFLD) has been increasing in concert with the rising
rates of Met5 [2]. Epidemiclogical data shows that global
prevalence of NAFLD in different populations is around
30% [3]. NAFLD is the most common cause of chronic
liver disease worldwide [4]. NAFLD is comprised of non-
alcoholic fatty liver (NAFL) and nonalcoholic steatohe-
patitis (NASH) [5]. NAFL is characterized by steatosis of
the liver, involving greater than 5% of parenchyma, with
no evidence of hepatocyte injury [6]. Whereas NASH is
a necroinflammatory process whereby the liver cells be-
come injured in a background of steatosis [6]. NASH
may progress to fibrosis, cirrhosis, and hepatocellular
carcinoma (HCC) (7, 8]. According to the guidelines of
the American Association for the Study of Liver Diseases
(AASLD), the definition of NAFLD requires the pres-
ence of primary hepatic steatosis diagnosed either by im-
aging or by histology and no other reasons for secondary
hepatic fat accumulation [9]. Within the next 20 years, it
is expected that NAFLD will be the major cause of liver-
related morbidity and mortality as well as a leading indi-
cation for liver transplantation [10].

The development of NAFLD (i.e, steatosis) results
from an increased inflow of free fatty acids (FFA) de-
rived from insulin-resistant adipose tissue, altered hep-
atic processing of dietary lipids delivered by lipoproteins,
increased hepatic de novo lipogenesis, or impaired lipid
export out of the hepatocytes [4]. Also, alterations in the
production and secretion of adipokines and inflamma-
tory cytokines due to adipose tissue dysfunction because
of insulin resistance are involved [11]. Moreover, the
production of reactive oxygen species, endoplasmic
reticulum stress coupled with mitochondrial dysfunc-
tion, and the gut microbiota had been recognized as key
players in the pathogenesis of NAFLD (2, 12].

NAFLD remains asymptomatic in a significant propor-
tion of patients, and the diagnosis is often suspected
when liver functions are found abnormal on biochemical
testing or hepatic imaging (ultrasonography, computed
tomography [CT], or magnetic resonance imaging [MRI]
of liver) suggest fatty liver, when performed for other

purposes [13]. Liver biopsy remains the gold standard
for diagnostic evaluation of NAFLD [13]. Biopsy not
only confirms the diagnosis but provides information on
extent of fibrosis and steatosis, necro-inflammation, and
architectural distortion [13].

Human fructose consumption is largely driven by
added sugars, and the intake of sugar-sweetened bever-
ages generally corresponds to total fructose intake [14].
Several epidemiological studies have evaluated the asso-
ciation between average daily fructose intake and hepatic
steatosis [15]. Several factors may potentially contribute
to fructose-induced NAFLD, including the induction of
the MetS [16].

There is no single intervention that is proven to be
fully effective in the treatment and cure of NAFLD [13).
The main goals of treatment are to improve steatosis
and to prevent progression of the disease [13]. Intense
lifestyle modification and treatment of the risk factors
are the cornerstones of disease management [13]. Med-
ical and surgical interventions serve as second-line treat-
ments, or as adjuvants [13]. Both exercise and dietary
interventions in isolation or in combination have been
shown to improve biochemical and histological parame-
ters of NAFLD [13].

There are two methods of dietary restriction, which
are caloric restriction (CR) and intermittent fasting
(IMF) [17]. IMF protocols can be grouped into
alternate-day fasting (ADF), whole-day fasting, and time-
restricted feeding like one-meal-per-day [18]. ADF regi-
mens consist of a “feed day” (ad libitum food intake for
24 h) alternated with a “fast day” (complete fast for 24
h), but the overall energy intake is not limited [19]. IMF
is a nutritional intervention with significant metabolic
effects on the liver that are not yet fully understood.

Methods

Experimental animals

This study was approved by the Research Ethics Com-
mittee at the Faculty of Medicine, Ain Shams University
(The FMASU REC) that operates under Federal Wide
Assurance No. FWA 000017585,

The present study was performed on 66 local strain
male rats, initially weighing 120-180 g. Rats were pur-
chased from VACSERA (EGY VAC) (Helwan, Cairo)
and were housed in Medical Ain Shams Research Insti-
tute (MASRI) Animal House, Faculty of Medicine, Ain
Shams University, under standard conditions of boarding
at room temperature 22 + 4 *C. Rats were kept in plastic
cages (3-5 rats/cage) for 2 weeks for acclimatization.
Animals were randomly allocated into the following two
groups:

Group I; control rat group (C, n = 12): Rats in this
group were fed the control diet for 8 weeks. At the end
of the 8th week, two rats were scarified for
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histopathological study of the liver; the other 10 rats
were continued on the control diet for additional 4
weeks and were studied by the end of the 12th week.

Group lI; metabolic syndrome with liver steatosis rat
group (M, n = 54): Metabolic syndrome was induced by
high fructose diet besides additional fructose solution (4
g fructose dissolved in 4 ml distilled water/rat/day) in-
troduced daily by gavage. The high fructose diet and so-
lution was given for 8 weeks. At the end of the 8th
week, three rats were scarified for histopathological
study of the liver. Blood samples were withdrawn from
all rats for laboratory examination, then the proven
metabolic syndrome rats (1 = 51) were randomly allo-
cated into the following four experimental groups:

A. Untreated metabolic syndrome group (MS, n = 14):
Rats in this group were continued on high fructose
diet and the fructose solution by gavage similar to
M group for additional 4 weeks and were studied at
the end of the 12th week.

B. Metabolic syndrome group reverted to regular rat
chow (MSRD, »n = 12): Rats in this group were
reverted to control diet for 4 weeks.

C. Metabolic syndrome group on alternate-day fasting
(MSF, n = 13) according to Varady et al. [20]: Rats
in this group underwent alternate-day fasting regi-
men in the form of alternating 24-h periods of ad
libitum feeding and fasting (100% calorie restriction
on fast day, ad libitum high fructose diet on feed
day with the fructose solution by gavage similar to
the M group) for 4 weeks.

D. Metabolic syndrome group reverted to regular rat
chow and on alternate-day fasting (MSRDF, » =
12): Rats in this group underwent alternate-day fast-
ing regimen in the form of alternating 24-h periods
of ad libitum feeding and fasting (100% calorie re-
striction on fast day, ad libitum control diet on feed
day) for 4 weeks,

Control diet: Rats were fed rat chow consisting of corn
starch (61%), Kareish cheese (casein, 20%), wheat bran
(9.5%), butter (5%), mineral mixture (3.5%), and vitamin
mixture (1%) according to Patel et al. [21]). Food was
prepared weekly and was kept in the refrigerator and
was administrated ad libitum.

High fructose diet: This diet was prepared as the con-
trol diet except for corn starch, which was replaced by
fructose powder (Fructofin C, manufactured by Danisco
Sweeteners Oy, Kotka, Finland), according to Patel et al.
[21] to be 61% fructose powder, 20% casein, 9.5% wheat
bran, 5% butter, 3.5% mineral mixture, and 1% vitamin
mixture; however, the route of administration was modi-
fied, where fructose content in the formula was reduced
to 40% instead of 60% to avoid food aversion and the
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remaining 20% was given by gavage according to Bahgat
et al. [22]. Adult rats on high fructose diet showed aver-
age food intake ~20 g/rat/day by the 2nd-4th week.
Thus, 61% fructose content in the diet formula is =12 g/
rat, 2/3 of it was given in the diet and the remaining 1/3
(4 g fructose/4 ml distilled water/rat/day) was given by
gavage. Food was prepared weekly and was kept in the
refrigerator.

At the end of the accommeodation period, all rats in
the present study were subjected to basal assessment of
body weight (BW), body mass index (BMI), waist cir-
cumference (WC), fasting blood glucose level (FBG), and
intraperitoneal glucose tolerance test (IPGTT). Retro-
orbital blood samples were taken for determination of
serum levels of HDL-C and TGs. Throughout the ex-
periment, all rats were subjected to weekly assessment of
BW. At the end of the induction period of metabolic
syndrome (8th week), all rats were re-assessed for the
same parameters mentioned before. Five randomly se-
lected rats from C and M rat groups were scarified for
histopathological study of the liver to prove the presence
of steatosis.

At the end of the study on the 12th week, 1 day before
sacrifice, rats were subjected to estimation of FBG by
using GlucoDr SuperSensor™ test strips and the GlucoDr
Super Sensor™ Meter apparatus (model name AGM-
2200, manufactured by All Medicus Co., Ltd., KOREA).
Glucose tolerance testing was performed according to
Zhang et al. [23], using p-glucose stock (Anhydrous glu-
cose A.R) supplied by El-Nasr Pharmaceutical Chemi-
cals; area wunder the curve (AUC) was calculated
according to Matthews et al. [24].

On the day of sacrifice, overnight fasted rats were
weighed, placed on its back, fixed on the dissecting table,
and the length of the rat was measured from the tip of
the nose (while the neck is extended) to the anus to cal-
culate the BMI according to the following equation:
Body mass index (BMI) = Body weight (g) / length (em?)
[25], then the measuring tape was carefully placed under
the rat and around the transverse plane, directly below
the bottom rib of the rib-cage to measure the WC ac-
cording to Panchal et al. [26].

The rats were anesthetized by intraperitoneal injection
of phenobarbitone in a dose of 40 mg/kg body weight,
blood samples were taken in two separate tubes, one
containing EDTA for estimation of glycosylated
hemoglobin (HbA1C) and the other was centrifuged at
4000 rpm for 20 min to separate the serum, that was
then stored frozen at - 80 °C for subsequent determin-
ation of the other biochemical studies. Visceral fat and
liver were excised, washed with 0.9% saline solution, and
dried by filter paper, then they were freshly weighed in
the same day using 5-digit precision Metler balance
(AE163).The results were expressed as absolute values
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(g) and relative values to the body weight (absolute tis-
sue weight / body weight, g/g).

Biochemical measurements
HbA1C (BioSystems S5.A. Costa Brava, 30.08030 Barce-
lona (Spain), colorimetric method). Serum TGs (BioMed
laboratory, Badr City, Egypt, colorimetric method) ac-
cording to Fassati and Prencipe [27]. Serum TC (BioMed
laboratory, Badr City, Egypt, colorimetric method) ac-
cording to Tietz [28]. Serum HDL-C (BioMed labora-
tory, Badr City, Egypt, colorimetric method) according
to Young [29]. Serum fasting insulin and C-reactive pro-
tein (CRP) (MyBiosource, Inc., USA, enzyme immuno-
assay (ELISA)). Serum albumin (BioMed laboratory,
Badr City, Egypt, colorimetric method) according to
Doumas and Biggs [30]. Serum total bilirubin (BioMed
laboratory, Badr City, Egypt, colorimetric method) de-
scribed by Rand and Di Pasqua [31] automated by Golub
[32]. Serum alanine transferase (ALT) (BioMed labora-
tory, Badr City, Egypt, colorimetric method) according
to Henry [33]. Liver tissue malondialdehyde (MDA)
(Biodiagnostic, Egypt, colorimetric method) according to
Satoh [34] and Ohkawa et al. [35]. Caleulation of low-
density lipoprotein cholesterol (LDL-C) according to the
[D].Iﬂ‘-\"'.i.ﬂg EE_[I.IEitiDI'I: CLDL = CTnhI'CHD[.'TGIS' {36]
Calculation of insulin resistance (HOMA-IR) score: in-
sulin resistance was calculated by the Homeostasis
Model Assessment Score = (fasting insulin (pIU/mL) x
fasting glucose (mmol/L) / 22.5) [37]. Serum insulin was
converted from ng/mL, to plU/mL by dividing it by
0.0347 [38]. To convert blood glucose to plasma glucose,
the values were multiplied by 1.12 [39]. As blood glucose
was measured in mg/dl, it was converted to mmol/L by
dividing by 18.016. Biochemical analysis was carried out
blindly by an expert clinical pathologist.

Histopathological study

The liver specimens were collected and fixed in 10%
buffered formalin and embedded in paraffin. Five mi-
crometer sections was cut and stained with hematoxylin
and eosin (H&E), periodic acid-Schiff (PAS), and Mai-
son Trichome. Diagnosis and grading of nonalcoholic
fatty liver disease (NAFLD) was done according to
Mendler et al. [40] in control (C) and metabolic syn-
drome (M) groups at the end of 8th week of the study;
and in all studied groups 4 weeks later at the end of the
study. Histopathology was carried out blindly by an ex-
pert histopathologist.

Statistical analysis

All statistical data and significance tests were performed
by using Statistical program for Social Science (SPSS
Inc.) version 20 according to Armitage and Berry [41].
Differences in the same group were determined by

Student's “t" test for paired data, differences between 2
groups were compared by independent sample “t" test,
and differences between all 5 groups were compared by
one-way ANOVA with least significant difference test
(LSD), a probability of P < 0.05 was considered statisti-
cally significant. Correlation coefficients were calculated
by linear regression analysis (ranking data directly or in-
directly) using the least square method. A probability of
P < 0.05 was considered statistically significant. All re-
sults were expressed as mean £ SEM.

Results

Eighth week versus initial results of metabolic syndrome
(M) and control (C) groups:

The 8th week values of BW, BMI, and WC were signifi-
cantly higher than their corresponding initial values in
both C (P < 0.001, P < 0.005, P < 0.005 respectively) and
M groups (P < 0.001) (Table 1)

Eighth week values of the blood glucose levels during
IPGTT at 60 min, 90 min, and 120 min, and AUC were
significantly increased in C rats compared to their corre-
sponding initial values (P < 0.05, P < 0.05, P < 0.01, P <
0.05 respectively). For M group, the 8" week values of
FBG, blood glucese levels during IPGTT at 30 min, 60
min, 90 min, and 120 min, PG and AUC were signifi-
cantly increased in M group compared to their corre-
sponding initial values (P < 0.001) (Fig. 1); both C and
M groups presented a significantly higher serum level of
TGs (P < 0.005, P < 0.001 respectively) along with a sig-
nificantly lower HDL-C (P < 0.001) in the 8th week
compared to their corresponding initial values.

The initial values of BW, BMI, WC, FBG, IPGTT, PG,
AUC, and serum levels of TGs and HDL-C were insig-
nificantly different between C and M groups. After 8
weeks of high fructose diet, M rats exhibited a signifi-
cantly higher values of WC; blood glucose levels (mea-
sured during IPGTT) at 30 min, and 120 min; PG, AUC
associated with a significant lower serum levels of HDL-
C in comparison to C group (P < 0.05) (Figs. 1 and 2).

Final versus 8th week results of C, MS, MSRD, MSF, and
MSRDF

BW and BMI were not significantly changed, whereas
WC was significantly increased in the C and MS groups
in comparison to their corresponding Sth week’s values
(P < 0.05, P < 0.01, respectively). BW and WC were sig-
nificantly increased in metabolic syndrome group
reverted to regular rat chow (MSRD) group compared to
their corresponding 8th week's values (P < 0.05). How-
ever, BW, BMI, and WC were significantly decreased in
metabolic syndrome group on alternate-day fasting
(MSF) group (P < 0.001, P < 0.001, P < 0.005 respect-
ively) and MSRDF (P < 0.001) groups (Table 2).
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Table 1 The initial and 8" week anthropometric and lipid parameters in control and metabolic syndrome groups

BW (gm) BMI [gmiem?) WC (em) TGs (ma/dl) HDL-C (mg/dl)

Initial 8" week  Initial 8% week  Initial 8" week Initial 8" week  Initial 8" week
€ 14083 188.33% 0.42 0.48" 11.00 11.79* 100.09 120.82* 61.09 37.70°

+218 +6.63 £0.00  +0.01 £0.16 0,18 +3.27 +3.89 +1.70 +1.97

(12) 12) 12) (12) (12) (12) (11) (1) a1 (10)
(M) 14244 179.93° 0.43 0.49* 1063 12.25% 93.78 119.33* $8.14 30.84%

+1.84 +3.05 $000  0.01 $009  +0.09 £1.72 +2.77 +1.09 +1.32

(54) (54) (54) i54) (54} (54) (51) {51) {51} {51}

M, metabolic syndrome group; C, control group; BW, body weight; BML, body mass index; W, waist circumference; TGs, triglycerides; HDL-C, high density

lipoprotein cholesterol

In the parenthesis is the number of observations

Data are expressed as mean = 5EM

*; Significance from initial value, by Student’s “t™ test for paired data, at P <005

o Significance from control group, by Student's "t test for un-paired data, at P <0005

Compared to 8th week values, serum TGs were signifi-
cantly decreased in C group (P < 0.001), but significantly
increased in M5 group (P < 0.05), but showed significant
decrease in MSF group (P < 0.01) and insignificant
change in MSRD and MSRDF groups. On the other
hand, HDL-C showed significant increase in C, MSRD,
MSF, and MSRDF groups (P < 0.001, P < 0.05, P < 0.01,
P < 0.005 respectively) with insignificant change in MS
group (Table 2).

Compared to 8th week values, final FBG, blood glu-
cose levels during IPGTT at 30 min, 60 min, 90 min,
and 120 min; PG; and AUC; all were not significantly
changed in the C group. The MS group exhibited a sig-
nificantly lower final levels of blood glucose during
IPGTT at 60 min, 90 min, and 120 min, along with a
significant decrease in AUC versus their corresponding
8th week's values (P < 0.05, P < 0.001, P < 0.005, P <
0.005 respectively). Although, alternate day fasting alone
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significantly decreased the final FBG only in MSF rats (P
< 0.05); reversion to regular rat chow, whether alone or
in combination with alternate day fasting, resulted in a
significant decrease in FBG and blood glucose levels at
30 min, 60 min, 90 min, and 120 min; PG; and AUC) in
both MSRD (P < 0.05, P < 0.001, P < 0.005, P < 0.001, P
< 0.01, P < 0.001, P < 0.001 respectively) and MSRDF (P
< 0,001, P < 001, P < 0001, P < 0.001, P < 0.005, P <
0.005, P < 0.001 respectively) groups compared to their
corresponding Bth weeld's values (Fig. 3).

Final results of C, M5, MSRD, MSF, and MSRDF

BW, BMI, WC, VFW, and VFW/BW

MS group demonstrated non-significant changes in the
final values of BW, BMI, WC, visceral fat weight (VFW/),

and VFW/BW compared to those of the C group; simi-
larly, MSRD group had no significant difference in these
parameters compared to MS and C rat groups. On the
other hand, these parameters were significantly de-
creased in MSF group compared to MS group (P <
0.001), MSRD group (P < 0.001, P < 0.001, P < 0.005, P
< 0.001, P < 0.001 respectively) as well as C group (P <
0.001, P < 0.005, P < 0.005, P < 0.001, P < 0.001 respect-
ively), and as well as C group (P < 0.001, P < 0.005, P <
0.005, P < 0001, P < 0.001 respectively). Similarly,
MSRDF group demonstrated significant decrease in all
these parameters compared to MS (P < 0.001, P < 0.005,
P < 0,001, P < 0.001, P < 0.001 respectively), MSRD (P <
0.001) groups, as well as those of C (P < 0.001, P < 0.05,
P < 0.001, P < 0001, P < 0.001 respectively) (Fig. 4).

Table 2 The &th week and final anthropometric and lipid parameters in the five study groups

BW (gm) BMI {gmifem®) WC {cm) TGs (mg/dl) HOL-C {mg/dl)
8" week Final gt Final 8™ week Final 8™ week Final gt Final
waek week

c 186.80 197.20 0.48 0.47 11.90 12.90° 122.22 831" 38.38 57.88°
+7.93 +8.06 +0.01 +0.01 +0,19 +0.41 +3.35 %393 22,40 +1.66
{10) (10) (10} {10) (10) (10} (9 (9] (8) (&)

Ms 183.50 194.50 0.49 0.48 11.96 12.93* 116.10 136.30° 27.50 27.40
2597 +7.77 +0,02 +0.02 +0.18 £0.30 +8.28 +4,70 +3,69 +1.55
(14) (14) (14) (14) (14) (14) (10) no) (10) (10)

MSRD 181.58 198.00* 0.48 0.49 1217 12.88" 118.67 107.56 34.78 4511
£7.20 +8.26 +0.07 0,01 +0.14 =026 26,53 +3,22 +2.74 +1.62
12) 12) (12) 12) (12} (12) (9} (9) (9) (9)

MSF 176,85 151.31* 0.48 0.41* 12.35 11.46* 121.11 103.22* 31.22 48.22%
+4,65 +5.59 +0.01 +0.01 0,17 +0.23 +4.43 *+3,67 %268 +2.60
(13 (13) (13} 131 {13} (13) (9 (9 (9) (@)

MSRDF 172.08 148.92* 0.50 0.42* 12.54 1.7 114.75 96.25 31.00 50.25%
718 +5.85 +0,02 +0,01 0,21 0,20 47,32 3,24 +2,90 +2.46
12 (12) )] 12 (12) 2 (8) [1:] 8 (8)

C, control group, M35, untreated metabollc syndrome group, MSRD, metabolic syndrome group reverted 1o regular rat chow, MSF, metabolic syndrome group on
alternate day fasting, MSROF, metabelic syndrome group reverted to regular rat chow and on alternate day fasting:
BW, body weight; BMI, bedy mass Index; WC, waist circurnference; TGs, triglycerides; HDL-C, high density lipoprotein chalestersd

In the parenthesis 15 the number of obsenations
Data are expressed as mean & SEM
*: Significance from 8™ week value, by Student’s “r” test for paired data, at P £005
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FBG, IPGTT, PG, AUC, HbATC, serum fasting insulin, and
HOMA-IR

Final values of FBG and blood glucose during IPGTT;
PG; and AUC; Hb AIC, all were insignificantly changed
in MS group compared to those of the C rats, while the
serum fasting insulin level and HOMA-IR were signifi-
cantly increased in MS group compared to the C group
(P < 0.001). MSRD group showed non-significant
changes in the final values of FBG and blood glucose
during IPGTT, PG, and AUC in addition to Hb AIC
when compared to those of the MS or C groups. MSRD
group showed significant decrease in serum fasting insu-
lin level and HOMA-IR compared to MS group (P <
0.001, P < 0.005 respectively), and significant increase
compared to the C group (P < 0.001). MSF group
showed significant increase in the levels of blood glucose
during IPGTT at 90 min, 120 min (P < 0.05), non-
significant change in PG and AUC but significant de-
crease in serum fasting insulin level, HOMA-IR, and Hb
A1C compared o MS rats (P < 0.005, P < 0.001, P <
0.005 respectively). Compared to MSRD group, MSF
group presented a significantly elevated blood glucose
levels during IPGTT at 60 min and 90 min (P < 0.05),
along with non-significant changes in PG, AUC, serum
fasting insulin level, HOMA-IR, and Hb A1C. In

I

comparison to the C group, all the measured glucose
homeostasis parameters were not significantly different
in MSF rats except for a significantly higher serum fast-
ing insulin and HOMA-IR (P < 0.001). MSRDF group
exhibited a significant lower level of fasting blood glu-
cose when compared to MSRD, MSF, C, and MS rat
groups (P < 0.005). The blood glucose levels during
IPGTT at 60 min, 90 min, and 120 min were decreased
in MSRDF group compared with MSF group (P < 0.01,
P < 0005, P < 0.05 respectively). Compared to the C
group, the levels of blood glucose measured during
IPGTT in MSRDF group were not significantly different
except for a significantly lower value at 90 min (P <
0.05). PG was not significantly changed in MSRDF group
compared to the other four groups. AUC was signifi-
cantly decreased in MSRDF group in comparison to
MSF and control groups (P < 0.01, P < 0.05 respectively).
Serum fasting insulin and HOMA-IR were significantly
decreased in MSRDF group versus MS (P < 0.001),
MSRD (P < 0.05, P < 0.005 respectively), and MSF (P <
0,005, P < 0.01 respectively) groups. HbAIC was de-
creased in MSRDF group compared with MSRD, MSF,
and MS, groups, being significant in MS group only (P <
0.01). In comparison to C rats, serum fasting insulin was
still significantly higher in MSRDF group (P < 0.005),
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while HOMA-IR and HbA1C were not significantly dif-
ferent (Fig. 5 and Table 3).

Lipid profile

MS group showed a significantly higher final serum
levels of TGs, TC, and LDL-C associated with a signifi-
cantly lower HDL-C compared to the C group (P <
0.001). MSRD group demonstrated a significantly re-
duced final serum levels of TGs, TC, and LDL-C (P <
0.001, P < 0.005, P < 0.001 respectively) associated with
a significantly elevated HDL-C (P < 0.001) compared to
the MS group; however, TGs, TC, and LDL-C were still
significantly higher (P < 0.001, P < 0.005, P < 0.001

respectively), and HDL-C was significantly lower (P <
0.001) compared to the C group. Similarly, MSF group
demonstrated a significantly decreased TGs, TC, and
LDL-C associated with a significantly elevated HDL-C
compared to the MS group (P < 0.001); however, TGs,
TC, and LDL-C were still significantly higher (P < 0.005,
P < 0.05, P < 0.05 respectively), and HDL-C was signifi-
cantly lower (P < 0.005) compared to the C group. On
comparing the parameters of lipid profile between the
MSRD and MSF groups, non-significant changes were
observed. MSRDF group exhibited a significant decrease
of the final serum levels of TGs, TC, and LDL-C, along
with a rise in HDL-C compared to the MS group (P <
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0.001) as well as MSRD groups as regards serum levels
of TGs, TC, and LDL (P < 0.05, P < 0,005, and P <
0.005, respectively) with insignificant change in HDL-C.
Furthermore, in comparison to the MSF group, MSRDE
group showed a significant decrease in the final serum

Table 3 The final glucose homeostasis parameters in the five
siudy groups

Insulin (ng/mi) HOMA-IR HbA1C (mg/dl)
c 0.1320.01 (9) 1.09:0.10(9) 5974030 (10)
Ms 0.9120,06° (10) 7.35£0.83" (10)  6.600.35 (14)
MSRD  0.61 £0.07°" (9) 4.67 £0.55° (9)  6.08:0.52(12)
MSF 0.64+0.07 ** (9) 4.46 20,52 %7 (9)  525£0.11° (13)
MSRDF 039 £0.05*%% ()  2,29+0.35%%9 (9) 5.23+0.16% (12}

—

. control group, M5, untreated metabalic syndrome group, MSRD, metabotic
syndrome group reverted to regular rat chow, MSF, metabolic syndrome
group on aiternate day fasting, MSRDF, metabalic syndrome group reverted to
regular rar chow and on alternate day fasting: HOMA-IR, homeostasis model
assessment of insulin resistance; HbAIC, glycosylated hemoglobin

Data are expressed as mean £ SEM

In the parenthesss is the number of obsensations

a Significance from control group, by LSO test a1 P 2005

be Significance from M5 group, by LSD test at P <0.05

c: Significance from MSRD group, by LSD test at P 5005

o Significance from MSF group, by LSD test at P <005

levels TC and LDL-C (P < 0.05) with no significant
changes in TGs or HDL-C. Moreover, the final serum
levels of TC and LDL-C in MSRDF group attained those
of the controls, yet TGs was still significantly higher (P <
0.05) and the HDL-C was significantly lower (P < 0.005)
than those of the C group (Table 4).

LW, LW/BW, ALT, albumin, bilirubin, MDA, and CRP

MS group showed a significant increase in the final liver
weight (LW) and liver weight/body weight ratio (L\W/
BW) versus the C group (P < 0.001). MSRD and MSF
groups presented a significant decrease in LW and LW/
BW compared to MS group (P < 0.001). Also, LW was
significantly decreased in MSF group wversus MSRD
group (P < 0.05), while the L\YW/BW was not significantly
changed. In comparison to the control rats, LW/BW was
still significantly higher in MSRD and in MSF groups (P
< 0.05, P < 0.001 respectively), but the L\¢' was not sig-
nificantly different. MRSDF group showed a decrease in
LW (P < 0.001, P < 0.001, P < 0.05, respectively) com-
pared to MS, MSRD, and MSF groups as well as LW/
BW when compared to the M5 and MSF groups only (P
< 0.001) with the LW in MSRDF group becoming

-
s
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Table 4 The final lipid profile parameters in the five study groups

T TGs (mg/di) TC (mgldl) LDL-C (mg/di) HDL-C (mg/di)
cio) 83.11 +3.03 144,22 £4.25 69.16 +5.00 o 58.44+1.57
Ms (10} 136.30+4.70° 213.00+9,18° 158.34+10,20" 27.40£1,55"
MSRD (9) 107.56+3,22*" 176.3345.63 ** 109.7124.96 *° 45.11+1.62 **
M5F(9) 103.2223.67 *F 165.67+7.56 *¥ a5.80£8.65 *° 48.22+2.60 *°
MSRDF (9) 94.89+3.16 **¢ 142.89+6.495<9 74.69+6.26 ™0 49,22+2 40"

C, control group, M5, untreated metabolic syndrome group, M5RD, metabolic syndrome group reverted to regular rat chow, MSF, metabolic syndrome group on
alternate day fasting, MSRDF, metabolic syndrome group reverted to regular rat chow and on alternate day fasting; TGs, trighycerides; TC, total cholesterol; LOL-C,

low-density lipoprotein cholesteral; HDL-C, high-density lpoprotein cholesteral
Data are expressed as mean £ 5EM

In the parenthesis is the number of observations

a Significance from control group, by LSD test at P <0005

b: Significance from MS group, by L5D test a1 P 20,05

¢ Significance from MSRD group, by L350 test at P <0.05

d: Significance from MSF group, by L3D test at P <005

significantly lower than that of the control rats (P <
0.05) and with the L\W/BW insignificantly different from
control value. MS group demonstrated a significant in-
crease in the serum level of ALT associated with a sig-
nificantly lower level of serum albumin compared to the
C group (P < 0.001). Although the levels of serum ALT
were significantly decreased associated with a significant
increase in serum albumin in MSRD and MSF groups
compared to the MS group (P < 0.001), yet these param-
eters were not normalized when compared to control
rats. In comparison to the MSRD group, serum level of
albumin was not significantly changed in MSF group,
but the serum level of ALT was significantly lower (P <
0.05). MSRDF rats showed significant decrease of ALT
(P < 0.001) and non-significant changes of albumin com-
pared to MSRD group, but when compared to MSF
group, no significant difference was observed in either
ALT or albumin. However, MSRDF group showed a

significant decrease in serum ALT together with a sig-
nificant increase in serum albumin compared to MS
group (P < 0.001). In comparison to the C group, the
serum ALT was not significant, while the serum albumin
was significantly lower (P < 0.05) in MSRDF group. Con-
cerning the serum bilirubin levels, non-significant
changes were recorded among the five study groups
(Table 5).

MDA was significantly increased in MS group versus
C group (P < 0.001), and was significantly decreased in
MSRD, MSF, and MSRDF groups in comparison to MS
group (P < 0.001}, though it was still significantly higher
than those of the control rats in these three groups (P <
0.001, P < 0.01, P < 0.05 respectively). MSF and MSRDF
presented significantly lower liver levels of MDA in
comparison to the MSRD rats (P < 0.05, P < 0.01 re-
spectively). The liver levels of MDA were comparable in
MSF and MSRDF groups. Serum level of CRP was

Table 5 The final liver parameters and serum C-reactive protein (CRP) in the five study groups

Lw LW/BW (gm/gm)  ALT Albumin ([gm/ml)  Bilirubin (mg/dl) MDA CRP
(gm) (/L) {nmol fgm) {ng/ml)

¢ 5353097 0.0272 29.5621.74 5192013 0.54+0.09 38.23+2.83 0.28+0.05
{10) +0,00096(10) (@) (9) (@) (a) (9]

Ms 8.13+0.38° 0.0419+ 81.20£1.33" 3.68+0.14° 0.55:0.09 129.0744,29* 1.20£0.11°
(14) 0.00151%(14) (10} (10} (10} (10) (10}

MSRD 6.21+0.31"% 0.0313+ 44.00£1.56%°  4.45:0,1200 0.48+0.06 68.90+5.73"0 0.50+0.07"
(12) 0.00109** {12) {9) (9} (s} (9 (s)

MSF 5.21x0,19%% 0.0345+ 38.22#1.78° 4512014 0.49+0.07 55.99+4.79%%°  0.40+0.07"
(13 0.00063*" (13) (9) (9) 9 i9) (9

MSRDF  4.2520.31°P%Y  0.0283+ 3367177 4.77£017%" 0.47£0.06 51142361  0.33+005"
2 0.00141% (12) (s) (@) (s} (9) i9)

€. control group, MS, untreated metabalic syndrome group, MSRD, metabolic syndrome group reverted to regular rat chow, MSF, metabolic syndrome group on
alternate day fasting. MSROF, metabolic syndrome group reverted to regular rat chow and on alternate day fasting; LW, liver weight; LW/BW, liver weight/body
weight; ALT , serum alanine transferase; MDA, malondialdehyde content of liver tissue

Dhata are expressed as mean = SEM

In the parenthesis is the nember of observations

a Significance from control group, by LSD west at P <0.05
b Significance from M3 group, by LSD test a1 P <005

€ Significance from MSRD group, by LSD test ag P <0.05
o: Significance from M5F group, by L3D test at P 50,05




significantly increased in MS group versus C group (P <
0.001). MSRD, MSF, and MSRDF groups showed a sig-
nificant decrease in serum CRP compared to MS group
(P < 0.001), becoming not significantly different from
the level of control rats. The serum level of CRP was not
significantly different among MSRD, MSF, and MSRDF
groups (Table 5).

Results of correlation study

Serum alanine transferase (ALT) showed significant +ve
correlations with VFW, LW, HOMA-IR serum TGs, and
LDL-C and significant —ve correlations with serum
HDL-C. Serum albumin showed significant -ve correla-
tions with LW. Liver oxidative stress marker [malondial-
dehyde content of liver tissue (MDA)] showed
significant +ve correlations with HOMA-IR and LDL-C
and significant -ve correlations with serum HDL-C
(Table 6).

Histopathological study

Histopathological examination of livers of the C
group stained with H and E stain after 8 weeks,
showed branching and anastomosing cords of hepa-
tocytes radiating from the central vein (cv). Livers
of the M group showed highly vacuolated hepato-
cytes at the periphery of the classic hepatic lobule
[zone 1] [%]. Mild cellular infiltration is seen (Figs.
6 and 7).

Histopathological examination of livers of the C
group stained with H and E stain after 12 weeks
showed branching and anastomosing cords of hepa-
tocytes radiating from the central vein (cv). Livers of
the M5 group showed highly vacuolated hepatocytes
at the periphery of the classic hepatic lobule [zone
1]. Livers of the MSRD group showed an apparent
moderate decrease in the vacuolated hepatocytes.
Livers of the MSF group showed an apparent

Table 6 Correlation studies
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decrease in the vacuolated hepatocytes. Liver of the
MSRDF group showed absence of vacuolated hepato-
cytes (Fig. 8).

Histopathological examination of livers of the C
group stained with periodic acid-Schiff (PAS) stain
after 12 weeks showed PAS +ve glycogen granules al-
most in all hepatocytes. Livers of the MS group
showed PAS +ve glycogen granules at the hepatocytes
around central vein [zone 3]; vacuolated hepatocytes
at the periphery of classic hepatic lobule have no PAS
+ve granules. Livers of the MSRD group showed PAS
+ve glycogen granules in vacuolated hepatocytes at
the periphery of classic hepatic lobule [zone 1], the
hepatocytes around central vein have no PAS +ve
granules. Livers of the MSF and MSRDF groups did
not show PAS +ve glycogen granules (Fig. 9).

Histopathological examination of livers of the C group
stained with Maison Trichome stain (MTS) after 12
weeks showed collagen fibers around central vein and in
portal area; minimal amount of collagen is seen in be-
tween hepatocytes cords. Livers of the MS, MSRD, MSF,
and MSRDF groups showed collagen fibers almost com-
parable to the control group (Fig. 10).

Diagnosis and grading of NAFLD
At the end of 8th week, C group showed 0% steatosis,
FC score (1); and M group 69% steatosis, FC score (4).

Four weeks later at the end of the study, C and MSRD
F groups showed 0% steatosis, FC score (1); MS group
82% steatosis, FC score (4); and MSRD and MS5F groups
42% steatosis, FC score (3).

At the end of 8th week, M group was classified as
grade (1) (PF: 0 and AS: 2). Four weeks later at the end
of the study, MS, MSRD, and MSF groups were classi-
fied as grade (1), MS (PF: 0 and AS: 4), MSRD (PE: 0
and AS: 3), and MSF (PF: 0 and AS: 1) (Table 7).

VFW Lw HOMA-IR TGs HDL-C LDL-C
ALT ' 0.419** 0.759% 0.687** 0.818% 0.840% 0.790%*
(n=46) (n=46) (n=46) (n=46) (n=45) [n=46)
P <0.005 0,001 <0.001 <0.001 <0.007 <0.007
Albumin r -0.054 -0.521%* -0.625% 0,765 0.655%* 0,655
(n=46) {n=46) (n=46) (n=486) (n=46) (n=46)
P NS <0.001 <0.001 <0.001 <0.001 <0.001
MDA r 0.311* 0.744% 0.690% 0.853% 0.893* 0.809%*
{n=46) (n=46) {n=46) (n=46) (n=46) (n=46)
P =0.05 <0.001 <0.001 <0.001 <0.001 <0.001

ALT , serum alanine transferase; MDA, malondialdehyde content of liver tissue; 1.|"F_1."_.' Visceral Far Weight: LW, liver welghtUHOMA-IR, homeostasis model

assessment of insulin resistance: TGs, wiglycerides; LDL-C, low-density lipoprotein cholesterol; HOL-C, high-density lipoprotein cholesterol

r: Correlation coefficient

In the parenthesis is thie number of observations

**. Correlation is significant at the 0.01 level (2-tailed)
®. Correlation i significant at the 0,05 level {2-talted)
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Fig. 6 Liver tissue photomicrograph of control (C) and metabolic syndrome (M) groups after 8 weeks (H&E)

Discussion

Understanding the pathophysiology of MetS is essential,
if therapy of MetS-associated NAFLD is to be consid-
ered. Pathophysiology of Met5 is multifactorial with the
unhealthy lifestyle a strongly predisposing factor [42].
Lifestyle aspects include nutrition, physical activity,
sleeping hours, smoking, alcohol intake, working hours,
hours of watching television, afternoon napping, and so-
cial life with friends [42].

Healthy nutrition as described by Mattson et al. [43]
includes healthy diet (Mediterranean diet), intake of
nutraceuticals, and dietary constriction in the form of
caloric restriction or intermittent fasting—defined as pe-
riods of unrestricted feeding alternating with periods of
caloric restriction.

Unhealthy nutrition is an aspect of unhealthy life
style and includes intake of foods with high caloric
content, high glycemic index, high content of

fructose, high percentage of saturated to polyunsatur-
ated fat, low fruit and vegetable fiber content, as well
as irregular eating [44-47].

Garralda-Del-Villar et al. [42] hypothesized that higher
adherence to the healthy lifestyle is associated with a lower
risk of developing MetS. In the present work, MetS was
induced by applying one aspect of unhealthy lifestyle
namely unhealthy nutrition in the form of excess fructose
intake both in food and drink which mimic the increasing
intake of this sweetener in foods and drinks by humans
[48]. Fructose content in diet and drink of MS group was
equal to starch content in the control rat diet.

The present study was planned to investigate the ability
of dietary intervention in the form of reversion to normal
diet—with or without adoption of a healthy dietary pattern
like zero-calorie intermittent fasting—to cure MetS-
associated steatosis which is the hallmark of diagnosis of
MNAFLD,
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Fig. B Liver tissue photomicrograph of the five study groups after 12 weeks (HBE). C contol group, MS untreated metabolic syndrome group,
MSAC metabolic syndrome group reverted to regular rat chow, M5F metabolic syndrome group on alternate day fasting, MSRDF metabalic
syndrome group reverted 10 regular rat chow and on altemate day fasting

20y 1._,.: 1||

The results of the present study revealed that 8 weeks
of high fructose diet (HFD) was able to induce features
of MetS in M rats as evidenced by the significant in-
crease in WC, PG, and AUC as well as the significant
decrease of HDL-C compared to control rats. Addition-
ally, in comparison to their initial values, M group pre-
sented a significant increase in WC, FBS, PG, AUC, and
TG associated with a significant decrease in HDL-C after
8 weeks of HFD.

According to the criteria of harmonizing definition of
Alberti et al. [1], M rats, in the present study, showed
two criteria of MetS, namely high FBG and low HDL-C,
skipping the normal cutoff values of FBG (> 100 mg%),
and HDL-C (<40 mg/dl). Although the cutoff value of
WC in the previous definition is not applicable to rats,
yet the significant increase in WC in M compared to
control rats could be considered the third criterion
needed to diagnose MetS in this group. This was con-
sistent with the study of Di Luccia et al. [49), on
Sprague-Dawley rats which developed the same MetS

criteria, developed in the present study, after 8 weeks of
HEFD.

Moreover, histopathological study of M rats’ livers
showed liver steatosis (score-4), hepatocyte ballooning
(score-1), and lobular inflammation (score-1), making
activity score-2 which both indicate the development of
grade-1 NAFLD according to the score of Mendler et al.
[40], and highlighting the early emergence of steatohepa-
titis. Thus, the results of M rats in the present study
confirm the close association between unhealthy nutri-
tion in the form of excess fructose intake, MetS, and
steatohepatitis and agree with the findings of Mamikutty
et al. [50].

At the end of the study, MS rats showed amelioration
of two criteria of MetS (VEW, VEW/BW, and FBG) with
HDL-C value remaining below the cutoff value of low
HDL-C (<40 mg/dl) according to Alberti et al. [1]. How-
ever, liver derangement was evident in the form of sig-
nificantly increased LW, LW/BW, and serum ALT as
well as decreased serum albumin compared to control

Fig. @ Liver tissue photomicrog
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Fig. 10 Lwver tssue photomicrograph of the five study groups after 12 weeks (MTS) C control group, M5 untreated metabelic syndrome group,
MSAD metabolic syndrome group revened (o regular rat chow, MSF merabolic syndrome group on alternate day fasting, M3A0F metabalic
syndrome group reverted 1o regular rat chow and on alternate day fasting

rats. In support, histological studies revealed progression
of their liver fatty changes from 69 to 82% and hepato-
cyte ballooning score from to 2 with presence of Mallory
bodies. Accordingly, the results of MS group at the end
of the study indicate that metabolic perturbation in-
duced by high fructose intake is the determinant of
NAFLD disease rather than the MetS$ criteria.
Nutritional intervention, in the present study, namely
cessation of fructose intake without caloric restriction in
MSRD group, and ADF with continued fructose intake

in MSF group resulted in significant amelioration of in-
sulin resistance (serum insulin and HOMA-IR), and dys-
lipidemia compared to M5 rats. The long-term glycemic
control parameter (HbA1C) in both groups was declined
versus MS rats, approached the control value in both
groups and became lower than the normal cutoff value
(<5.7%) according to American diabetes association
[51], in MSF group, Such improved glucose homeostasis
was further supported by the significant decrease in FBG
level at the end of the study versus the 8th week value in

Table 7 Scoring of fatty change (FC score) and grading of NAFLD in the five study groups

FC scare Grade of MAFLD

1 < (5%) Portal Activity score Grade 1(PF: 0-2

2 [5-33%) Fibrosis (AS:0-12) and AS; 0-4},

3 [34-66%) {PF: 0-6) o Grade 2 (PF: 3 or

o, Lobular Inflammation and Mallory Hepatocyte Perisinusoidal ‘;S' g“:‘g ':,::;.JH

Necrosis Bodies Ballooning Fibrosis .ﬂ; ; o or
(LIN: 0-3) (MB: 0-3} (HB: 0-3) (PSF: 0-3) = ReAT)

al.h

week

(] 1 {09%)

M 4 0 1 0 1 0 Grade 1 (PF: 0 and
(69%) AS N

Final

{c) 1 (0%)

(MS) 4 1] 1 1 2 0 Grade 1(PF: 0 and
{B82%) AS: 4}

(MSRD) 3 1] 1 1 1 0 Grade 1 (PF: 0 and
{42%) AS: 3}

IMSF) 3 0 1 o 0 0 Grade 1 {PF: 0 and
[42%9%) AS: 1)

{MSRD 7 (0%)

F

—— -

— s,



both MSRD and MSF groups. Alleviation of insulin re-
sistance and dyslipidemia for 4 weeks, herein, contrib-
uted to interruption of the pathogenic circuits that lead
to oxidative stress and inflammation, as evidenced by
the significant decrease in liver MDA, as well as serum
CRP, in both groups versus MS rats, resulting in regres-
sion of fatty change and abatement of hepatocyte bal-
looning. Such remarkable effect was able to significantly
relive LW, LW/BW, liver injury (decreased ALT), and
improve liver function (increased albumin) in both
groups versus MS group. Moreover, hepatic steatosis
and steatohepatitis were decreased in both groups versus
MS rats as demonstrated by the histological studies.

PAS staining of MSRD livers showed increased PAS
+ve glycogen granules in zone 1 vacuolated hepatocytes
which infer improved insulin resistance in this zone
compared to M5 group. However, the absence of PAS
+ve glycogen granules from zone 3 of MSRD rat livers
was in contrast with MS rat livers and might be attrib.
uted to either reversal of metabolic zonation of hepato-
cytes with reversion to regular diet, reversal of insulin
resistance with zone 3 hepatocytes becoming more re-
sistant to glycogenic actions of insulin and zone 1 more
sensitive to glycogenic actions of insulin with enhanced
glucose uptake and glycogenesis in zone 1. The exact
changes in oxygen gradient, nutrient flow, and expres-
sion of different genes in metabolic syndrome-associated
NAFLD should be thoroughly investigated before sug-
gesting a plausible explanation of this alteration in hep-
atic zonation with reversion to regular diet.

MSF hepatocytes showed no PAS +ve glycogen gran-
ules throughout the hepatic lobule which might be at-
tributed to enhanced glycogenolysis and suppressed
glycogenesis due to the fasting-associated hormonal
changes, an observation that was also seen in the MSRD
F rat livers.

Thus, both diet regimens, in the current work, were
able to attenuate the metabolic derangement induced by
HED, alleviating liver damage, hepatic steatosis, steato-
hepatitis, and conserve liver function. It seems likely that
both diet regimens used in the current work, equally and
positively affected the insulin resistance, long-term gly-
cemic control, dyslipidemia, serum albumin, and CRP as
proved by the non-significant changes in these parame-
ters between MSRD and MSF groups. However, ADF
was more effective in lowering the liver oxidative stress
and mitigating the hepatocellular damage than reversion
to regular rat diet, as manifested by the significant de-
crease in liver MDA and ALT levels along with a lower
score of Mallory bodies as well as hepatocyte ballooning
in M5F group versus MSRD rats.

Additionally, at the end of the study, the overall obes-
ity parameters (BW) and the visceral obesity parameters
(WC) were significantly higher than their matched 8th

Hepatology and Transplant Hepatology: A Case-Based Approach

week values in MSRD group. Also, these parameters to-
gether with VFW and VFW/BW were not significantly
affected in MSRD group versus controls at the end of
the study. These findings indicate that cession of fruc-
tose for 4 weeks without caloric restriction neither af-
fected the overall obesity nor the visceral obesity. On the
contrary, zero-caloric-intermittent fasting with contin-
ued fructose intake, herein, was not only able to signifi-
cantly decrease the overall and visceral obesity
parameters in MSF group at the end of the study period
versus their matched values at 8th week, but also, it sig-
nificantly decreased both in MSF group compared to
MS group and MSRD group, becoming even signifi-
cantly lower than controls. These observations agree
with Wan et al. [52], Yang et al. [19], Marinho et al.
[53], and Munhoz et al. [54], and denote that caloric re-
striction by ADF strongly decreased obesity whether
overall or visceral, despite the presence of fructose in
diet, exceeding the effect of complete cession of fructose
in MSRD group. These observations are consistent with
Munhoz et al. [54] who found a 35% decrease in total
caloric intake and 20.35 % decrease in body weight gain
after 12 weeks of ADF in rats.

It is to be noted that reversion to regular rat diet or
ADF for 4 weeks did not completely abolish the increase
in insulin resistance, dyslipidemia, liver oxidative stress,
ALT, and the decrease in albumin induced by HFD dur-
ing the first 8 weeks of the study period as their levels in
both MSRD and MSF groups were still significantly dif-
ferent from those of control rats. Likewise, the hepatic
steatosis and steatohepatitis did not normalize in both
groups. A longer duration of nutritional intervention
might be required for full correction if each diet regimen
was applied individually.

Combination of ADF and reversion to regular rat diet
resulted in a synergistic impact on glucose homeostasis
parameters, leading to a significant decrease in FBG in
MSRDF group versus the MS, MSRD, and MSF group,
becoming even significantly lower than controls. This
was associated with a remarkable enhancement of glu-
cose clearance with improved glucose tolerance as
shown by the significant lower AUC in MSRDF group
versus both MSF group and control rats. Furthermore,
insulin resistance (HOMA-IR) and long-term glycemic
control (HbA1C) were normalized in MSRDF group, as
both parameters approached the control values.

Furthermore, the parameters of overall obesity and vis-
ceral obesity were diminished significantly in MSRDF
group compared to MS, MSRD, and control groups.
Additionally, combination of the 2 diet regimens signifi-
cantly improved all lipid profile parameters and attenu-
ated dyslipidemia, liver oxidative stress compared to M5
and MSRD rat groups, with CRP and serum albumin still
comparable to MSRD group. This was further clarified
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by the histopathological study of MSRDF rats' livers
which revealed resolution of steatosis with FC score-
zero and cure of steatohepatitis. Data of these rats indi-
cate that fasting with reversion to normal diet could cure
grade-1 NAFLD. Dyslipidemia was also alleviated in
MSRDF group versus MSRD and MSF groups, only TC
and LDL-C reached the normal control values, while TG
was still significantly higher, and HDL-C was signifi-
cantly lower. The incomplete correction of lipid parame-
ters in MSRDF to control values might explain the
failure of the 2 diet regimens in this group to fully ameli-
orate the liver oxidative stress, hence the serum albumin
level was still significantly lower.

Also, of interest was the non-significant changes in
obesity parameters, liver MDA, and ALT between MSF
and MSRDF group despite their significant decrease in
MSRDF versus MSRD group, indicating that caloric re-
striction by ADF rather than reversion to regular rat diet
is responsible for (a) mediating obesity lowering effect
and (b) alleviating liver oxidative stress and liver injury
in MSRDF group. These observations support our previ-
ous assumption that ADF regimen has a dominant effect
in alleviating obesity, liver oxidative stress, and liver in-
jury compared to reversion to regular rat diet.

Unpredictably, control rats, in the present study,
have developed some features of the MetS on the 8th
week, and according to the diagnostic criteria of har-
monizing definition of Alberti et al. [1], they were
found to have 2 criteria out of 3 needed for MetS
diagnosis (low HDL-C 37.7 mg/dl and high FBG glu-
cosel00.5 mg/dl). Also, at the end of the study, con-
trol rats presented a significantly higher WC versus
their matched Bth week value together with high FBG
(FBG > 100 mg/dl). These changes might be ex-
plained by age progression according to Ghezzi et al.
[55] who concluded that the aging process induced
metabolic disturbances in Wistar rats and that mature
rats (12 months old) showed a significant increase in
BW, adiposity, hyperglycemia, as well as dyslipidemia
compared to young rats. The absence of liver steatosis
in control rats, herein, as demonstrated by the histo-
pathological studies makes the diagnosis of MetS in
these rats inappropriate according to Panchal and
Brown [56] who included liver dysfunction as a MetS
criterion for the animal model of MetS to be
validated.

This study has some limitations including lack of cal-
oric intake estimation and lack of fasting control group.
Also, it would be of value to determine the local inflam-
matory response in the liver tissue by estimating TNF-«
and/or TGF-f, and that histopathological study was
done for 2 rats in each group and not for all rats which

made correlation study between NAFLD grading criteria
and other parameters inapplicable.

Conclusion

Mutritional interventions by ADF or reversion to regular
diet improved glucose homeostasis as well as lipid pa-
rameters equally; however, ADF has a greater favorable
influence on overall and visceral obesity as well as on
liver oxidative stress and hepatocellular damage. Com-
bination of the two regimens is more effective in abating
metabolic disturbances, hepatic steatosis, steatohepatitis,
and liver injury than each regimen separately. Combin-
ation of fructose abstinence and ADF may be used as an
effective combination approach for curing grade-1
MAFLD associated with metabolic syndrome.
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SARS-CoV-2-associated gastrointestinal
and liver diseases: what is known and
what is needed to explore
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[ Abstract

Background: The pandemic of COVID19 which is caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) was first described in China as an unexplained pneumonia transmitted by respiratory droplets.
Gastrointestinal (Gl) and liver injury associated with SARS-CoV-2 infection were reported as an early or sole disease
manifestation, mainly outside China. The exact mechanism and incidence of Gl and liver involvernent are not well
elucidated.

Main body: We conducted a PubMed search for all anticles written in the English language about SARS-CoV-2
affecting the Gl and liver. Following data extraction, 590 articles were selected. In addition to respiratory droplets,
SARS-CoV-2 may reach the Gl system through the fecal-oral route, saliva, and swallowing of nasopharyngeal fluids,
while breastmilk and blood transmission were not implicated. Moreover, Gl infection may act as a septic focus for
viral persistence and transmission to the liver, appendix, and brain. In addition to the direct viral cytopathic effect,
the mechanism of injury is multifactorial and is related to genetic and demographic variations. The most frequently
reported Gl symptoms are diarrhea, nausea, vomiting, abdominal pain, and bleeding. However, liver infection is
generally discovered during laboratory testing or a post-mortem. Radiological imaging is the gold standard in
diagnosing COVID-19 patients and contributes to understanding the mechanism of extra-thoracic involvement.
Medications should be prescribed with caution, especially in chronic Gl and liver patients.

Conclusion: Gl manifestations are commen in COVID-19 patients. Special care should be paid for high-risk patients,
older males, and those with background liver disease.

Keywords: COVID-19, Gastrointestinal, Liver, Pathophysiology, SARS-CoV-2

I

Background

The pandemic of the novel 2019 coronavirus disease
(COVID-19) started in December 2019 with an out-
break of unexplained pneumonia in Wuhan, China,
Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is primarily transmitted by droplets
and aerosols, affecting the respiratory system [1]. In
the USA, the first case of SARS-CoV-2-associated

gastrointestinal (GI) symptoms had a 2-day history of
nausea and vomiting, then progressed to diarrhea
upon hospital admission [2]. Subsequently, many
studies reported Gl and liver infection as the first
presentation of COVID-19 with later (or no) respira-
tory symptoms [3]. This review summarizes the
demographic, clinical manifestation, radiological, and
pathological findings in COVID-19 patients presenting
with Gl symptoms to elucidate the route of transmis-
sion and mechanism of injury and provide guidance
on Gl and hepatic treatment in COVID-19 patients.
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Main text

Material and methods

A thorough PubMed search of all English-language arti-
cles published and in-press from December 2019 to De-
cember 2020 was done. The search terms were
“COVID-19," “SARS-CoV-2," “gastrointestinal,” “liver,”
"diarrhea,” “abdominal pain,” “nausea,” ‘“vomiting,”
“histopathology,” “radiology,” “pharmacology,” and “liver
enzymes." A total of 2160 studies were included in
complete data extraction, and a final 590 papers were se-
lected. The papers were reviewed, and data were col-
lected and analyzed by gastroenterology and
hepatobiliary specialists.

The mode of transmission of SARS-CoV-2-induced Gl and
liver diseases

Although inhalation of respiratory droplets is the pri-
mary mechanism of SARS-CoV-2 transmission, fecal-
oral transmission may be an additional source of GI in-
fection, mainly in children. SARS-CoV-2 viral RNA was
detected in the fecal matter for 11.2 to 33 days following
viral clearance from the respiratory tract, indicating viral
replication in the enterocytes and possible fecal-oral
transmission [4]. Saliva and vomit were two additional
routes of transmission. SARS-CoV-2 may infect the sal-
ivary gland by binding to and secreting from the
angiotensin-converting enzyme 2 (ACE2) receptor.
Therefore, saliva may play a role in the early stage of
viral transmission [5]. The vomit alse included viral

particles either from nasopharyngeal fluids or the GI
tract. The risk of viral transmission is positively corre-
lated with vomiting severity [6]. Portincasa et al. suggest
an unconfirmed hypothesis that the virus could translo-
cate from the gut lumen into the liver via portal flow,
negatively affecting hepatic cells [7]. SARS-CoV-2 could
also reach the appendix via oropharyngeal contamin-
ation or appendicolith, resulting in bacterial transloca-
tion and appendicitis [8].

One study reported the possibility of SARS-CoV-2
transmission  through breastmilk. However, the
remaining studies did not find viral transmission in
breastmilk, which is supported by the World Health
Organization (WHO) that ensured breastfeeding was
safe given proper precautions [9]. The low viral load in
infected patients’ serum makes this transmission route
limited or even non-existent [10].

Mechanism of SARS-CoV-2-induced Gl and liver diseases
(Fig. 1)

Genetic factors

The presence of four primary intestinal transcription
factors, caudal type homeobox transcription factor 2
(CDX2), hepatocyte nuclear factor 4 (HNF4), mothers
against decapentaplegic homolog 4 (SMAD4), or GATA
in the intestine, modulates the function and activity of
ACE2 and transmembrane protease serine 2 (TMPR
552). These results could explain the population’s
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variable susceptibility to GI symptoms and severity of
SARS-CoV-2 infection [11].

Central-neurological mechanism

The gut-brain axis may be a path for SARS-CoV-2 to in-
vade the brain, ascend to the central nervous system
(CNS) through intestinal vagal afferents, and immuno-
logically prime the enteric nervous system (ENS). The
ENS is strictly interconnected to the enteric glial cells
(EGCs), which defend against gut pathogens by activat-
ing the Toll-like receptors (TLRs) and other inflamma-
tory mediators. Conversely, SARS-CoV-2 neuroinvasion
stimulates serotonin release and provides an alternative
central mechanism for GI symptoms [12].

Lacal mechanisms

Viral-host receptor binding mechanism Coronaviruses
are a group of single-stranded enveloped RNA viruses that
express four structural proteins: spike glycoprotein, small
envelope protein, matrix protein, and nucleocapsid pro-
tein, in addition to 16 non-structural proteins [13]. SARS-
CoV-2 enters host cells through the interaction between
the envelope-anchored viral spike protein and the ACE2
host receptors. ACE2 receptors are widely expressed in
various human cells, including the lungs, small intestine,
colon, pancreatic islets, kidney, brain, vascular endothe-
lium, and smooth and cardiac muscle [14].

SARS-CoV-2 has a unique structural and functional 5
protein that facilitates viral entry and replication. The
high binding affinity of SARS-CoV-2 for human ACE2,
10-20-fold higher than SARS, increases the viral infect-
ivity [15]. Besides, other host receptors for SARS-CoV-2,
specifically CD147, TMPRSS2, endosomal cysteine pro-
teases cathepsin B and L (CatB/L), and furin, are widely
distributed in multiple organs, enhancing viral binding

Hepatology and Transplant Hepatology: A Case-Based Approach

and entry. The mechanism of SARS-CoV-2 binding to
and entering host cells is illustrated in Fig. 2.

Gut microbiota The gut-lung axis is a bi-directional
network in which many respiratory infections often ac-
company GI symptoms and vice versa. The gut micro-
biome plays a crucial role in modulating the immune
response of SARS-CoV-2 patients to prevent vital organ
damage. Alterations to the intestinal microbiota, in con-
junction with an impaired immune system, contribute to
COVID-19 patients’ delayed recovery and mortality [16].
Re-formulating the gut microbiota through nutritional
therapy, probiotics, or fecal microbiota transplantation
(using standard guidelines) may emerge as a new thera-
peutic target in disease management [16, 17].

Hypochlorhydria Price suggests that the acidic pH of
the normal gastric mucosa inactivates coronaviruses,
explaining why the intestinal manifestation is more pro-
nounced than the gastric ones [18]. However, more
studies are recommended to evaluate the viral ability to
survive and replicate through the extremes of Gl pH.

Systemic mechanisms

Immune-related injuries Severe SARS-CoV-2 infection
results in a clinical state resembling sepsis due to the
massive release of cytokines by the immune system. This
cytokine storm involves innate and cellular immunity,
including activation of intrahepatic CD4+ and CD8+T-
cells, Kupffer cells, activation of B cells, and anti-viral
antibodies. These pathways progress toward apoptosis
and necrosis of infected cells, resulting in multi-organ
failure late in the course of disease [19].

Ischemia-reperfusion injury Severe SARS-CoV-2 cases
suffer from ischemia-reperfusion injury through
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activation of systemic inflammatory response syndrome
(SIRS), SARS, or as a complication of sepsis and hyper-
tension [3].

Drug-induced GI and liver disease Drug therapies for
managing SARS-CoV-2 infection are reported to be a
direct insult to the Gl and liver in variable doses and
conditions, discussed in a later section,

Symptoms and signs of Gl injury in COVID-19 In a
series of > 20,000 hospitalized patients in the UK, the
main symptoms of COVID-19 were respiratory (71.6%),
followed by enteric symptoms (nausea, abdominal pain,
vomiting, and diarrhea) (29%), with 4% of patients com-
plaining of enteric symptoms alone [20]. Patients with
Gl symptoms experiencing a prolonged period between
the onset of symptoms and viral clearance were more
likely to have a positive stool test for the virus (73.3%
compared to 14.3% with no GI symptoms, p = 0.033)
[21]). The prevalence of diarrhea was 5-10.3%, nausea
and vomiting 5.2-11.7%, abdominal pain 2.7-8.8%, and
loss of appetite 15.8%, with few reported cases of GI
bleeding [22, 23].

There is no unique esophageal symptom associated
with SARS-CoV-2 except for heartburn. Heartburn
needs a standard treatment approach with H2 receptor
antagonists or proton pump inhibitors (PPLs) [24]. An-
orexia is one of the most frequent symptoms reported in
COVID-19 patients, mainly associated with malaise and
systemic inflammation [25].

Diarrhea may have been the only presentation in 16%
of cases [26]. The diarrhea symptoms might last from 1
to 14 days with a mean of 5.4 + 3.1 days, and the major-
ity of patients experiencing self-limited diarrhea [21].
The possible mechanisms are direct interaction with
ACE2 receptors or medications [26].

Epigastric pain, stomachache, and abdominal discom-
fort have been used to describe abdominal pain [27], and
such pain may be a sign of gut nerve inflammation and
precede the respiratory symptoms or be the sole mani-
festation of COVID-19. However, there was no reported
data on the quality or nature of the pain characteristic of
COVID-19.

Gastrointestinal bleeding in patients with COVID-19
is not as common as other Gl symptoms, with a fre-
quency ranging from 4 to 13.7%. A review of 2023 pa-
tients with COVID-19 reported only two Gl bleeding
cases across 15 studies [28). The cause of bleeding is
often not determined, and most patients were treated
conservatively. Lower GI bleeding has also been reported
in association with COVID-19, necessitating urgent con-
sultation [29]. Ischemia may be the result of thrombotic
dysfunction, hypoperfusion, and direct inflammatory ef-
fect on GI mucosa.

The prevalence of acute pancreatitis was 0.27% among
hospitalized COVID-19 patients with no other identifi-
able etiology [30].

Laboratory findings on COVID-19-associated Gl and liver
injury

Figure 3 illustrates the most common laboratory tests
specific for Gl and liver infection with their possible
clinical implications.

General systemic and inflammatory markers (not organ-
specific)

COVID-19 patients showed high levels of C-reactive
protein (CRP), lactate dehydrogenase (LDH), and a-
hydroxybutyrate dehydrogenase (HBDH) as a result of
inflammation-inducing GI or liver injury [31].
Interleukin-6 {1L-8) is a crucial cytokine contributing to
the host defense by producing acute-phase proteins and
proliferation of B-lymphocytes and neutrophils. In the
liver, SARS-CoV-2 activates hepatic stellate cells and
Kupffer cells to produce many inflammatory factors such
as tumor necrosis factor-a (TNF-a), interleukin (IL-86),
and chemokines [19]. Moreover, COVID-19 patients
with chronic liver disease (CLD) had a higher serum IL-
& level than those without CLD [32].

Laboratory findings specific for Gl infection
A high proportion of serum CD19+ B cells, IgA, and low
citrulline have been reported in COVID-19 patients pre-
senting with diarrhea, indicating a direct viral cytopathic
effect or intestinal ischemia inducing mucosal injury
[33]. In contrast, increased serum CCL28 expression was
associated with a good mucosal immune response [34].
Fecal calprotectin (FC) has evolved into a reliable bio-
marker allowing detection of intestinal inflammation in
inflammatory bowel disease (IBD) and infectious colitis.
High FC in COVID-19 patients indicates an acute GI in-
flammatory response and/or serves as a potential indica-
tor of the progressive course in [BD patients [35].
Although SARS-CoV-2 induced pancreatic injury, ele-
vated lipase levels exceeding three times the upper limit
could be an alarm for GI injury rather than pancreatic
injury. However, hyperlipidemia is not considered a
marker of severe COVID-19 infection or a poor clinical
outcome [36]. Acute hyperglycemia and transient type-
2-diabetes also indicate a pancreatic injury and are asso-
ciated with poor prognosis.

Laboratory findings specific for liver infection

The available liver enzyme data varied widely due to a
lack of a standard cut-off point and a consensus defin-
ition of severe cases. The prevalence of liver abnormal-
ities has been classified into hepatocyte-type (aspartate
aminotransferase [AST]/alanine aminotransferase
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[ALT]) (20.75%), cholangiocyte-type (gamma-glutamyl
transferase [GGT]/alkaline phosphatase [ALP]) (29.25%),
and mixed types [37]. According to the frequency of ele-
vated hepatocyte-type markers, ALT and AST were
found to be elevated in 21.2-25% and 15.2-25% of pa-
tients, respectively. AST is typically located in the cyto-
sol and mitochondria of hepatocytes, mainly in zone 3.
Therefore, elevated serum AST could reflect direct cyto-
pathic damage of hepatocytes or hypoxic changes. How-
ever, AST is not a specific marker for liver injury and
has a broader organ distribution, indicating its involve-
ment in multi-organ damage [38].

The prevalence of cholangiocyte-related enzymes
showed increased levels of GGT (22.7%) and total biliru-
bin (9%), though serum ALP is controversial. Since GGT
and ALP are expressed in sites other than the bile duct,
their level could indicate multi-organ damage and can-
not be classified solely as a specific bile duct marker.
Furthermore, GGT has been identified as a surrogate
marker for increased oxidative stress and chronic inflam-
mation [39]. Therefore, elevated cholangiocyte markers
are not specific for bile damage, as shown by rare patho-
logical features of bile damage or cholestasis.

The synthetic liver function is altered by SARS-CoV-2
infection, resulting in hypoalbuminemia, an independent
predictor of patient mortality. Albumin deficiency may
be related to insufficient protein intake, serum protein

exudation due to inflammation, diarrhea, or direct liver
injury [40]. Furthermore, hepatic dysfunction badly im-
pacts the coagulative and fibrinolytic pathways, platelet
count, neutrophil counts with high neutrophil-to-
lymphocyte ratios, and serum ferritin levels [33].

Radiological findings during the SARS-CoV-2 pandemic
Radiology plays a fundamental role in diagnosing
COVID-19 patients based on chest findings. rRT-PCR
may give initial false-negative results with a sensitivity of
83.3% for early COVID-19. In contrast, typical CT radio-
logical findings demonstrated a sensitivity of nearly
97.2% for diagnosing early COVID-19 and a low rate of
missed COVID-19 diagnoses [41, 42]. However, chest
CT should not be used exclusively for diagnosing
COVID-19 infection, especially in asymptomatic patients
[43]. Moreover, abdominal imaging becomes critical in
COVID-19 patients who initially or exclusively present
with GI symptoms. Abdominal imaging plays a role in
determining the mechanism of SARS-CoV-2-induced in-
jury, which may be thromboembolic or non-
thromboembolic.

Abdominal imaging findings in patients with SARS-CoV-2
infection

Numerous radiological findings related to COVID-19
have been reported. The findings were separated into
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four groups to clarify the potential cause of injury (see
Fig. 4).

Using contrast-enhanced computed tomography
(CECT), enterocolitis of the abdomen was mainly ob-
served in the right-sided colon (ascending colon and
transverse colon) but was also invelved in any bowel
loop [44]. Many bowel ischemia cases in either the small
or large bowel were detected by CECT. Occlusive ische-
mia resulted from thrombosis of the large or small mes-
enteric arteries, as determined by CT angiography or
pathology, respectively. However, non-occlusive bowel
ischemia with patent mesenteric arteries was attributed
to hypoxia or low cardiac output. In CT angiography,
the presence of isolated venous thrombosis in the mes-
enteric, portal vein, or inferior vena cava was associated
with bowel wall edema without evidence of ischemic
changes [45]. Pneumatosis intestinalis, a radiological sign
suggestive of necrotizing enterocolitis, is another charac-
teristic associated with bowel ischemia in COVID-19 pa-
tients. However, pneumatosis intestinalis might be
discovered accidentally in the absence of clinical or
radiological evidence of bowel ischemia. Epiploic appen-
dagitis and perforation of the small and large bowel have
been reported in some cases as direct sequelae of infec-
tion or secondary to ischemia [44].

Motility disorders have been identified in few COVID-
19 patients, with some exceptions; one case with para-
Iytic ileus resolved after conservative treatment [46). An-
other case involved a pediatric patient presenting with
abdominal pain and ileocecal intussusception [47]. Mo-
tility disorder could be induced by an imbalance of the

colon’s autonomic innervation, a common feature of
coronaviruses. However, further research is recom-
mended to determine if these findings are linked to
COVID-19 or concomitant.

Two studies reported the association of appendicitis
and mesenteric lymphadenitis with SARS-CoV-2 infec-
tions. However, further ancillary studies on the resected
specimen were recommended to confirm this hypothesis
[8]. Similarly, a COVID-19 case has been identified in
which a patient presented with a mild form of pancrea-
titis, absent of other causes [44],

Hepatic imaging findings in patients with SARS-CoV-2
infection

Hepatic injury was reported frequently in abdominal
ultrasound (US) and CT in the form of hepatomegaly,
periportal edema, pericholecystic fat stranding, and por-
tal lymphadenopathy. One study showed a significantly
lower liver to splenic CT attenuation ratio in COVID-19
patients than in the control group. Assessment of liver
stiffness (LS} using combined US and elastography re-
vealed a linear correlation between LS and biochemical
markers for acute liver damage, indicating that elastogra-
phy can be used as a reliable non-invasive indicator of
hepatic injury in COVID-19 patients [48].

Hepatic steatosis appearing as a hepatic hypodensity in
CT was higher in COVID-19 patients than in the control
group. Thus, hepatic steatosis was suggested as a risk
factor for SARS-CoV-2 infection [44]. However, it is un-
known whether steatosis is a risk factor or a result of
COVID-19.
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Biliary system manifestations were reported in
COVID-19 patients in the form of bile stasis with subse-
quent gall bladder distention and sludge formation [44].
Furthermore, edema of the gall bladder wall, hepatic
bed, and pericholecystic fat stranding were observed in-
dependently or as part of hepatic injury.

Finally, solid organ acute infarction was reported in
two COVID-19 patients, involving the kidney, spleen, or
liver [44).

Histopathological findings of COVID-19-assoclated Gl and
liver injury

The role of histopathology in the diagnosis of COVID-
19 aims to detect viral host receptors, assess pathological
features, visualize viral particles, and understand disease
mechanisms. Moreover, virus detection by immunohis-
tochemistry (IHC) can be recognized directly by the
pathologist, saving time and money to confirm a poten-
tial suspected case of COVID-19.

Pathological findings of Gl-related COVID-19

The small intestine, primarily absorptive and crypt
enterocytes but not goblet, Paneth, or enteroendocrine
cells, expressed more ACE2 receptors than other GI sites
[49]. Furthermore, histopathological analysis of 14 GI
specimens obtained either post-mortem or by resection
revealed ischemic changes in the form of mucosal necro-
sis or transmural hemorrhagic infarction [50]. The pos-
sible etiology of ischemia was thrombi in mucosal or
mesenteric blood vessels in six cases, vasculitis and
endothelial inflammation in four cases, and mixed
thrombi and endotheliitis in two cases. Hobnail modifi-
cations of the endothelial cells with bizarre nuclear
shapes have been also reported [51]. Inflammation was
evident in seven cases: two of lymphoplasmacytic nature,
two of acute nature, and three of undefined nature.
Three cases of microscopic colitis were reported; how-
ever, there is insufficient evidence to determine whether
these cases are SARS-CoV-2 related or incidental find-
ings. There were seven attempts to detect SARS-CoV-2
viral particles in Gl specimens. Positive viral particles
were observed in the mucosa and the endothelial cells in
five and two cases, respectively [51]. Moreover, Stah
et al. detected intact viral particles in the bowel endothe-
lium 8 weeks after initial infection and viral clearing in
respiratory and blood specimens [52]. However, negative
results were reported in six cases: two for the esophagus,
two for the colon, one for the stomach, and one for the
duodenum. The two reported appendicitis cases showed
mucosal necrosis, non-caseating granulomas, and a for-
eign body reaction associated with severe mesenteric
necrotizing lymphadenitis or ulcerophelgmonous (8],
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Pathological findings of liver-related COVID-19

There has been a limited pathology role in diagnosing
liver-associated COVID-19 abnormalities, with the ma-
jority of specimens obtained post-mortem [32, 53-55].
Histopathological characteristics varied, with most cases
exhibiting a mixed pattern of injury. Histopathological
changes included steatosis, either microvesicular and/or
macrovesicular (61/95), inflammation with variable dis-
tribution including portal, sinuseidal, lobular, or panaci-
nar (64/101), wvascular abnormalities (54 cases),
endotheliitis (3 cases), and lobular necrosis/apoptosis (15
cases). Other pathological findings reported in low fre-
quency included Kupffer cell hyperplasia, giant cells
transformation, lobular cholestasis, granuloma, and type
Il fibrinogen deposition. Moreover, bile duct damage
was reported in only two cases. Numerous experiments
used various techniques to visualize the viral particles,
including electron microscopy (EM), polymerase chain
reaction (PCR), or even IHC, with positive findings en-
countered in 15/22 cases [54, 55]. Rather than viral par-
ticles, some authors interpreted the EM findings as
clathrin-coated vesicles, which are involved in synaptic
vesicle reconstitution, or multi-vesicular bodies, which
are routinely discovered post-mortem. Several studies
have conducted a C4d IHC test to assess immunological
background, and only one case was positive (1/50) [54-
56).

The histopathological findings of steatosis, acute hepa-
titis, and positive viral tissue detection indicate a poor
patient outcome. Histopathological observations were
interpreted to gain a better understanding of the poten-
tial mechanism of injury (see Fig. 5).

Management therapies in SARS-CoV-2-associated Gl and
liver diseases

Treatment of COVID-19 associated GI or liver infection
aims to clear the viral infection, relieve symptoms, and
stabilize patients with previous GI or liver diseases. All
therapies are critical for their anti-inflammatory proper-
ties and reduce viral entry, host receptor binding, and
replication.

In addition to viral target therapies, symptomatic treat-
ment is discussed, including oral or intravenous hydra-
tion and antiemetic medications. The anti-diarrheal
agent loperamide can be used in patients without fever
or bloody stools and after ruling out other infectious
causes. Patients with non-variceal upper Gl bleeding can
be conservatively treated with PPls and coagulation
optimization without endoscopic intervention, However,
PPls are associated with hypochlorhydria, which in-
creases the risk of SARS-CoV-2 entering the gut from
the stomach, causing viral infection. Therefore, PPls
should be used at the lowest effective dose (once daily)
[57). Similarly, endoscopic evaluation for lower GI
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bleeding might be initially postponed until acute disease
resclution. For patients with severe COVID-19-
assoclated liver damage, hepatoprotective, anti-
inflammatory, and jaundice-reducing agents, as well as
vitamin E, are recommended [58].

Management of background Gl and liver diseases during
the SARS-CoV-2 pandemic

Many studies discussed the strategies for managing
IBD patients during the SARS-CoV-2 pandemic in
connection with several factors, mainly proper inter-
pretation of the complaint, whether related to
COVID-19 or acute flaring of the primary disease.
For active IBD patients without SARS-CoV-2 infec-
tion, adding or escalating anti-inflammatory or bio-
logic therapy for symptomatic improvement and
remission induction may be involved. However, sys-
temic glucocorticoids should be used at the lowest ef-
fective therapeutic dose [59]. On the other hand, the
aim of therapy in patients with inflammatory bowel
disease (IBD) infected with SARS-CoV-2 is to
minimize immunosuppression during active viral in-
fection to avoid viral complications (e.g., pneumonia).
Two strategies are proposed for COVID-19 patients

with IBD in remission: continue therapy indefinitely
with budesonide, aminosalicylates, sulfasalazine, top-
ical glucocorticoids, and antibiotics [59], or temporar-
ily adjust medication until symptoms resolve,
including systemic glucocorticoids and immunomodu-
lators [60].

Immunosuppressive therapy reduction or discontinu-
ation is not recommended for asymptomatic patients
who have undergone liver transplantation and post-
transplant treatment unless they are SARS-CoV-2 posi-
tive. Similarly, HCC-related treatments should be ad-
ministered without any delay.

Drug-induced Gl and liver injury (DILI)
Certain drugs are alleged to play a role in GI and liver
injury. The possible mechanisms include reactive metab-
olites and oxidative stress, idiosyncratic through drug-
cytochrome P-450 interaction, or synergistic inflamma-
tory response [61-63]. Table 1 summarizes the potential
therapeutic agents, their mechanism of action, common
side effects relating to the GI and liver, and possible
drug-drug interactions (DDlIs).

Hepatic patients with non-alcoholic fatty liver disease
(NAFLD) infected with SARS-CoV-2 might be more
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susceptible to DILI [64]. Dexamethasone was found to
decrease mortality rates among COVID-19 patients;
however, it may lead to chronic hepatitis B virus (HBV)
reactivation. Similarly, tocilizumab, an IL-6 blocker, in-
creases HBV reactivation risk. Therefore, hepatitis B sur-
face antigen (HBsAg)-positive patients should also be
treated with anti-viral medication for the duration of
steroid therapy.

For patients with severe alcoholic or autoimmune
hepatitis, caution must be taken when suggesting the ini-
tiation of steroids or other immunosuppressive therapy
[65]. Regimens containing chloroquine or remdesivir
were generally considered safe. Hydroxychloroquine
should be treated for cardiac arrhythmias in patients re-
ceiving hepatitis C treatment [66].

Demographic data of SARS-CoV-2-associated Gl and liver
infection

Geographical distribution of Gl symptoms

The SARS-CoV-2 associated with GI manifestations
was reported later in the COVID-19 pandemic. A po-
tential reason is that the prevalence of Gl symptoms
is 2-3 times lower in China, the epicenter of the out-
break, than in western countries, primarily Europe
and the USA; however, there was no statistically sig-
nificant difference between the country-based studies
[23]. Furthermore, an analysis of Chinese studies
showed a constant low prevalence of diarrhea and
vomiting before, during, and after April [67]. These
observed differences could result from wvariability in
SARS-CoV-2 host receptor gene expression, coagula-
tion activity, and health care access amongst different
socio-economic groups and ethnicities, all of which
affect COVID-19 pathogenesis. Chinese populations
have a lower risk of thrombo-embolic complications
than other ethnic groups, which reduces the severity
of COVID-19 [68]. However, geographic differences
between countries remain unexplored.

Age-related Gl and liver symptoms

COVID-19 patients with Gl symptoms ranged in age
from 1 day to 92 years, with a pooled mean age of 48.7
+ 16.5 years [39]. The frequency of patients presenting
with COVID-19-related GI symptoms did not show
much variance, remaining at nearly 10% for all age
groups [69]. Age was positively correlated with the se-
verity of Gl symptoms and mortality. Possible factors in-
clude low expression of ACE receptors, lower intensity
of viral exposure, the protective effects of live vaccines,
increased susceptibility to recurrent infections, and the
difference in the adaptive, cellular immunity, and micro-
biota in children. In contrast to the age-related vascular
and endothelial damage, prior coronavirus exposure and
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associated comorbidities negatively impact the disease
course in the elderly [70].

Gender differences of SARS-CoV-2-associated Gl and liver
symptoms

According to a recent meta-analysis by Kaur et al,
which included 6635 COVID-19 patients, COVID-19-
infected individuals were predominantly male. However,
the manifestation of Gl symptoms was significantly dif-
ferent between males and females. Self-reported GI
symptom frequency during the COVID-19 course was
significantly higher among women than men (P < 0.001).
Zouh et al. found a significantly higher proportion of fe-
male COVID-19 patients with Gl symptoms associated
with COVID-19 [71]. The exact mechanism is not eluci-
dated; however, it could be hormonal modulation of the
gustatory system. Notably, global data suggested male
gender is a negative indicator of disease severity and
mortality. Factors responsible for higher male mortality
could include higher rates of smoking, respiratory tract
infection, proinflammatory cytokines, and the immuno-
suppressive effect of testosterone. However, Agrawal
et al. suggested that the estrogen-enhancing effect and
the localization of immune response genes on X-
chromosome may protect females [72].

The prognosis of SARS-CoV-2-induced Gl and liver infection
There was no consensus regarding the impact of Gl
symptoms on the COVID-19 course. Studies reported
no significant difference in the prevalence of diarrhea,
nausea, or vomiting between severe and non-severe pa-
tients [22]. Another study reported patients presenting
with COVID-19-related GI symptoms to have a low
mortality rate compared to those without Gl symptoms
[73]. In contrast, other studies reported a poor outcome
for COVID-19 patients who presented with GI symp-
toms, especially abdominal pain [69, 74]. The low prog-
nostic impact of Gl symptoms could be related to the
marked electrolyte imbalance, gut dysbiosis, ischemic-
reperfusion injury, and associated neurological
manifestations.

Notably, there was a consensus of the poor prognostic
impact of elevated liver enzymes on COVID-19 patients
[69]. In extreme COVID-19 patients, hypoalbuminemia,
high GGT, aminotransferase (AST > ALT), and bilirubin
rather than serum ALP levels were observed [39).

The impact of background Gl and liver diseases on the
outcome of SARS-CoV-2 infection

There was no correlation between autoimmune GI dis-
eases and the increased risk of SARS-CoV-2 infection.
Patients with IBD are not at greater risk and can main-
tain remission with maintenance therapy [59]. Similarly,
celiac disease patients showed no increased risk for
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Table 1 Potential Gl and liver adverse effects and drug interaction profile of COVID-19 investigational drugs

Mechanism of action Gl affection Liver affection Major drug-drug Interactions
Chlorogquine Interferences with terminal  Mausea, vomiting, weight loss,  Rare elevations in A moderate inhibitor of CYP206 and
hydroxychloroguine  glycosylation of ACE2 abdominal pain aminatransferases. P-gp
[80] receptor Most reactions are Significant particularly with anti-
Blacks viral entry by Iciosyricrasy of rejection immunosuppressants.
increasing endosomal pH cidative stress, Weak interaction with tenofovir/
and inhibiting viral fusion to entecavir
the cell membrane Hydroxychloroguine given 1o a
patient taking hepatitis ¢ treatrment
should monitor for cardiac
anrhythmia
hvarmectin [81] Inhibition of wral IMPo/31-  MNausea, vomiting, diarrhea Very few repors on Avoid concomitant use of ivermectin
mediated nuclear impor, slevated liver enzymes  with other drugs that enhance GABA
which reduces the or Jaundice Activity
replication of the virus and
50 the viral load
Mitazoxanide [B2] Antiparasitic dreg has broad-  Abdomingl pan (8%), diarrhea  Increased ALT. <1% Rapidly hydrolyzed to tizoxanide.

Atazanavir [83]

Fanapirawir [84]
Interferon beta [(85]

Lopinawir/ritonavir
[&a]

Remdesivre [87]

Ribavinin [88]

Anakinra [89]

Baricitinib [60]

Dexamethasone/
Hydrocortisane [$9]

spectium anti-viral activity

Protease inhibitors

AtA-dependent RNA
polymerase inhibior

Cytokines with anti-viral and
immunomodulatory effects.

HIV pratease inhibiton
CYPas0inhibitor

RMA-dependent RiNA
polymerase inhibitar

Inubit capping of wviral
messenger RNA, and the wral
RMA-dependent polymerase

IL-1R inhibitor

JAKY and JAKZ inhibitos
Irhibit viral endocytosis

Reduction of IL-8, monocyte
chemo-attractant protein=1,

(295}, nausea (3%), vomiting
(19

Harrhea, nausea, vomiting,
abdominal pam

Mauseafvomiting (5-15%),
diarehea (5%)

Mausea, vomiting

Mausez/vomiting (5-10%L
abdominal pain (1-10%),
diarchea (10-30%), dysgeusia
{< 25, increased serum
amylaseMipase.

Mausea, vomiting

Mausea

Rare abdominal pain, nausea,
diamrhea

Bowvel perforation, nautea,
vomiting

Mausea, peptic ulcers

Indirect
hyperbilirubinemea
wath oven jaundice
Elevation of hepatic
enzymes especially in
patients with
underying HBV or HOV
co-infection

Liver engyme
abnoirmalities

Elevated liver enzymes

Hepatoloxicity ranges
from mild alsvations in
aminotransferases o
acute hver falure.
Recovery takes 1=2
mo.

Might include drug-
cytochrome P-450
interaction

Deranged liver
EnIymes
Hepatotoxicity
reported; frequency is
not yet known.

Hepatotoxicity

Hepatobilary disorders:
Elevated transaminases,
noninfectious hepatitis

Hepatitis B reactivation

MA

which is highly protein-bound
(>93%), 50 caution when giving with
other highly protein-bound dregs
with narrow therapeutic indices,

Inhibitor of CYP3A4 and CYP2C9
PPl decreases its concentrations.
Tenofovir and efavirenz should not
e co-administered with atazanawir

Inhibitar for; CYP2CE and aldehyde
oxidase

DD potential not fully evaluated,
Possible inhibitor of CYP enzymes

Subistrate for. CYP3A4, CYP20D6, P-gp
Ingucer for, OYP1A2, CYP2BS, CYPICS,
CYP2CS, CP2C19, UGT1AT

Inhibitor for: CYP3A4

Increased levels of
Immunosuppressive drugs
{ealcineurin and mTOR inhibitors).
Moderate interaction risk with
tenafovie with renal functions
maonitaring.

Lopinavit! ritonavir increase
concentrations of hepatitis C
treatment.

A

MA

Mo effect on CYP450.

Partially metabolized by CYP3A4 and
a substrate for OAT3 and P-gp

OATS inhibitors cause a significant
effect on baricitinib exposure

Aspirin can ingrease the risk of
bleeding when used with it
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Table 1 Potential Gl and liver adverse effects and drug interaction profile of COMD-19 investigational drugs (Continued)

Mechanism of action Gl affection Liver affection Major drug-drug interactions
and Th chemoking IFN-y-
inducible protein-10
Ruxolitinib [91] Selecive JAK inhibitors P&, Increased ALT Metabolized by CYP3A4 and CYPICS.
Increased AST Sa, it is liable 1o DDIs with inhibitors
or inducers of these enzymes.
Rumolitinity may inhibit BCRP and P-
gp. and caution is indicated with co-
administering with substrates of
these ransporers with namrow thera-
peunic ingices,
Sarilumab [923 IL-6R inhibitor Few cases of gastrointestinal  Increased ALT Mo effect on CYP450
perforation
Tocilizemah [93) IL-6R inhibitor (Curbs Bowel perforation, pancreatitis, Elevated liver enzymes, No effect on CYPas0

cyiokine release syndiome)  abdominal pain

Reactivation of chronic
hepatitis B

ACE anglotensin-converting enzyme, ALT alanine aminotransferase, AST aspartate aminotransferase, BCAP breast cancer resistance protein, t.'é-.l.-';ﬂ-:l? coronavirus
disease-19, CYP cytochrome P450, DOI drug-drug interaction, GABA y-aminobutyric acid, G/ gastrointestinal, HIV human immunodehciency virus, FN interferon, 1L
interbeukin, P a/fl-mediated nuclear impor, JAK Janus kinase, OAT organic anion transporter, P-gp P-glycopratein, PP proton pump inhibitor, Th t-helper, TOR

target of rapamycin

SARS-CoV-2 infection or primary disease complications
[75].

In CLD patients, SARS-CoV-2 infection stimulates in-
flammatory mediators and decreases ACE2 expression,
aggravating liver cirrhosis [76]. Furthermore, NAFLD
patients infected with SARS-CoV-2 might be more vul-
nerable to DILL a cytokine storm, and ischemic damage
to the liver [77]. Similarly, HBV patients coinfected with
SARS-CoV-2 could experience HBV reactivation follow-
ing therapy [78]. Therefore, the liver function in patients
with CLD should be monitored regularly throughout the
SARS-CoV-2 infection.

Discussion
The digestive tract may serve as a possible route of
SARS-CoV-2 transmission to the liver, appendix, and
brain. The virus reaches the gut through fecal transmis-
sion, saliva, or vomiting. The persistence of viral indica-
tors in the stool may be used as a surrogate monitor for
recurrent infection [27]. A GI and liver injury mechan-
ism is a multi-hit hypothesis requiring interaction be-
tween genetics, multiple organ cross-talk, and vascular
and inflammatory response (4]. Demographic studies
have proposed a low prevalence of COVID-19-
associated Gl symptoms in China compared to other
countries; however, there is no consensus on gender or
age as predicting factors [27]. The high-risk factors in-
clude the male gender, old age, anorexia, abdominal
pain, liver enzyme abnormalities, and the histopatho-
logical findings of steatosis, acute hepatitis, and positive
viral tissue detection. Surprisingly, SARS-CoV-2 infec-
tion may worsen the background liver disease, with low
or no impact on pre-existing Gl diseases [76).

Typical GI symptoms experienced by some COVID-19
patients included diarrhea, nausea, vomiting, and

abdominal pain, which may even necessitate surgical in-
terventions [20, 29]. Therefore, all patients with GI
symptoms should be eligible for SARS-CoV-2 testing as
these symptoms may precede the respiratory symptoms
or be the only symptoms [23]. In contrast, liver injury is
observed during laboratory investigation or post-mortem
pathological studies. Liver function tests should be mon-
itored even in the absence of hepatic symptoms. Abnor-
malities in liver enzymes are reported in similar
frequencies despite the presence of pre-existing liver dis-
ease [79], and unexplained elevation of ALT/AST, an in-
crease of bilirubin, and reduced albumin levels in a
clinically suspect patient may indicate COVID-19 infec-
tion. The mechanism of Gl injury is multifactorial, with
infection and ischemic-thromboembaolic alteration play-
ing a significant role. A subsequent intestinal malabsorp-
tion, imbalance in intestinal secretions, intestinal
dysbiosis, and activation of the enteric nervous system
exacerbate the Gl infection. Even more, the mucosal in-
jury could mediate viral spread throughout the bowel
wall [26].

Similarly, the mechanism of liver injury is multifactor-
ial, confirmed by mixed histopathological findings, la-
boratory results, and radiological investigations. The
direct viral cytopathic effect has been explained by broad
hepatic SARS-CoV-2 host receptor distributions [15].
Vascular alterations result from increased blood flow,
endothelial injury, endotheliitis, thrombosis, and con-
comitant thrombotic changes in the pulmonary vessels
[54]. However, Lagana et al. reported that liver vascular
abnormalities do not correlate with pulmonary dysfunc-
tion [55]). The lack of pathological features of ischemia
did not explain the elevated serum aminotransferase
levels in COVID-19 patients but rather raises the possi-
bility of another mechanism other than hypoxic-
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ischemic injury. Similarly, the pathological findings of
sepsis are reported only in four cases [55]. The immuno-
logical and cytokine storm mechanism contributes sig-
nificantly to liver damage by releasing inflammatory
mediators and activating different immune cells [19].
The expression of Cdd was focally positive in only one
case [54, 55]. Therefore, the immunological response is
more cellular than humoral. DILI is a possible mechan-
ism, though it is still a diagnosis of exclusion. The pres-
ence of steatosis and mixed histopathological findings
supports drug-induced damage [55]. However, Wang
et al. found no significant differences in drug adherence
between patients with normal and abnormal liver en-
zymes [22]. Moreover, hepatotoxicity usually occurs after
long-term antiviral therapy. Finally, most histopatho-
logical changes in the liver were limited or related to
underlying liver diseases [53].

Suggestions for future research

COVID-19 associated with GI and liver injury is an
emerging research era with many questions with no def-
inite answers. The mechanism by which some individ-
uals experience Gl symptoms rather than respiratory
symptoms is not well elucidated. The route of GI trans-
mission and the virus's ability to survive the extremes of
GI pH require further studies. The reliable role of ele-
vated liver enzymes during SARS-CoV-2 infection must
also be investigated because liver damage is usually an
incidental finding in the routine laboratory or patho-
logical investigation. Improving the histopathological
tools in detecting viral particles could aid in elucidating
disease mechanisms. More studies are recommended to
identify the essential structural proteins of SARS-CoV-2
that promote tissue invasion and replication. Accord-
ingly, improved selective and targeted therapeutic agents
could be developed.

Conclusions

SARS-CoV-2 infection resulted in GI and liver disease
through multi-hit complex mechanisms. GI manifesta-
tions are normal in COVID-19 patients, and particular
attention should be given to high-risk patients, including
those who are older, male, and have abdominal pain, ele-
vated liver enzymes, or background liver disease.
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Study of hepatitis B virus infection,
reactivation among patients with

chronic hepatitis C infection treated
by direct antiviral agents (DAAs)

Haitham A. Azeem' @, Ashraf M. Alkabeer’, Ali Sobhy Mohammed? and Amira Ahmed Hussein®

Abstract

Background: Hepatitis B virus (HBV) may reactivate when treating chronic hepatitis C (CHC) with direct-acting
antivirals (DAA). We aimed to investigate the risk of HBV infection and reactivation during DAA therapy by
performing a prospective observational study carried on 200 patients positive for chronic HCV who were candidates
for treatment by DAA therapy according to the Egyptian guidelines from February 2019 to December 2019; the
patients identified to carry HBsAg at baseline or with positive HBc Abs were further assessed for other HBV markers:
hepatitis B e antigen at baseline, and serum HBV DNA quantitative measurement at baseline, week 4 of treatment,
end of treatment. On the other hand, recent infection by HBV among those patients was observed.

Results: Of all participants, 49% were males and 51% were females, aged above 18years. There is a highly
statistically significant difference (p-value <0.05) between HCV RNA PCR (at the beginning, at the end of 4
weeks, and at the end of 12weeks) in studied patients. There was a highly statistically significant difference
found between the liver function tests at the beginning, at the end of 4 weeks, and at the end of 12 weeks
of treatment where it shows improvement except for serum albumin. At beginning of the study, there were
34 patients who are co-infected with HCV and HBV with quantitative PCR test for HBY DNA 2 20 1U/mi. After
1 month of DAA therapy, reactivation was detected in 6 cases (4 occult cases show reverse seroconversion
(became HBs Ag positive), and 2 co-infected cases show increased HBV DNA > 1000 I1U/L above the baseline
level). In addition, 3 new cases acquired recent infection with the positivity of HBc IgM and detectable levels
of HBV DNA. After 3 months of study, reactivation was detected in one patient with co-infection (where
increased HBY DNA > 1000 IU/L above the baseline level), and 5 new cases acquired recent infection late in
the study.

Conclusion: Screening for HBV infection prior to DAA therapy is required to detect recent infection of
reactivation of previous infection during or after DAA therapy.

Keywords: HBV reactivation, DAA therapy, Chronic HCV infection

* Correspondence Haithamaly 44@azharedusg

'Depanment of Internal Medicine, Assiut College of Madicine, Al-Azhar
Universiny, Assiut, Egypt

Full list of authar information is available at the end of the article




78

Background

Hepatitis C virus (HCV) infection is the leading cause of
cirrhosis, hepatic decompensation, hepatocellular carcin-
oma, and liver transplantation [1-3]. Globally, due to
the shared modes of transmission, co-infection with both
hepatitis B virus (HBV) and hepatitis C virus (HCV) is
not uncommon. This is especially so in high-risk popula-
tions such as intravenous drug abusers, patients on
hemodialysis, patients who have received an organ trans-
plant, human immunodeficiency virus-positive patients,
and b-thalassemia patients [4]. Hepatitis B is a poten-
tially life-threatening liver infection caused by the hepa-
titis B virus (HBV). It is a major global health problem
and can cause chronic infection and puts people at high
risk of death from cirrhosis and liver cancer [5-7]. The
landscape of HCV management was dramatically chan-
ged by the recent advent of direct-acting antivirals
(DAAs) for chronic hepatitis C virus (HCV) infection,
where DAA regimens are associated with a sustained
virological response (SVR) rate of >90-95% and are
considered safe; nevertheless, a few complications have
been reported including reactivation of hepatitis B virus
(HBV) [8-10]. Recommendations have been made by
the American Association for the Study of Liver Diseases
(AASLD)/Infectious Diseases Society of America (IDSA)
and European Association for the Study of the Liver
(EASL) to screen all CHC patients before DAA therapy
for hepatitis B surface antigen (HBsAg), hepatitis B sur-
face antibody, and hepatitis B core antibody. However,
whether serum or plasma HBV DNA measurement is
necessary [4]. So, we assessed the potential risk of hepa-
titis B virus (HBV) reactivation in patients receiving
direct-acting antiviral agent (DAA)-based therapy for pa-
tients with chronic HCV.

Methods

Study design

This prospective observational study was carried on 200
patients positive for chronic HCV (positive antibody to
HCV and positive HCV RNA), from February 2019 to
December 2019, who were candidates for treatment by
DAA therapy according to the Egyptian guidelines and
systematically assessed for their eligibility for DAA ther-
apy through a standardized clinical and virological as-
sessment, including complete blood count, liver profile
included, alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), bilirubin, albumin, creatinine, pro-
thrombin time, (MINI VIDAS®, Biomerieux, France),
HBsAg, and HBc antibodies (Stat Fax 4200, Dia Sorin,
USA), done for all patients, and abdominal ultrasonog-
raphy (US) in addition to hepatic transient clastography
by fibroscan for all participants. Some patients under-
went liver biopsy. Patients with the following character-
istics were ineligible for DAAs according to the national
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guidelines: Child-Pugh class C cirrhosis, hepatocellular
carcinoma (HCC) or liver metastases, platelet counts <
50 10 cells/L, current pregnancy, or breast-feeding.
Also, patients under immunosuppressive drugs or with
hepatorenal syndrome were excluded. Written consent
was obtained from all participants; the patients identified
to carry HBsAg at baseline or with positive HBc Abs
were further assessed for other HBY markers: hepatitis
B e antigen (HBeAg, Stat Fax 4200, Dia Sorin, USA) at
baseline and serum HBV DNA quantitative measure-
ment (DT Lite Real Time PCR, DNA-Technology,
Russia, limit of detection: 25 1U/ml) at baseline, week 4
of treatment, end of treatment, and 12 weeks post-
treatment. All patients received HCV antiviral therapy
according to the Egyptian guidelines. SVR was assessed
at 12 weeks after the end of treatment using HCV RNA.
The following definitions were considered:

> Chronic hepatitis B (CHB) according to [11]

» HBsAg present for 2 6 months.

s Serum HBV DMNA varies from undetectable to
several billion 1U/ml.

s Subdivided into HBeAg positive and negative. HBV
DNA levels are typically > 20,000 IU/mL in HBeAg-
positive CHB, and lower values (2000-20,000 [U/
mL) are often seen in HBeAg-negative CHB.

e Normal or elevated ALT and/or AST levels.

¢ Liver biopsy results showing chronic hepatitis with
variable necroinflammation and/or fibrosis.

= Virological response to HCV antiviral therapy

defined by undetectable HCV-RNA during treatment

and sustained virological response (SVR) at week 12 of
post-treatment follow-up.

> HBV reactivation according to AASLD-IDSA

recommendations [11]; loss of HBV immune control in

HBsAg-positive, anti-HBc-positive, HBsAg-negative, or

anti-HBc-positive patients receiving immunosuppres-

sive therapy for a concomitant medical condition; a rise
in HBV DNA compared to baseline (or an absolute
level of HEV DNA when a baseline is unavailable); and
reverse seroconversion (seroreversion) from HBsAg-
negative to HBsAg-positive for HBsAg-negative, anti-

HBe-positive patients.

Statistical analysis

Data were verified, coded by the researcher, and ana-
lyzed using 1BM-SPSS 21.0 (IBM-5PSS Inc., Chicago, IL,
USA). Descriptive statistics such as means, standard de-
viations, medians, and ranges were calculated. Test of
significances: chi-square test was calculated to compare
the frequencies among the groups. For continuous vari-
ables, independent t-test analysis was carried out to
compare the means of normally distributed data.
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Table 1 Comparison between HOV RNA PCR results in the studied patients

N =200 At the start of treatment After 1 month of treatment At the end of treatment P-value
HCV RNA PCR MNegative 4] %% 190 95% 155 3% P1 < 0.001 HS
= : : P2 =0.045
Positive 200 100% 10 5% “- 2% P3 < 0,001 HS

%% chi-square test
5: prvalue < 0,05 is considered significant
HE: p-value < 0001 is considered highly significant

P1; refers to the statistical difference between the start of DAA and 1 month after DAA
P2: refers to the statistical diference between the start of DAA and at the end of DAA
P3: refers to the statistical difference between 1 month after DAA and at the end of DAA

> Probability (#-value)

— P-value < 0.05 was considered significant.

— P-value < 0.001 was considered highly significant.

~ P-value > 0.05 was considered insignificant.

— P1 refers to the statistical difference between the
start of DAA and 1 month after DAA.

— P2 refers to the statistical difference between the
start of DAA and the end of DAA.,

- D3 refers to the statistical difference between 1
month after DAA and the end of DAA.

Results

In the current study, 200 patients were enrolled, 15% of
them were aged <40 years, 29.5% aged from 40 to 50
years, and 55.5% aged > 50 years. Of all participants, 49%
were males and 51% were females. All patients were
positive for HCV Abs and HCV RNA PCR quantitative
test, and all were candidates for DAA therapy. There is a
highly statistically significant difference (p-value <0.05)
between HCV RNA PCR (at the beginning, at the end of
4 weeks, and at the end of 12 weeks) in the studied pa-
tients (Table 1). There is no statistically significant dif-
ference (p-value >0.05) between HBV DNA PCR
quantitative test results (at the beginning, at the end of
4weeks, and at the end of 12weeks) (Table 2). The
means of liver function prior to DAA therapy were ALT
(60), AST (55.6), ALP (285.3), GGT (60), bilirubin (2.3),
Alb (2.2), and, lasty, INR (1.2) (Table 4).

No statistically significant differences were found be-
tween liver ultrasound findings and fibroscan at the be-
ginning, at the end of 4weeks, and at the end of 12
weeks of treatment by DAAs (p-value > 0.05) (Table 3).
A highly statistically significant difference was found be-
tween liver function tests at the beginning, at the end of

4 weeks, and at the end of 12 weeks of treatment (p-
value <0.001) (Table 4), where it shows improvements
except for albumin; there was no statistically significant
difference observed in the studied patients (Table 4). At
beginning of the study, there were 34 patients who are
co-infected with HCV and HBV with quantitative PCR
test for HBY DNA = 201U/ml, 30 patients with positive
HBsAg, and 4 patients with positive HBc Ab (IgM). In
addition to 5 cases with occult HBV infection with nega-
tive HBs Ag and positivity of anti-HBc [gG, 6 patients
were immunized against HBV with positive anti-HBs Ab
{Table 5). Fourteen patients were with HBV PCR < 2000
1U/ml with normal enzymes and not received antiviral
therapy, and 20 patients were on antiviral drugs for
HBV; their fibroscan range from fO to fl in 15 patients
and from fl to f2 in 5 patients. Abdominal ultrasound
shows fatty liver in 17 patients and liver cirrhosis in 3
patients,

After 1 month of starting (DAAs), laboratory and sero-
logical investigations for all patients show that PCR for
HCV RNA was still positive in 10 (5%) patients and be-
came negative in all other patients. At the end of DAA
therapy, only 4 (2%) patients were still positive for HCV
PCR (Table &).

Associated improvement in liver functions was ob-
served (Table 4). Abdominal ultrasound throughout the
study was normal in 115 patients, fatty infiltration in 57
patients, and cirrhotic changes in 28 patients (Table 4).
Also, the fibroscan ranged between f3 and f4 in 32 pa-
tients, f1 and 2 in 55 patients, and fO and f1 in 113 pa-
tients throughout the study without changes (Table 6).

As regards other hepatitis B virology markers, no sta-
tistically significant difference was found at the begin-
ning, at the end of 4 weeks, and at the end of 12 weeks

Table 2 Comparison between HEV DMA PCR results in the studied patients

N = 200 At the start of treatment After 1 month of treatment At the end of treatment Povalue
HBV DNA PCR Megative 166 (B3%6) 159 (79 5%) 154 (7790) P1=0253 NS
: d . P2 = Q064 NS
Positive 34 {17%) 41 (20.5%) 45 (23%) P3 = 0475 NS

% chissquare wsr
% prvalue < 0.05 is considered significant
H3: p-value < 0,001 is considered highly significant

P1: refers 1o the statistical difference between the start of DAA and 1 month after DAA

P2: refers 1o the statistical difference between the stant of DAA and the end of DAA

F3: refers o the statistical difference between 1 month after DAA and the end of DAA
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Table 3 Comparison between liver function results in the studied patients

N =200 At the start of treatment After 1 month of treatment At the end of treatment P-value
ALT Mean 605 513 372 P1 = < 0.001 HS
P2 = < 0,001 HS
+ 5D 123 118 79 P3 = < 0.001 HS
AST Mean 556 423 35.7 F1 = < 0,001 HS
P2 = < 0.001 HS
+ 5D 132 127 10.2 P2 = = 0.001 HS
ALP Mean 2853 1206 90.2 P1 = <0.001 H5
P2 = <0.001 HS
GGT Mean 60.7 582 258 P1 = = 0.001 HS
P2 = <0.001 HS
Total bilirubin Mean 23 15 1M P1 = <0.001 HS
P2 = < 0.001 HS
+5D g 08 05 P3 = <0.001 HS
Direct bilirubin Mean 08 0s 01 P1 = <0001 HS
P2 = =0.001 HS
x50 03 0.1 002 P3 = <0.001 HS
Albumin Mean 22 23 24 P1 = 0151 NS
P2 = 006 NS
+SD 09 04 12 83 = 358 NE
INR Mean 1.2 109 1.1 P1 = <0.001 HS
+SD 02 03 02 P2 == 0,001 H>

P3 = <0.001 HS

X% Chi-square test
5 prvalue < 0,05 is considered significant
HS: p-valse < 0.007 is contidened highly significant

P1; refers 1o the statistical difference between the start of DAA and 1 month after DAA
P2 refers to the statistical difference between the start of DAA and the end of DAA
P3: refers to the statistical difference between 1 month afier DAA and the end of DAA

of treatment by DAAs (p-value > 0.05), except for HBc
Ab (IgM), where it increased with statistically significant
difference between the studied patients (during and after
treatment) (Table 5). As regards laboratory finding at
the start of the study, there was a positivity of HBsAg in
34 cases co-infected with HBV (with positive HBs Ag
and detectable HBEY DNA > 201U/ml) in addition to 5
occult HBV (with negative HBs Ag and positivity of HBc
IgG and detectable levels of HEV DNA) (Table 7).

After 1 month of DAA therapy, reactivation was de-
tected in 6 cases (4 occult cases show reverse serocon-
version (became HBs Ag positive), and 2 co-infected
cases show increased HBV DNA > 1000 IU/L above the

Table 4 Comparison between L/S results in the studied patients

baseline level). In addition, 3 new cases acquired recent
infection with the positivity of HBc IgM and detectable
levels of HBV DNA (Table 7).

After 3months of study, reactivation was detected in
one patient with co-infection (where increased HBV
DNA > 10001U/L above the baseline level), and 5 new
cases acquired recent infection late in the study (Table 7).

Discussion

HCV is a worldwide infection affecting about 180 mil-
lion persons with the highest prevalence in Egypt. ASAL
D (2015) demonstrated that the American Association
Study of Liver Disease suggests that all HCV patients

N =200 At the start of treatment After 1 month of treatment At the end of treatment p-value
Abdominal ultrasounds
tormal 115 (57.5%) 115 (57.5%) 114 (57%) pl = 1.0 M5
Fatty 57 (28.5%) 57 (28.5%) 58 (29%) p2 = 0.993M5
Cirrhotic 28 {145%) 28 (14%) 28 (14%) p3 = 0993 NS

J;fii (h-i'ﬁl.l.ll'l‘ test
% prvalue <005 is considered significant
H5: prualue < 0001 iz considered highly significam

P1: refiers to the statistical difference between the stant of DAA and 1 menth after DAA
PZ: refers to the statistical difference between the start of DAR and the end of DAA
P3: refers 1o the statistical difference between 1 month after DAA and the end of DAA
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Table 5 Comparison between hepatitis virology markers in the studied patients

N =200 At the start of treatment After 1 month of treatment At the end of treatment P-value
HCV Ab
Megative 0 7 0 %% 0 0% -
Positive 200 100% 200 100% 200 100%
HBs Ag
Negative 166 83% 159 79.5% 154 7% P1 = 0439 NS
Positive 3 17% 41 20.5% 46 23% b :g
HBs Ab
Negative 194 97% 194 979 194 97% P1=10NS
Positive 6 3% 6 3% 6 3% e
HBc Ab
lgG
Negative 165 825% 165 825% 164 82% Pl = 0585 NS
Positive 35 175% 35 17.5% 36 18% i
igh
Negative 196 98% 193 % 189 94.5% P1 = 0521 N§
Positive 4 2% 7 3% n 55% e
HB e Ag
Negative 194 97% 194 97% 193 96.5% P1 = 0.759 NS
Positive & 3% 6 3% 7 3.5% ﬁ‘; :g;;ﬁ xg
HB e Ab
Negative 180 90% 178 89% 178 8% P1 = 0744 NS
Positive 20 10% 2 1% 2 1% i

%% chi-square test
S povalue < 0005 is considered significant
HS: p-value <0001 is considered highly significant

P1: refers to the statistical difference between the start of DAA and 1 month after DAA

P2: refers 1o the statistical difference between the start of DAA and the end of DAA

P2: refers to the statistical difference between 1 month after DAA and the end of DAA

who are about to initiate DAA therapy should be
assessed for HBV co-infection by checking for the pres-
ence of HBsAg, anti-HBs, and anti-HBc. In addition, pa-
tients with positive HBsAg should be tested for HBV
DNA viral load before the initiation of DAA therapy.
The patients who meet the criteria for HBV treatment
due to active HBV infection should initiate the HBV
treatment before or during the HCV treatment. The

patients with low or undetectable HBV DNA levels
should be monitored at regular intervals (usually no
more than once every 4 weeks) for HBV reactivation,
and the patients with HBY DNA levels that meet treat-
ment criteria should initiate HBV therapy. For those pa-
tients with positive anti-HBc or anti-HBs and anti-HBc,
there are no sufficient recommendations; however, there
is a risk of HBV reactivation in the case of elevated liver

Table 6 Comparison between fibroscan results in the studied patients

At the start of treatment 1 month of treatment At the end of treatment P-value
Fibroscan FO-F1 13 5650 113 56.5% 1 55594 Pl=10MNS
: P2 = 0973 NS
F1-F2 55 27 5% 55 2758 57 285% B3 = 0973 NS
F3-Fa 12 16.5% 32 16.5% 32 16.5%

%% chi-square test
S p-value < 0.05 Is considered significant
HS: pvalue < 0,001 Is considered highly significant

1: refers to the statistical difference between the start of DAA and 1 month after DAA

P2 refers 1o the statistical difference between the start of DAA and the end of DAA

P3: refers 1o the statistical difference between 1 month after DAA and the end of DAA
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Table 7 Comparison between HBV DMA PCR results in the studied patients

N=15 At the start of treatment 1 month of treatrment At the end of trealmem._ P-value
HBV DNA PCR
MNegative 12 (BO58) 5 (33.3%) 0 (0%s) P1 = 0.009 HS
; . P2 = 0.001 H5
Positive 3 (2098 10 { 66.7%) 15 (1055) P3 = 0.0145
%% chi-square test T

& pvalue < 0.05 Is considered significant
HS: pvalue <0001 is considered highly significant

P1: refers to the statistical difference between the start of DAA and 1 month after DAA
P2: refers 1o the statistical diference between the star of DAA and the end of DAA
P3: refers to the statistical difference between 1 month after DAA and the end of DAA

enzymes during or after DAA therapy. This prospective
study was carried on 200 patients with chronic HCV in-
fection who visited our outpatient clinic in Al-Azhar
University Hospital and Aswan antiviral unit who started
DAA-based therapy, and the patients were evaluated for
HBV reactivation during and after DAA therapy; 34 of
thern had chronic HBV.

In the current study, 15% of cases aged <40 years,
29.5% aged between 40 and 50 years, and 55.5% aged >
50 years, and 49% were males and 51% were females; this
agreed with the Egyptian Demographic Health Survey
(EDHS) that estimated the prevalence of HCV antibodies
and HCV RNA in HCV patients, commonest among the
15-59 years age group [12, 13], which may be as a result
of continuing exposure and increased risk of infection in
this age group [14], and this was nearly in agreement
with Kawagishi and Suda'’s study that included 191 pa-
tients with HCV infection who received IFN-free DAA
therapies where the mean age was 69 years and 86% of
cases were males; also, our documented age was agreed
with Lin et al.'s study [15] where the mean age of stud-
ied cases was 59.9 years and males represented 58% of
cases. In the current study, no statistically significant dif-
ferences were found between ultrasonographic and
fibroscan findings in the enrolled cases at the start of the
study, 1 month after, and after treatment (p-value >
0.05), while in Lin et al's study [15], they used APRI
score (this is an AST to Platelet Ratio Index) that was
the main tool used to determine liver cirrhosis status. In
a meta-analysis of 40 studies, investigators concluded
that an APRI score > 1.0 had a sensitivity of 76% and a
specificity of 72% for predicting cirrhosis. In addition,
APRI score > 0.7 had a sensitivity of 77% and a specifi-
city of 72% for predicting significant hepatic fibrosis
[16]. Our findings were agreeing with Yeh et als study
[17], where they did not observe any HBV-related ALT
flare (abrupt rise of ALT level to > 5 times the upper
limit of normal during chronic (HBV) infection or hep-
atic decompensation, but were antagonistic as regards to
ALT, where there was no ALT clevation before or at the
peak of HBV DNA levels in HBsAg-positive patients
with HBV reactivation, indicating that on-treatment

ALT monitoring may not be sensitive enough to detect
HBV reactivation) [17]. Most patients in Belperio et al.’s
study [18] appeared to have “silent” or “mild” HBV re-
activation characterized by normal ALT or less than a 2-
fold change in ALT. The accurrence of HBV reactivation
without hepatitis in the setting of DAA treatment has
also been observed as the most common presentation by
others. The observed incidence of HBV reactivation
among HBsAg-positive patients of 8.3% (7/84) and the
incidence of HBV reactivation with evidence of bio-
chemical hepatitis of 2.4% (2/84) warrant use of HBY
prophylaxis in this setting. Notably, there was an appar-
ent lack of association with baseline HBV DNA levels as
3 of the B with reactivation had undetectable pre-DAA
HBY DNA levels. HBV reactivation was detected in 6
patients (12.8%) during treatment and reach to 7 pa-
tients (17.9%) after treatment, and this was higher than
Belperio et al.'s study [18]; 62,290 patients infected with
HCV were retrospectively assessed having completed
oral DAA treatment. Among the 377 patients (0.6%)
who were known to be HBsAg-positive prior to DAA
initiation, 96 (25.5%) were on HBV treatment at the start
of DAA therapy. HBV reactivation was defined by a >
1000 1U/mL increase in HBV DNA occurring while on
DAA treatment. Eight of the cases occurred in patients
known to be HBsAg positive, and 1 case occurred in a
patient known only to be isolated anti-HBe-positive
whereas HBV reactivation occurred in HCV infected pa-
tients with and without detectable HBEV DNA prior to
DAA initiation. HBV reactivation did not appear to be
impacted by baseline HCV RNA level, presence of cir-
rhosis, or HCV DAA regimen. The rate of reactivation
of HBV infection in the current study is higher than the
reported HBV reactivation rate of 1-2% per year in per-
sons with inactive disease. Thus, providers should
recognize that patients with isolated anti-HBc are at
some risk, albeit less, and that identifying these patients
prior to DAA treatment and assessing HBV DNA status
can heighten recognition of reactivation [19]. Our study
was in line with Cheng et al.’s study [20], which reported
327 patients receiving pan oral DAA agents for HCV in-
fections in areas endemic for HBVY in China. Ten
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patients were positive for hepatitis B surface antigen
(HBsAg), and 124 patients had occult HBV infection.
HBV reactivation was determined by measuring HBV
DNA and HBsAg status in serial serum samples col-
lected every 2weeks during DAA treatment and then
every 4 weeks after treatment until week 12. In the total
study population, 10 patients (3.1%) had hepatitis; 3
cases were associated with HBV reactivation (1 case not
in the icteric phase, 1 case in the icteric phase, and 1
case with liver failure) and 7 from other causes. Testing
positive for HBsAg before DAA treatment was a strong
risk factor for developing hepatitis during treatment
(hazard ratio, 15.0; P < .001). The study had some limita-
tions; were we are unable to identify some detailed infor-
mation that might have had an effect on HBV
reactivation such as HBsAg level, anti-HBs titer, and
HBV genotype. In addition, the type of DAAs is not in-
cluded in the study which may play a role in reactivation
of previous HBV infection.

Conclusion

Sereening for HBV infection prior to DAA therapy is re-
quired to detect recent infection and reactivation of pre-
vious infection during or after DAA therapy which may
affect the outcome of DAA therapy.

Abbreviation
Dang: Direct antiviral agents
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Abstract

recipients.

CoV-2 pandemic,

management.

Background: The current SARS-CoV-2 pandemic may negatively impact the care of liver transplant candidates and

Main body of the abstract: Accordingly, each country must have its national guidelines based on the current
situation and according to available tocls. Liver Transplantation Scientific Committee of Waiting List Project in Egypt
was established in 13 April 2020. One of the major objectives of this Scientific Committee is the preparation of
national protocel for Transplant Centers in Egypt to deal with living donor liver transplantation (LDLT) during SARS-

Conclusions: The protocol highlights basic hospital requirements for LDLT during SARS-CoV-2 pandemic, the
patient selection from the waiting list, management of patients on the waiting list, and post-transplant

Keywords: SARS-CoV-2, LDLT, Egyptian national protocol, Waiting list project

Background
COVID-19 is the disease caused by an emerging corona-
virus named severe acute respiratory syndrome

coronavirus-2 (SARS-CoV-2) that was initially detected in
Wuhan City, Hubei Province of China in December 2019.
This virus spread across China and then spread worldwide
and finally has been declared a pandemic [1, 2].
SARS-CoV-2 infection is acquired from anyone who is
shedding the virus. Person-to-person transmission was de-
tected through close exposure (< 6 feet) to an infected per-
son with COVID-19, mainly via respiratory droplets
produced when the infected case coughs or sneezes. The

* Conespandence: nahedmakiEyahoo.com; nahed mak@aunedueg
Hary Said Abd Elbaser is the Head of the Scientific Comminee
*Tropecal Medicine and Gastroenterology, Medical Team of Liver
Trarsplantation at Al-Aajhi Liver Hospétal, Faculty of Medicing, Assiut
University, Assiut, Egypt

Full list of authar information Is available at the end of the article

e

transmission frequently occurred from symptomatic per-
sons with COVID-19 through droplet spread. Less fre-
quently infection acquired from asymptomatic person has
occurred, and the transmission is presumed to be possible
from close contact with contaminated objects [1].

Older patients and those with pre-existing medical
health problems are at risk of having severe course of
disease. It is unclear to what degree chronic liver dis-
eases should be considered as risk factors, due to insuffi-
cient clinical studies [3]. However, patients with end-
stage liver disease are at increased risk of infection due
to cirrhosis-associated immune dysfunction [4].

Between 1990 and August 2013, 3804 liver transplants
were performed in Arab Countries, with Living Donor
Liver Transplantation (LDLT) represented 80%. A lot of
Egyptian patients were suffering from end-stage liver
disease (ESLD), and necessitating liver transplantation
(LT). More than 50% of transplanted cases in Arab



countries were reported from Egypt. The regulations for
LDLT were made by the Egyptian medical syndicate [5],
whereas deceased donor (cadaveric) liver transplant
(DDLT) has not yet been authorized. Between July 2018
and January 2020, 380 LDLT operations were performed
in Egypt [Data were obtained from Ministry of Health
(MOH)] registery database for National Project of Wait-
ing Lists, Egypt).

Information on transplant recipients with COVID-19
are still few and based on published case reports or case
series but accumulating experience is going on. How-
ever, based on previous data from other viruses includ-
ing SARS, serious infection in the immunocompromised
persons such as organ transplant recipients has hap-
pened. Mild affection has also been observed. The risk
factors for severe infection have not been completely
known, The American Society of Transplantation antici-
pated a greater viral load and shedding in transplant re-
cipients that could result in more infectivity and spread
to other persons [1]. The current pandemic requires un-
usual allocation of healthcare resources which may nega-
tively impact the care of patients with chronic liver
disease [3].

Main text

Rational

Each country with limited resources must have its na-
tional guidelines for LDLT during SARS-CoV-2 pan-
demic based on the current situation and according to
the local resources and available tools.

Aims of this protocol

1- Basic hospital requirements for LDLT during
SARS-CoV-2 pandemic.
2 Patient selection from the waiting list.

3 Management of patients on the waiting list for
LDLT.

4 Post-transplant management.

Hospital requirements for LDLT during SARS-CoV-2
pandemic

Basic hospital staff, facilities, and equipment re-
quired to restart LDLT program during the
pandemic:

a) Presence of sufficient staff for initial evaluation of
cases based on symptoms, background, and
exposure history (e.g., fever, respiratory symptoms,
loss of taste or smell, contact with proven case of
SARS-CoV-2 infection) by using rapid questionnaire
survey.

b) Nasopharyngeal swab for SARS-CoV-2 PCR labora-
tory facilities: Nasopharyngeal swab must be done

Hepalology and Transplant Hepatology: A Case-Based Approach

for both recipient and donor 48 h before hospital
admission and 24 h before the operation.

¢) High-resolution CT chest for both recipient and
donor on hospital admission.

d) Laboratory facilities and infection control team
facilities for screening, early detection of suspected
cases including hospital staff, potential donors, and
recipients.

e) Provide safe pathway for both recipient and donor
including operative rooms, ICU, ward, necessary
equipment such as ventilators, ultrasound, and
duplex equipment.

Medical staff precautions and protection:

a) Personal Protective Equipments (PPE) must be
provided to all operative team, ICU staff, ward staff,
radiology and laboratory staff i.e. (All medical
persons and workers who are in contact with donor
and recipient in perioperative care) (detailed
infection prevention and control procedures during
SARS-COV-2 pandemic, Additional file 1: Annex 1)

b) Any medical staff with a history of contact with
confirmed cases of COVID-19 without wearing full
PPE must be temporary excluded from the team for
home isolation for 14 days +/- nasopharyngeal swab
if needed (i.e., if any suggestive symptoms appear
like fever, cough) [6].

Patient selection from the waiting list
Basic precautions needed for potential recipients for
LDLT:

Recipients of LDLT and donor candidates must have
home isolation and personal distancing for a minimum
of 10days, counting back from the planned date of
transplantation. Reporting any fever or respiratory symp-
toms to the transplant team by phone [7].

Initial evaluation before admission:

Evaluation is based on symptoms, background, and ex-
posure history (e.g., fever, respiratory symptoms, loss of
taste or smell, contact with proven case of SARS-COV-2
infection) and by the latest updated rapid survey ques-
tionnaire provided and updated by MOH.

Nasopharyngeal swab for SARS-CoV-2 PCR:

Masopharyngeal swab must be done for both recipient
and donor 48 h before hospital admission and 24 h be-
fore the operation [3, 7).

High-resolution CT chest for both recipient and
donor on hospital admission.

As negative nasopharyngeal swab results do not com-
pletely exclude SARS-CoV-2 infection [8], so CT chest is
mandatory during the pandemic.

The transplant team must explain to potential re-
cipients and their relatives the risk of SARS-CoV-2
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infection aggravation under post-transplant immuno-
suppression [7].

Recipient selection, Table 1.

*High priority for liver transplantation denotes mor-
tality risk on the waiting list overweighs the risk of
SARS-CoV-2 infection.

Moderate risk: Case by case discussion with Liver
Transplantation Team, but the Scientific Committee of
MOH national project of waiting lists does not recom-
mend transplantation in the current situation.

Transplant candidate with a history of confirmed
COVID-19 disease:

- Non-urgent transplantation should be avoided.

— If urgent transplantation is indicated:

- Nasopharyngeal/oropharyngeal PCR should be

negative twice (at least 48 h apart).

— Complete resolution of clinical, laboratory, or

radiological findings.

— ldeal disease-free interval is unknown but not less

than 20 days from disease onset, and better to be
more than 37 days [1, 9].

Recommendations for the donors (pre-operative
test and management) (1, 3, 10]:

a) Only the donor with low risk is accepted.

Mo direct contact with a positive or suspected patient.
Mo suspicious symptoms as follows:

Fever (> 38°C).

Malaise or flu-like symptoms, +/- myalgias.
New cough.

Shortness of breath.

Unexplained abdominal pain, nausea, and/or
diarrhea.

& Loss of sense of taste and/or smell.

Table 1 Recipient selection for LOLT during SARS-CoV-2 pandemic

b) Recommendation for home isolation 14 days before
hospital admission.

c) Complete blood count (CBC) shows no leucopenia
and C-reactive protein (CRP) is negative

d) Radiological chest X-ray and high-resolution CT
should be negative for any suspected lesion.

e) Nasopharyngeal/oropharyngeal PCR should be
done twice in the week before transplantation
with 48-72 h apart.

f) High-risk donors who have direct contact with
positive or suspected patient with any suspicious
symptom should be advised to postpone donation
for 28 days after symptom resolution and have a
negative PCR test.

g) Detailed informed SARS-CoV-2 infection risk con-
sent should be taken from the donor [11]

Management of potential recipients on the waiting list for
LOLT

a) All potential recipients on the waiting list should be
regularly followed up either by phone contact or
transplant clinic visits whenever needed.

b) Monthly update of Child-Pugh and MELD scores
(weekly update if MELD> 25).

c) Abdominal ultrasound/duplex and alpha-fetoprotein
every 3 months.

d) Triphasic CT portography if the results of
ultrasound/duplex is suspicious.

e) Weekly arrangement of waiting list by liver
transplant team in each center according to Child-
Pugh, MELD score, HCC characteristics of potential
recipients.

f) Mortality/dropout on the waiting list must be
recorded including date, time on waiting list, and cause
of death/dropout.

High priority risk group*

Moderate risk group

& Fulminant liver failure

& MELD equal or greater than 20

& Child-Pugh class C (score 10).

& Previous history of HRS,

& Previous history SBP,

® Benign (PVT) grade 11,

& HCC within Milan unfit for brdge (Child-Pugh late B or C)

Criteria

& MELD 15—19
# HCC within Milan fit for bridge therapy.

» HCC beyond Milan within UCSF with a good response of downstaging after

3 months.
Decision Proceed for transplantation with precautions

Complete donor preparation, close follow up on the
waiting list

MELD model for end stage liver disease; HRS hepato-renal syndrome; SBF spontaneous bacterial peritonitis; PYT portal vein thrambesis; HOC hepatocellular
carcingrma; UCSF University of California San Francisce:® high priosity for liver transplantation  denotes mortality risk on the waiting list overweighs the risk of

SARS-CaV-2 infection
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g) We recommend that specialized centers for liver
transplantation provide easily accessible contact
information to facilitate immediate hepatology
consultations to the local health care providers if needed.
h) Include nasopharyngeal swab PCR testing for
COVID-19 disease for patients with acute on chronic
liver failure [3].

i) Counseling of liver transplant candidates for
vaccination against Streptococcus preumoniae and
influenza (3].

j) Detailed informed Covid-19 disease risk consent for
recipient before the operation [11]

Post-transplant management
Immunosuppressant protocol:

Maintain the usual protocol of immunosuppressants
which is based on calcineurin inhibitors (CNIs), myco-
phenolate mofetil (MMF) and steroid, and at the usually
recommended target levels.

For a recipient with proven post-transplant Covid-
19 disease:

a) Data from different liver transplant centers are
scarce and there is no consensus on how to deal
with immunosuppressant drugs in such situation.
So far there have been no specific
recommendations in terms of course or
management of liver transplanted patients from
major Societies. Some reports suggest decreasing
immunosuppression for infected recipients, if no
recent rejection episodes. Paradoxically, others
suggest that a reactive immune response might be
the cause for severe tissue damage and that
immunosuppression might be protective from the
postulated cytokine storm [12, 13].

b) The national recommendations include reduction/
hold of CNI dose, according to disease severity and
radiological finding in CT chest. This must be done
as case by case discussion in a multidisciplinary team
with a senior chest consultant, transplant hepatology
consultant, and ICU consultant in severe cases.

¢) MMF/Azathioprine (AZA) hold should be
discussed on a case by case basis. It is essential to
consider reducing azathioprine or mycophenolate
dosages, especially in the setting of lymphopenia,
fever, or worsening pneumonia attributed to
COVID-19 [14].

d) Patients who develop adult respiratory distress
syndrome (ARDS), use steroid dose as recommended
by Covid protocol prepared by MOH [15].
Methylprednisolone 1 mg/kg/day for 3-5 days then
oral steroids in tapering dose over 4-6 weeks.

e) Drug-drug interactions with immunosuppressant
medications need to be evaluated and managed [15).

Hepatology and Transplant Hepatology: A Case-Based Approach

f) We recommend regular telephone communication
between the liver transplant team (or Central
Transplant Committee) and health care physicians
caring for liver transplant recipient with proven
COVID-19 positive at isolation hospital.

Post-transplant clinic and follow up visits:

a) For recipients who transplanted more than 3 months,
the follow-up can be made through telemedicine with
the transplant team according to scheduled visits as usual
or exceptional telemedicine if any new developed symp-
toms or whenever needed. Hospital visit and/or admis-
sion whenever needed according to clinical judgment by
the transplant physician in charge with the case (12, 16].
All recipients discharged from the hospital with educa-
tional booklet information that includes the alarm symp-
toms (eg, fever, cough, vomiting, or diarrhea) and
contact details for the transplant team members.

b) Early postoperative period: less than 3 months from the
operation, regular post-operative follow-up visits as per
center protocol. Limit the number of patients who visit
the transplant clinic, and limit the number of family mem-
bers/friends who accompany patients in their visits. Special
precautions on hand hygiene, wearing face mask through-
out the visit, well-aerated rooms for waiting, keep distance
2 m between patients at waiting area, and decontamination
of the waiting area should be practiced, ete. [12].

¢) Transplant recipients should be educated about the
importance of performing frequent hand hygiene,
cleaning frequently touched surfaces, avoidance of
crowded public places, and applying social distancing,
staying away from individuals who are ill [17].

Vaccination:

The usual vaccination of liver transplant recipients
against Streptococcus pneumoniae and  influenza is
strongly recommended [3].

Travel restriction for transplant recipients:

It is essential to postpone all non-essential travel for
transplant recipients. We also recommend that trans-
plant patients’ immediate household contacts should not
travel to high-risk areas [1]. Recipients transplanted
from rural areas are instructed to stay nearby to their
transplant centers at least for the first 3 months.

Conclusion

The preparation of a national protocol for Transplant
Centers in Egypt to deal with LDLT during SARS-CoV-
2 pandemic is essential. This protecol highlighted basic
hospital requirements, the patient selection from the
waiting list, management of patients on the waiting list,
and post-transplant management during SARS-CoV-2
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pandemic. Regular and frequent updates are essentially
needed according to any emerging data.
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Background: Hepatic encephalopathy exacerbates the morbidity, delays hospital discharge, and increases the rate

otic patients, particularly those are admitted by acute variceal bleeding. We evaluated the
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model depends on two objectively evaluated parame-
ters (serum albumin and serum bilirubin); it assesses
the degree of underlying hepatic reserve function in
cirrhotic patients and has a high degree of perform-
ance in prediction of mortality due to liver failure [9).
This score was widely validated in many reports [10-13].
In this study, we assessed the performance of albumin-
bilirubin score in prediction of hepatic encephalopathy in
cirrhotic patients with acute variceal bleeding, in compari-
son to Child-Pugh and MELD scores.

Methods

Study design

This is a prospective cohort study that was conducted in
accordance to strengthening the reporting of observa-
tional studies in epidemiology (STROBE) guidelines [14].

Source of data and potential eligible population

This study was conducted at adult gastroenterology unit
of internal medicine department at Tanta university hos-
pitals, in the period from January 2020 to December
2020 on a total of 319 patients who were admitted con-
secutively by acute upper gastro-intestinal bleeding
(hematemesis and/or melena); all patients were resusci-
tated and then they were evaluated by upper gastro-
intestinal (GIT) endoscopy for assessment and control of
bleeding source. Our eligible participants were recruited
in accordance to our inclusion and exclusion criteria
that were assessed within the first 24 h after admission.

Exclusion and inclusion criteria

Fifty-four patients were excluded as they did not fulfill
study inclusion criteria (31 patients were excluded due
to non-variceal upper GIT bleeding, 9 patients excluded
as they were clinically unfit for upper GIT endoscopy,
10 patients were excluded due to failure of endoscopic
control of variceal bleeding, 4 patients were excluded be-
cause cirrhosis was not confirmed), five patients were
excluded as they were presented by hepatic encephalop-
athy before upper GIT endoscopy, three patients were
excluded as they died shortly after admission during pre-
operative resuscitation, and seven patients were excluded
as they refused follow-up in our unit. Therefore, the eli-
gibility criteria were fulfilled in only 250 cirrhotic pa-
tients who were presented consecutively by acute
variceal bleeding and were controlled successfully by
upper GIT endoscopy.

Data collection

Each patient was meticulously evaluated after admis-
sion and resuscitation with or without blood transfu-
sion, and then upper GIT endoscopy was done within
12h from the occurrence of hematemesis and/or
melena for fit patients to diagnose and control of

bleeding source; all the operators were highly experi-
enced physicians at our endoscopy unit. The follow-
ing first admission criteria were evaluated for all
patients who fulfilled our inclusion criteria: demo-
graphic criteria (age and sex), clinical criteria (pres-
ence of hematemesis and/or melena, ascites, spleen
diameter, variceal grading, endoscopic modality of
variceal bleeding control and their need for blood
transfusion), and laboratory criteria (AST, ALT, s.al-
bumin. s.bilirubin, INR, s.creatinine, platelet count,
hemoglobin). The collected patients’ laboratory data
were used to calculate Child-Pugh, MELD, and
albumin-bilirubin (ALBI) scores. Albumin-bilirubin
score was calculated using the following formula
[(logl0 bilirubin in pmol/L x 0.66) + (albumin in g/L
x - 0.085)]. Levels € - 2.6 was considered as ALBI
grade 1, levels > - 1.39 was considered as ALBI grade
3, and other levels were considered as ALBI grade 2
[9]. All patients were followed up for 4 weeks for pos-
sible occurrence of hepatic encephalopathy; we con-
sidered the day of hematemesis or the day of first
appearance of melena as the initiation time point of
follow-up period; all patients were followed up firstly
at our emergency unit for few days and then com-
pleted the follow-up period at internal wards of our
gastroenterology unit or at our outpatient eclinic
through scheduled examinations every week, as illus-
trated in study participants’ flow diagram (Fig. 1). All
patients received broad spectrum antibiotics routinely
for at least 1 week after endoscopy as a prophylactic
measure for post-endoscopic bacterial infection.

Statistical analysis methods

We used IBM SPSS, version 23 statistic software (IBM,
NY, USA), for both summarization and statistical ana-
lysis of our collected data. The mean and standard devi-
ation (SD) was wused for normally distributed
quantitative data while the median and interquartile
range (IQR) was calculated for abnormally distributed
quantitative data; however, all qualitative data were tabu-
lated as frequency and relative frequency tables. Receiver
operating characteristic (ROC) curves were calculated
for our ALBI, Child-Pugh, and MELD scores, and their
areas under the ROC curve (AUC) were computed. The
cumulative incidence functions for hepatic encephalop-
athy in-between ALBI grades were illustrated using
Kaplan-Meier curve and analyzed using the Log Rank
test. P values less than 0.05 were considered statistically
significant.

Results
Table 1 of our results shows the main demographic,
clinical, and laboratory baseline criteria for study eligible
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Potentlal eligible population:

319 patlents were consecutively presented to our emergency gastroenteralogy unit by upper
GIT bleeding (hematemesis and/or melena)

Excluslon criterla: (n=69)

- Unfulfillment of study Inclusian criberia [n=54)

- Presentation with hepatic encephalapathy [n=5)

- Death during resuscitation before endascopy (n=3)
- Refuse of follow up in our unit (n=7)
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Eligible population:

250 cirrhotic patients who were consecutively presented by variceal bleeding that well-
contralled by upper GIT endoscopy.

Measuring baseline ALBI score, Child-Pugh score and MELD score

¢

Follow up for 4 weeks
for pessible occurence of hepatic encephalopathy

Drop out[n=5)
considered as censored
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w

Ascertalnment of hepatic
encephalopathy
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Present (n=dg)

Absent [n=199)

Fig. 1 Panicipants’ flow diagram
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population as well as their baseline scores of liver func-
tions (Child-Pugh, MELD, and ALBI scores).

Table 2 of our results shows cross-tabulation of hep-
atic encephalopathy versus deferent grades of ALBI
score along the follow-up period; the cumulative inci-
dence of HE in our study was found to be 18.3% (46 HE
cases) after 4 weeks follow-up time; 39 of these HE cases
(84.8%) occurred in patients with ALBI grade 3 while
the remaining 7 HE cases (15.2%) occurred in patients
with ALBI grade 2.

Figure 2 of our results illustrates the receiver operating
criteria curve for baseline ALBI, Child-Pugh, and MELD
scores in prediction of hepatic encephalopathy with AUC
and their respective confidence intervals and significance
values (AUC 0858, 0654, and 0.602; Cl 0.802-0914,
0.574-0.735, and 0.519-0.686 with sig 0.000, 0.001, and
0.031 for ALBI, Child-Pugh, and MELD scores respectively.

Figure 3 of our results illustrates cumulative incidence
function for different ALBI grades as a risk factor pre-
dicting hepatic encephalopathy, in which there was a sig-
nificant difference between ALBI grade 2 and ALBI
grade 3 (sig = 0.000).

Discussion

Acute variceal bleeding is a known predisposing risk
factor for hepatic encephalopathy in cirrhotic patients
[1, 3]; this may exacerbate the morbidity and delay hos-
pital discharge as well as increase the rate of hospital
readmissions and mortality in those patients [1-6]; con-
sequently, early administration of appropriate prophylac-
tic measures for HE in risky patients with AVB may
mitigate both morbidity and mortality burden as well as
alleviate the possible shortage of hospital places espe-
cially in emergency situations.
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Table 1 Main baseline participants’ criteria:
Baseline criteria for eligible population Value
Demographic criteria
+ Age (years) Mean (50) 58 (2.1}
« Sex « Male Count (36) 160 (&%)
+ Female Count (35) 90 {36%)
« Tatal Count (235 250 (10056}
Patients clinical criteria
« Presentation » Hematemesis Count (36} 52 21%
« Melena Count (98) 7 15%
+ Combined hematemesis and melena Count (34) 161 L)
« Previous variceal bleeding Count {34) 105 42%
+ Variceal grading « Grade 1 Count (%) 10 4%
» Grade 2 Count (36) 102 41%
« Grade 3 Count 9%} 138 55%
« Variceal bleeding control « EBL Count (96) 42 17%
« EIT Count (%) pui - B3%
* Need for blood transfusion Count (%) 163 653
+ Ascites « No ascites Count (%) 3 {13.2%)
« Mild to moderate Count (56) 141 (56.49)
+ Massive Count (%) 76 (30.4%)
« Spleen diameter {cm) Medlan (IOQR) 15 (3)
- HCC Count (96} 22 (59%)
- Etiolegy of cirrhosis « CHC Count (%) 166 (78.4%4)
« CHB Count (%) ra (B4%)
« CHC and CHE Count (36 9 (3.6%)
« Other Count (36) 24 (9.654)
Laboratory parameters
= ALT (/L) Mean (500 433 (11.86)
« AST (ILVL) Mean (50} 476 (10.73)
+ 5, albumin (gm/) Mean (50) 289 (3.432)
« 5. bilirubin (ma/dl) Median (K2R) 25 {14)
« INR Median (IOR) 21 (030
« 5. creatinine (mg/dl) Median (KIR) 1.2 {0.2)
« Platelets (10%/mm® Median ({3R) 145 (54)
« Hemoglobin (g/dl) Median (IQR) 95 (0.9
Evaluated scores for liver functions
» Child-Pugh score tadian (10R) i0 (3
+ MELD score Median (}JR) 198 [4.4)
« ALBI score Median (ICR) -14 0.5)
+ ALBI grade + ALBI grade 1 Count (5) 0 {09}
« ALBI grade 2 Count {3 118 (47,292
« ALBI grade 3 Count (98) 132 (52.5%)

EBL endoscopic band ligatien, EIT endoscopic injection therapy, HCC hepatoceliular carcinoma, CHC chronlc hepatitis €, CHB chronic hepatitis B, ALT alanine
aminotramsferase, AST aspartate aminotransferase, INR international nermalized ratio, MELD modified end-\stage liver disease, AL albumin-bilirubin, 50 standard

deviation, [OR interquartile range
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Table 2 ALBI grades versus hepatic encephalopathy cross-tabulation

Hepatic encephalopathy sig. Risk estimate
Present (n = 46) Absent (n (e
lstweek 2nd week 3rdweek 4thweek Total =209
ALBl grade 2 ([n=118) Coumt (%) 2 (286%) 4(571%) 1043 000 7 (5.9%) 11 (94.1%) <00005 498 (231-1075)
ALBI grade 3 (n= 132) Count(36) 14 (355 18 (462%) S5(128%) 2 (51%) 39 (29.5%) 93 (70.5%)

ALB! grade albumin-bilirubin grade

In this respect, the risk stratification of those cirrhotic
patients with AVE at hospital admissions could be help-
ful for early prediction of possible occurrence of HE
even after bleeding control; these predictors were evalu-
ated in many reports [15, 16]. One of these risk stratify-
ing factors is the underlying liver function which is
commonly assessed by Child-Pugh score [7]; however,
this score may be limited by the interrelation between
albumin and ascites and the subjective assessment of
encephalopathy and ascites [8]. In our study, we used
the new ALBI score for the underlying liver functions as
a risk stratifying factor for prediction of HE in cirrhotic
patients with AVB; we hypothesized that this score has a
better performance in comparison to Child-Pugh and
MELD scores as it depends on only two objectively
assessed parameters (serum albumin and
bilirubin).

First of all, we found that the cumulative incidence of
HE in our patients were about 18.3% within 4 weeks
follow-up period, and the reported cumulative inci-
dences of HE after AVE have great variability; it was re-
ported as 16.9% by Win | et al. [17], 31.4% by Fouad TR
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et al. [18], 40% by Sharma P et al. [19], and 54.5% by
Higuera-de-la-Tijera F et al. [20]; this wide discrepancy
may be due to the wide variability of the underlying re-
serve liver functions, variability in follow-up periods, and
variability in modalities of variceal bleeding control.
Various prophylactic measures of HE in cirrhotic pa-
tients after acute upper GIT bleeding were studied in
many reports and were found to significantly improve
the incidence rates of HE in those patients; these mea-
sures aim to eliminate the blood from GIT to decrease
the absorption of its toxic products which is the main
mechanism of HE after AVE [17-20].

As regards the accuracy of ALBI score in prediction of
HE in cirrhotic patients with AVB in comparison to
both Child-Pugh and MELD scores, we found that all of
these scores had a significant performance; however, we
found that ALBI score had the highest performance
followed by Child-Pugh score then MELD score. Fouad
TR et al. [18] reported a similar conclusion to ours as
they identified the possible risk prediction of HE for

ALBI score in comparable to Child-Pugh and MELD
scores.
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In our study, we used ALBI grades for risk stratifying
of our patients, and we found that the cumulative inci-
dence function of HE in cirrhotic patients with ALBI
grade 3 was significantly more than that present in ALBI
grade 2; most of these HE cases occurred in the first 2
weeks of follow-up period, so we could suggest that early
hospital discharge for those cirrhotic patients after good
control of AVE could be possible in absence of ALBI
grade 3; this is the same concept that was reported by
Fouad TR et al. [18]. At the same time, we could en-
courage the administration of prophylactic measures for
those cirrhotic patients with ALBI grade 3 who are ad-
mitted with AVE.

QOur study has some limitations; the first limitation is
the uni-centericity of this study, and the second is that
the methods of follow-up were not the same for all pa-
tients; however, we tried to select the most appropriate
method for each patient; the third limitation is that we
did not assess the possible hazard of rebleeding; how-
ever, we found only 11 cases (4.4%) of mild rebleeding
episodes that were appropriately controlled. Lastly, we
did not correlate between ALBI score and different
stages of HE; however, we focused in our study on the
possible predictive performance of ALBI score for pos-
sible occurrence of HE.

Conclusion

We could conclude that albumin-bilirubin score has a
significant performance in risk prediction of hepatic en-
cephalopathy in cirrhotic patients with acute variceal
bleeding better than both Child-Pugh and MELD scores.
Albumin-bilirubin grades could be used as a risk stratify-
ing tool to triage cirrhotic patients who will benefit from
early discharge after bleeding control and those patients
who will benefit from prophylactic measures for hepatic
encephalopathy.

Abbreviations

ALEF Albumin-belirubin: ALT: Alanine aminotransferase; AST: Aspamate
aminotransferase; AUC Area under the curve; AVB: Acule variceal bleeding:
CHE: Chronic hepatitis B; CHC: Chromic hepattis C; O Confidence interval,
EBL: Erdascopsc band ligation; EIT: Endoscopic injection therapy,

GIT Gastrointestinal; HCOC: Hepatacellslar carcinomna; HE: Hepatic
encephalopathy, INR: International normalized ratio; IR Interquartile range;
MELD: Modified end-stage liver disease; ROC Receiver operating
characteristics: 50: Standard deviation; Sig: Significance

Acknowledgements

W would like to thank all stafl members in Gastroentenalogy Unit of Internal
Medicine department at Tanta Univarsity Hospital that assisted us in this
Shudy.

Authors’ contributions

Al suthars read and appeoved the final manuscripl, according 1o the
following respective rofes of each author: REE shared in the study
conception and design, data collection, and daa intarpratation. AAE chared
i the study conception and design, daa coflection, data analysis, and data
Interpretation and is the corespending author. AFS shared in the study
conception and design, data collection, and data interpretation. AMT shared
in the study conception and design, data collection, and data interpretation.

Declarations

Ethics approval and consent to participate

The present study was conducted in accordance with the Declaration of
Halsinki. The study protocol was approved Dy the ethics committee of Tanta
Faculty of Medicing (Mo; 19/12/335%4), All patients provided writien
indarmed consent. The results of the research wers uted anly in scientific
purpases and not in any other aims.

Competing interests
The authors declare that they have no competing interg4is

References

Amedcan Assotiation for the Study of Liver Diseases: Evropean Association
far the Stugy of the Liver (2014) Hepatic encephalopathy in chronic lnwer
gisease; 2014 practice quideling by the European Association for the Study
of 1he Liver and the Amencan Assocation for the Study of Liver Diseases. J
Hepatol 81{3p642-659

Blashel W, Al-Osalmi AM (2012 Hepaic encephabopathy, Saudi |
Gastroentergl 18(5)301-309. hiips/fdoiog/104103/1319-3767.101123
Paticiar KR, Bajaj 15 (2015) Coven and overt hepatic encephalapathy:
diagnaosis and management. Clin Gastroenterod Hepatol 13012)2048-2061.
hetpsdicouong/ 1010168 cgh 201506039

Volk ML, Tocco RS, Bazick ), Rakoski MO, Lok AS (3012) Hospital
readmissons among patients with cecempensated cirthosls, Am )
Castrigenteral 107(2):347-252. hinps./fdioi.org10,1038/jg 2011314

Sarg) SM, Campbell £, Angyropoulos 5K, Wegermann K, Chung RT, Richter
I (201 7) Hospital reagimissions in gecompensateq cavhotics. factors
painting Towand a prevention strategy. Woedd ) Gastroenterol 23(37)5858-
6376 hitps/fooiam1037480jg v 23137 6868

Dl Procolo F, Sacerdoti D, Amocdio P, Bombanato G, Bolognesi M, Mapelli D
&t al (2003} Central nervous system alterations in liver cirhosis: the rale of
ponal-systemic shunt and panal hypoperfusion, Metab Brain Dis 181551~
&2, hips/fdod org/10.1023/A 1021930702815

Pugh R, Murray=lyan I, Dawsan 1 {1973) Transection of the oesophagus for
bleeding pesophageal varices, Br J Surg 60{8)546-549. hnips./fdoiangs/10.1
002/bjs 180060081 T

Wang YY, Zhao XH, Ma L, Ye JZ, Wu FX, Tang 4 You XM, Xiang BD, Li L
(2008) Comparisan of the abdlity of Child-Pugh score, MELD score, and KXG-
RES 10 assess precperative hepatic functional resenve in patients with
hepatoceilular cartinoma. J Surg Oncol 118(3)440-445. hupsdidaion/100
0025025184

Johnson P, Barhane 5 Kagebayashi C, Satamuda 5, Teng M, Reeves HL,
Oieime ), Fox R Skowronska A, Palmer D, Yeo W, Mo F, Lai P, Ihamairaegui
M, Chan 51, Sangro B, Miksad R, Tada T, Kumaca T, Toyaaa H (2015)
Assessment of liver fundction in patienis with hepatccellular carcinoma: 3
new evidence-based approach-the ALBI grace. J Cin Oncol 33{5):550-558.
hatpsafdoiorg/ 10U 20000201 4575151

Hirzoka A, Kumada T, Michitaka K, Kudo M (2019) Newly proposed ALBL
grade and ALBI-T score as 1ools for assessment of hepatic function and
prognoss in hepatocellufar carcingma patients. Liver Cancer 8(51:312-325.
hnps /fdaong/ 101 155/000454844

Wang YY, Zhong JH, Su ZY, Heang JF, Lu S0, Xiang BD, Ma L, Qi LM, Ou BN,
Li L} (2016) Alburnin-bekirubin versus Chila-Pugh score as a predicior of
gutcome after Kver resection for hepatocedlusfar carcinoma. Br | Surg 10306k
725734, hips/fdoiong/ 1010020510095

Toyoda H, Lai P, O'Beime J, Chong CC, Bathane 5, Reeves H et al (2016)
Long-term impact of lver function on cutative therapy for hepatocellular

carcinoma apphication of the ALB! grade. Br ) Cancer 114(70744-750,
httpsAfdeiong/101038/Mbjc. 201633

Hiraaka A, Kumaga T, Nouso K, Tsuji K, hobayashi E. Hirooka M, Karyama K
Ishikawa T, Taga T, Teyoda H, Kawasaki H, Hiasa ¥, Michitaka K (2018)
Proposed new sulb-grouping for intermediate-stage hepatoceliuar
Carcmama wing albumin-belirubin grage. Onoology, 913153161 huoss/
Qoiorg/ 1001 159000447051

Vandenbroucke IP, von Elm E Altman DG, Gatzsche PC, Mulrew €D, Pocock
=), Poole . Schlesseiman 1), Egger M, STROBE Enitarwve (2014)
Swrengthening the Reporting of Observational Studies in Epidemiclogy
(STROBE} ewplanation ana elaboration. int J Surg 12(12):1500-1524. hupsy/
doiorg/ 100 &Gijsu 201407 014



18

Rananasupar A, Tiawijin N, Rachatapantanakom B (2014) Predictive factor for
hepatic encephalopathy in Cirhotic patients who presented with acute
variceal bleeding. | Med Assoc Thaill 97{5)567-573

Kumar A5, Sibia RS (2015) Predictors of in-hospital mortality among patients
presanting with vanceal gastrointestenal bleeding. Saud: J Gastroentenol
21{114346. hnps//douorg/ 104103/ 3183767151226

Wen J, Liu G Song J, Tong M, Peng L, Liang H [2013) Lactuiose B highhy
posential in prophylasis of hepatic encephalopathy in patients with Cirrhoss
and upper gastrointestinal bléeding: resuits of a controlled randomized trial
Digestion. 87(21:132-133. hitps/fdoieng/ 10,1 155/000345053

Fouad TR, Abdelamesa E Abdel-Razek W, Anw A, Mohamed A, Metwally K
Naguib M, Waked 1 (2019) Upper gastrointestinal bleeding in Egyptian
patients with cirrhosis: post-inerapeutic outcome and prognostic indicatoes.
J Gastroenterol Hepatod 324(9)1604=1610. hips.fdonorg/ 10011 1/jgh 14559
Sharma P, Agrawal A, Sharma BC, Sarin 5K (2011) Prophylaws of hepatic
encephalopathy in acute vaniceal bleed: 3 randomized controlled tnial of
lactutose versus no lactulose. ) Gastroemero] Hepatol 26(61936-1003.
hitpsdotorg/ 10011 114401745 200 (0S5 95

Higuera-de-la-Tyera F, Servin-Caamato Al, Salas-Goadillo F, Pérez-Herndndez
JL. Abdo-Francis M, Camacho-Aguiera § et al (2018) Primary prophydass 1o
prevent the develppment of hepatic encephalopathy in Cierholic patients
wilh acute variced bieeding. Can J Gastroenters! mepatod 20183015891

Hepatology and Transplant Hepatology: A Case-Based Approach



11

Validity of routine biochemical and
ultrasound scores for prediction of
hepatic fibrosis and steatosis in NAFLD

Rasha Eletreby' '@, Zeinab Abdellatif', Yasmine Gaber', Ahmed Ramadan', Naglaa Ahmad?, Hany Khattab?,

Mohamed Said' and Yasmin Saad'

Abstract

steatosis and is slightly better than biochemical HSI.

Background: We evaluated the validity of some non-invasive scores and ultrasound findings to predict fibrosis and
steatosis in a cohart of NAFLD patients who underwent liver biopsy. Ninety-seven NAFLD patients were enrolled
and classified into NASH (66) and simple steatosis groups (31) based on liver biopsy. ROC curves were constructed
for Fibrosis-4 index (FIB4), aspartate aminotransferase to platelet ratio index (APRI), and NAFLD fibrosis score (NFS) in
fibrosis prediction, also for (hepatic steatosis index; HSI, fatty liver index; FLI) and ultrasonographic subcutaneous
and visceral adipose tissue measurements (SAT and VAT) for steatosis prediction.

Results: FIB4 had AUC of 0.6, APRI and NFS at cutoffs of 0.3 and -.2.4 had AUC of 064 and 0.63 in detecting the
presence of any grade of fibrosis, and of (0.52, 0.55, and 0.58) for significant fibrosis. FIB4 at a cut-off of (0.76) had
the highest AUC in detecting any grade of fibrosis in the simple steatosis group (0.81). SAT (at cutoff of 2.1 and 2.5)
was superior to VAT, HSI (at cutoff 45,35 and 45.7) was superior to FLI in detecting moderate or marked steatosis.
Conclusion: FIB4 and NFS can be used in screening for silent liver disease with ongoing fibrosis in simple steatosis.
They are unsatisfactory predictors for significant fibrosis in NAFLD. SAT is better than VAT in predicting moderate

Keywords: NAFLD, Fibrosis progression, Steatosis, Non-invasive assessment

Background

MNAFLD represents the most common liver disorder in
Western countries, with 17-46% prevalence among
adults [1]. In Egypt, the prevalence of NAFLD is rising
owing to rising prevalence of obesity. NAFLD was found
in 57.65% of a cohort of obese Egyptian adolescents in
one study [2].

NAFLD is tightly associated with several risk factors;
the presence of which impacts the severity and progres-
sion of the disease. The most important risk factors are
known to be insulin resistance (IR) and metabolic syn-
drome (MetS) [3].
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The diagnosis of NASH provides important prognostic
information and indicates an increased risk of fibrosis
progression, cirrhosis, and possibly HCC. It also prompts
closer follow-up and possibly a greater need for more in-
tensive therapy [4]. Similarly, steatosis should be docu-
mented whenever NAFLD is suspected as the primary
disease or as a coexisting condition as it predicts future
diabetes mellitus, cardiovascular events, and arterial
hypertension [4].

Unfortunately, the standard diagnostic tool for NASH,
namely, liver biopsy, has significant limitations such as
sampling variability [5], being prohibitively expensive
and relatively invasive with some morbidity and very
rare mortality risk [6]. Also, quantification of fat content
is not of interest in clinical practice, except as a surro-
gate of treatment efficacy, and is therefore not generally
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recommended. Imaging, especially ultrasound is the pre-
ferred tool for diagnosis of NAFLD being cheaper and
more available than MRI; the gold standard. However,
imaging has the limitation of low sensitivity in the detec-
tion of mild degrees of steatosis; hence, it is not suitable
for screening purposes [4].

Recent guidelines started to support the use of non-
invasive biomarkers and scores of fibrosis and steatosis,
as well as transient elastography + controlled attenuation
parameter (CAP), as acceptable non-invasive procedures
for fibrosis/steatosis assessment in NAFLD cases [4].

Among non-invasive markers for fibrosis assessment,
the FIB4 index has been independently validated in sub-
jects with HCV infection. It is a simple and relatively in-
expensive method that correlates with the stage of
fibrosis [7). Another simple fibrosis scoring system is the
MAFLD fibrosis score (INF5) which was found to inde-
pendently identify patients with and without advanced
fibrosis at initial NAFLD diagnosis [8].

Fatty liver index (FLI) and hepatic steatosis index
(HSI), on the other side; are steatosis scores that were
found to reliably predict the presence, rather than the
severity, of steatosis [9].

In the current study, we aim to evaluate the validity of
three non-invasive fibrosis markers, namely, FIB-4,
APRI, and NFS, in detecting both significant fibrosis in
patients with NAFLD, and any stage of fibrosis in the
subgroup of patients with simple steatosis. As well as to
compare the diagnostic performance of two other non-
invasive hepatic steatosis indices (HSI and FLI) to US
findings (grading of liver brightness and subcutaneous
and visceral fat measurements) versus liver biopsy as a
gold standard, being cheap, simple, readily available indi-
ces for steatosis detection in NAFLD patients in the set-
ting of low sociceconomic status and high prevalence,
and morbidity of NAFLD.

Methods

The current study included 97 NAFLD patients who
sought medical advice at NASH multi-disciplinary clinic,
Kasr Alainy Hospital, Cairo University, Cairo, Egypt.
The clinic involves a multidisciplinary team including
hepatologists, nutritionists, pathologists, endocrinolo-
gists, endoscopists, and bariatric surgeons.

Among 250 patients presented to the NAFLD clinic,
97 patients enrolled after exclusion of those with positive
viral hepatitis markers and those who did not consent
for liver biopsy. The study was conducted in the period
from July 2014 to July 2016.

Patients who fulfilled the following inclusion criteria
were recruited.

— Apge = 18 years.
- Bright liver by ultrasound.

Hepatology and Transplant Hepatology: A Case-Based Approach

- MNegative hepatitis markers (negative HBsAg,
HBcAb, HCVAD).

— Megative history of other chronic liver diseases as
autoimmune hepatitis, primary biliary cirrhosis, etc.

Enrolled patients were subjected to the following:

- Informed consent: All patients enrolled had signed
an informed consent form. The study was carried out
per the Helsinki Declaration [10] and was approved by
the ethical committee of the endemic medicine depart-
ment, Kasr Alainy Hospital, Cairo University.

- Clinical evaluation including sex, age, body-mass index
(BMI), history of DM, HTN, or any comorbidities, detailed
dietary questionnaire, and anthropometric measurements.

- Laboratory investigations in the form of liver bio-
chemical profile (BIL, AST, ALT, ALP, GGT, INR), lipid
profile (cholesteral, triglycerides, HDL, LDL), and fasting
blood glucose.

- Caleulation of fibrosis indices:

o Calculation of APRI by the formula [(AST//upper
limit of normal x 100)/platelet count] [11]. Where,
non- significant fibrosis (< F2): < 0.7, significant
fibrosis (= F2-< F4): 0.7-<1 and cirrhosis (F4): 2 1.

» Calculation of FIB-4 by the formula (Age x AST/
platelet count x sqr ALT) [12]. Non-significant fi-
brosis (< F2) was identified as FIB4 « 1.45, signifi-
cant fibrosis (= F2-<F4): 1.45-<3.25 and cirrhosis
(F4): > 3.25.

e Calculation of NAFLD fibrosis score:

The NF5 is composed of 6 variables, including age,
hyperglycemia, BMI, platelet count, albumin, and AST/
ALT ratio.

NAFLD fibrosis score = -1.675 + 0.037 x age (year) +
0.094 = BMI (kg/m2) + 1.13 = [FG/diabetes (yes = 1, no
= 0) + 0.99 x AST/ALT ratio — 0.013 = platelet count (x
109/L) - 0.66 = albumin(g/dL) [8]. NAFLD patients with
a score less than -1.5 were classified as “low probability
of advanced liver fibrosis,” and those patients with a
score of at least -1.5 were classified as “intermediate or
high probability of advanced liver fibrosis™ [8].

- Calculation of steatosis indices:

» Hepatic steatosis index (HSI) [13]

HSI = 8 = ALT/AST + BMI + 2, if DM; +2, if female
with values < 30 ruling out and values > 36 ruling in
steatosis,

o Fatty liver index (FLI) [14]

FLI = logistic (0.953 x In (TG)+0.139 x BMI+0.718 x
In(yGT) +0.053 x waist-15.745) x 100; where logistic(x)
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= 1/(1+e ") denotes the logistic function and In the nat-
ural logarithm.

Walues < 30 rule out and values > 60 rules in steatosis.

= Abdominal ultrasonography: Real-time abdominal
U5 was done using a transabdominal 4C-AH46701AA
machine with a 1-5MHZ convex linear transducer, with
a built-in color flow mapping (CFM) and Doppler func-
tions. US evaluation included subcutaneous adipose tis-
sue (SAT) measurement and visceral adipose tissue
(VAT) measurement. The appearance of the liver con-
cerning size, echo pattern, presence of hepatic focal le-
sion/s and portal vein patency, scanning for spleen,
examination for ascites, abdominal lymphadenopathy,
and abdominal masses, together with scanning for other
abdominal and pelvic organ.

- Liver biopsy: All enrolled patients had undergone
liver biopsy to differentiate NAFL from NASH, with the
calculation of NAFLD activity score (MAS). The NAS is
the sum of the biopsy scores for steatosis (0 to 3), lobu-
lar inflammation (0 to 3), and hepatocellular ballooning
(0 to 2), in addition to the calculation of the fibrosis
stage (0 to 4). A NAS < 3 corresponds to NAFL, 3 to 4
corresponds to borderline NASH, and a score = 5 corre-
sponds to NASH [15]. Steatosis grades were also deter-
mined (mild, moderate, severe) [16].

Statistical methods

~ Numerical variables are presented as mean (standard
deviation); while categorical variables are presented
as numbers and percentages.

— Logistic regression analysis was done to identify
predictors of the presence of NASH, NAS score 2 5,
and to identify predictors of NAS score > 4. Logistic
regression analysis was done to identify factors
associated with higher grades of fibrosis.

- ROC curves were constructed to analyze the
discriminatory power of non-invasive fibrosis
markers, Fib4, APRI, and NFS, for the prediction of
the presence of fibrosis, and another time for pre-
dicting significant fibrosis, with liver biopsy being
the gold standard.

- (ROC) curve analysis was used to identify the best
cut-off value of various liver fat indices for detecting
moderate/marked steatosis

~ Data analysis was done using Statistics/Data Analysis
(STATA) version 13.1 software.

Results

Baseline characters of the study population

Mean age was 42 years, 74.2% were females, mean BMI
was 34.3, 20.6% were diabetic, 59% had macro- and
microvesicular steatosis in liver biopsy. 17/80 (21.3%)
patients had severe steatosis. In total, 20.6% (20/97) had

significant fibrosis (z F2). Two patients (2.1%) had severe
inflammation. Two subgroups have been then identified:
the NASH group (66 patients) and the simple steatosis
group (31 patients). DM, female waist circumference,
fasting blood sugar, and fibrosis stage were statistically
different between both groups (Table 1). Patients with
marked steatosis had statistically significant higher ALT
(¢ 0.04), as well as a higher number of patients with
grade III liver brightness by ultrasound (p <0.0001).

Risk factors for significant and higher grades of fibrosis
Albumin, bilirubin, and NFS were significantly associ-
ated with significant fibrosis on performing univariate
logistic regression (Table 2).

Risk factors for the presence of fibrosis in simple steatosis
subgroup
Higher age, lower serum albumin, NFS, and FIB4 were
significantly associated with the presence of fibrosis des-
pite the absence of inflammation in studied biopsies
(Table 3).

Sensitivity and specificity of different indices for fibrosis
prediction

At a cutoff of 0.76, FIB4 was 83.3% sensitive, 69.2% spe-
cific, with an accuracy of 77.4%, positive likelihood ratio
(LR+) of 2.7, and negative likelihood ratio (LR-) of 0.2
for detection of fibrosis in patients with simple steatosis.
APRI had sensitivity, specificity, and accuracy rates of
66.1%, 61.3%, and 65.6% at the cutoff of 0.30 in the de-
tection of any grade of fibrosis. A cutoff value of -2.44
NFS had sensitivity, specificity, LR+, and LR~ of 73.44%,
51.6%, +1.52, and -0.51 in detecting the presence of any
grade of fibrosis (Fig. 1).

AUC of different markers in fibrosis prediction

FIB4, APRI, and NFS had acceptable and comparable
AUC of 0.60, 0.64, 0.63 in detecting the presence of any
grade of fibrosis, however, all markers were poor predic-
tors of significant fibrosis = F2 (AUC: 0.52, 0.55, 0.58)
(Fig. 1, Table 4).

In the subgroup of patients with simple steatosis (NAS
score of < 4); FIB4 had the highest AUC curve compared
to NFS and APRI in the detection of any grade of fibro-
sis (0.81 versus 0.74 and 0.78) (Fig. 1, Table 4).

AUC for H5l and FLI in the prediction of different grades
of steatosis

HSI was superior to FLI in detecting either moderate or
marked steatosis. At the cutoff of 45.35, HSI had the
sensitivity of 73.17%, specificity of 58.06%, LR+ of 1.74,
LR~ of 0.5, and accuracy of 66.67% in predicting moder-
ate steatosis with AUC of 0.64, and nearly the same per-
centages with less accuracy in detecting marked steatosis
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Table 1 Baseling characteristics of the study population

The whole group MNAS < 4 |n = 31) MAS = 4 P value
in = 686)

Age 4202 (899 42 (1044) 42,03 (8300 09
Gender 25 (25896072 {74.296) 10 (32 296)/21(67.79) 15 (22.729%)/51 (77.27%) 0.3
Male/female
Residence 18 (27.3%)/48 (72.7%) 4 [12.9%1016 (51.61%) 14 (2121932 (48.48%) 0.4
Ruralfurban
Diabetes mellitus 20 (2055 2 (5:45%) 18 (27.27%) om
Hyperension 13 (13.40%%) 2 (6455 11 (16679 0.1
BMI median (IQR) 329 (29.15-38.14) 32 {28-35.95) 33.05 (30-38.86) 02
Waist circumference hales 55 (16.54%) 44 [40-50) 52 (49-62) 007

Medilan (I0R)

Fermales B1 (384190 485 (45-56) 68 (55-127) om

Median (CR)
Laboratony parameters
Hemoglobin 1281 (1.70) 1261 (208 1305 (149 02
Platelets 27212 (59.59) 27257 (62003) INT2(735D 09
AST median (IQR) 30 (22-41.5) 27 (23-34) 30 (23-44) 006
ALT median (ICR) 325 (21-57) 26 (18-38) a0 (23-60) elal
Bilirubin median (1OR) 056 (04-09) 05 (04-084) 06 (04-09) 0B
Alburnin 427 (043) 421 (0.48) .30 (041) D4
INR 1.001 (009 101 10.05) 059 (0.10) 07
Cholesterc! median (IGR) 202 (177-229) 202 (165-225) 202 (180-234) 04
Triglycendes median (IQR) 140 (100-180) 147 [96-200) 12355 (100-179.5) 09
FBG median (IQR) 995 (90-1100 92 (85-101) 100 (90-116) 004
Liver biopsy
Type of steatosis Macro and microvesicular 29 (59.2%) 0 9 03

Macrovesicular 12 (24.5%) 4 B8

Microwvesicular B (16.3%) 5 3
Fibrosis stage FO 31 (31.96%) 13 18 004

F1 45 (47 42%) 17 29

F2 17 (17.5%5) 1 ]

F3 2 {218 2

Fd 1(1.03%5) 1

Unless otherwise stated, numerical vanables presented as mean (50)

at a cutoff value of 45.7 (sensitivity was 73.33%, specifi-
city was 50.88%, LR+ was 1.49, LR~ was 0.52, while ac-
curacy was 55.6%) with AUC of 0.66. On the other hand,
ELI had AUCs of 0.52 and 0.56 for predicting the pres-
ence of moderate and marked steatosis (Fig. 2).

AUC for ultrasound parameters (SAT and VAT) in the
prediction of different grades of steatosis

SAT shows a higher AUC for predicting moderate stea-
tosis (AUC 0.66 vs 0.56) and nearly equal AUC as VAT
for detecting marked steatosis (AUC 0.57 vs 0.60). A
cutoff value of 2.1, SAT had a sensitivity of 81.25%,

specificity of 60%, LR+ of 2.03, LR~ of 0.3, and accuracy
of 73.08% in detecting moderate steatosis. For predicting
marked steatosis, SAT had a sensitivity of 62.5%, specifi-
city of 66.7%, LR+ of 1.9, LR- of 0.6, and accuracy of
65.4% at cutoff value of 2.5. On the other hand, at a cut-
off value of 1.8, VAT showed a sensitivity of 66.67%,
specificity of 52.63%, LR+ of 1.41, LR- of 0.63, and ac-
curacy of 58.06% in predicting marked steatosis (Fig. 3).

Discussion
In this cross-sectional observational study, we aimed to
evaluate the role of some non-invasive, simple, readily

e T
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Table 2 Univariate logistic regression analysis for factors
associated with significant fibrosis 2 F2 in NAFLD patients

——s

Odds ratio (95% conf, Intewm]“ P value
Age 101 (096-108) 07
Gender (female) 162 (062-418) 03
(]| 324 (091207 o
BMI > 35 118 ([D4%-287) o7
AST 102 (0.99-1.05) 0l
ALT 1.004 (0:59-1.02) 05
ALP 101 (0.99-1.02) 03
GGT 0.99 (0.58-1.004) 0.2
Triglycerides 0.99 (0.99-1.001) 0.1
Chaolesterol 099 [0.68-1.01) 04
Albumin Q31 011-089 0.03
Blrusbin 719 (1.59-32.50) 0.01
APRI 3.18 {052-19.51) 02
FIB4 217 {0B0-5.57) 0.
0.02

MFS 1471 {1.1-1.89)

available, and cheap indices, namely, FIB-4, APRI, and
NFS in the detection of significant fibrosis (= F2) in pa-
tients with NAFLD, as well as their role in detecting any
stage of fibrosis in a subgroup of patients with simple
steatosis. Similarly, we could evaluate the predictability
of other non-invasive steatosis indices (HSI and FLI) and
compare them to US findings (grading of liver brightness
and subcutaneous and visceral fat measurements) taking
liver biopsy results as a standard in diagnosis and grad-
ing of hepatic steatosis/fibrosis.

Significant fibrosis (= F2) was observed in 20.6%, while
advanced fibrosis (F3-4) was seen in 3.1% of patients.

Table 3 Predictors of higher grades of fibrosis in simple
steatoss group (MAS score £ 4) (n = 31)

Odds ratio (95% conf. interval) P value
Age 1.0 {1.04-1,18) 004
Gender (female) 3 (063-14.23) ol
BMI > 35 112 (0.24-5.21) 0g
AST 1.06 (0.98-1.14) 01
ALT 1.01 {097-1.05) 0&
ALP 099 (098-1.02) 09
GGT 059 {0928-1.01) oz
Trighycerides 0.%9 (0.98-1,003) 0.2
Cholestersl 0,99 (0.98-1.01) 06
Albumin 01 [0.01-0467) o002
FiB< 1073 {1.41-81.54) 002
NFS 154 (1.11-3.40) 002

According to the National Health and Nutrition Exam-
ination Survey conducted in 1988-1994, advanced fibro-
sis (NFS » 0.676) was only observed in 3.2% of patients
with NAFLD [17].

In this study, the prevalence of T2DM was signifi-
cantly higher in the NASH group compared to the sim-
ple steatosis one. It is well known that diabetes risk and
type 2 DM (T2DM) are closely associated with the se-
verity of NAFLD, progression to NASH, advanced fibro-
sis, and HCC development [18].

Regression analysis for predictors of significant fibrosis
revealed that lower serum albumin, higher bilirubin, and
NFES were significantly associated with higher grades of
fibrosis (= F1). Several studies revealed that NFS is an
important predictor of advanced fibrosis in NAFLD pa-
tients [19].

Although patients with simple steatosis without in-
flammation were considered for a long time to have a
benign course with little progression [1], this view has
been modified by results of different studies demonstrat-
ing that steatosis alone may progress to NASH with fi-
brosis, however, at a slower rate [20].

In the subgroup of patients with simple steatosis, pre-
dictors of fibrosis were older age, lower serum albumin,
FIB4, and NFS. The importance of identifying patients
who had fibrosis is that this could carry the risk of pro-
gressing to NASH. In one study by Pais et al.,, 64% of 25
patients with simple steatosis developed NASH after an
average of 3.7 years. They showed that severe ballooning,
presence of bridging fibrosis, older age, and deterioration
of metabolic risk factors were associated with a more
rapid progression [21].

In the current study, FIB4, APRI, and NFS had com-
parable AUC for detecting the presence of any grade of
fibrosis. Detecting the early stages of fibrosis is of great
importance in preventing disease progression to
minimize complications [22]. On the other hand, all
markers were poor predictors of significant fibrosis = F2.
Contrarily, Castera in 2018 reported AUC for transient
elastography, FIB-4, and the NAFLD fibrosis scores in
diagnosing severe fibrosis-cirrhosis of 0.88, 0.84, and
0.84 respectively [23]. Mohamed et al. studied the diag-
nostic performance of FIB4, NFS, and APRI in NAFLD.
They found AUC for advanced fibrosis of 0.936, 0.916,
and 0.907 [24]. Also, in a meta-analysis of 13 studies
consisting of 3064 patients, NFS had an AUROC of 0.85
for predicting advanced fibrosis [25]. This difference
may be related to the small number of patients with ad-
vanced fibrosis (= F3) in our study (3%).0On the other
hand, Nones et al. evaluated results of FIB4, APRI, and
NFS in 67 patients with NAFLD, the best diagnostic ac-
curacy was achieved with FIB 4 model (AUROC = 0.83)
versus APRI and NFS. Again, the difference may be at-
tributed to the higher number of patients with advanced
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study may be due to the technical limitation of higher
waist circumference and obesity of this cohort.

In the current study, subcutaneous adipose tissue
(SAT) showed the best results among all tested non-
invasive measures, namely, serum biomarkers (HSI and
FLI) as well as visceral adipose tissue (VAT) by ultra-
sound in detecting moderate steatosis.

The main point of strength of the current study is the
presence of liver biopsy results as a gold standard for
comparison with non-invasive markers. Note that many
other published studies lack the results of liver biopsy
and compare the accuracy of non-invasive biochemical
markers with imaging or controlled attenuation param-
eter (CAP) measures which are still not considered the
gold standard for fibrosis/steatosis diagnosis. The main
limitation of our study is that the main cohort of pa-
tients has no or mild degree fibrosis (FO-F1) by liver bi-
opsy (79%), while significant and advanced fibrosis was
present in 21% which may have affected the results.

Conclusion

Based on the results of the current study, we can
conclude that FIB4 could be used as a screening tool
for silent liver disease with ongoing fibrosis in NAFL
D patients with simple steatosis, which warrants
closer follow-up and more intensive therapies. How-
ever, FIB4, APRI, and NFS are still unsatisfactory
non-invasive markers for the detection of significant
fibrosis in NASH patients and further studies are
needed to reach optimal markers. We can also con-
clude that ultrasound assessment of subcutaneous adi-
pose tissue (SAT) rather than visceral adipose tissue
(VAT) performs well in the prediction of moderate
steatosis and slightly better than hepatic steatosis
index (HSI) which proves also to be a good noninva-
sive biochemical tool in the prediction of moderate
steatosis and performs better than the fatty liver
index.



Validity of routine biochemical and ultrasound scores for prediction of hepatic fibrosis and steatosis...

Abbreviations

APRE AST 1o plateter ratio mndex; FIB 4: Fibrosis seare 4; MAFLD: Non-alcoholsg
fatty liver chisease, MAS NAFLD activity score; MASH: Non-alcoholic
steatohepanitls, MFS: MAFLD fibeosis score

Acknowledgements
Mo agency 10 be acknowledged

Authaors’ contributions

The authors read and appeoved the final manuscript; all authors contributed
1o the work. MS: Idea of the study Revision of the manuscript. ¥S: Idea of
the study, rewsion of the manuscrpt. and mastering the chnical work and
connecticns with other specialists. RE- Ovaftng the manuscript and the
corresponding author £A: Doing the statistical tests for the study. AR: Patient
fallove-up in the clinic and collecting data, ¥YG. Patient foliow-up in the chnic
and collecting data. MAC Clinical follow-up of patients from the endocring-
Iogical pownt of wiew. HK: Doing the histopathological examination for lver
beopsies Taken from patients o the staging of steatosis and fibrosis.

Declarations

Ethics approval and consent to participate

All pavents signed informed consent. The study was carried ou following
the Helsing Declaration [10] and was approved by the local ethical
committes of the Endemic Medicine Department, Kawr Alainy Hospital, Cairg
University; hence, it did not have an ethics committes’s reference numbsr,

Competing interests
No compating mlarnssis

Author details

"Endemic Medicine and Hepatalogy Department, Calro University, Cairo,
Egypt. “Intemal Medicine Depanment, Endocring Section, Faculty of
Medicine, Cairg University, Cairo, Egypt 'Pathology Depaniment, Faculty of
tedicine, Cairo University, Cairo, Egypt

References

. Wernon G, Baranova A, Younassi ZM (201 1) Systematc review. the
epiderniology and natural history of non-alcohabe fatty fver disease and
nan-alcoholic steatghepatitis in adults. Alimant Pharmacod Ther 34[3):274-
285, hapsyidoi org10.0 11 1/41365- 20362011047 24x

2 Zak ME Ezal W, Elhosary YA, Saleh OM (2013) Factors asscciated with
nanalcahobic fanly hver disease in obese adoletcents Macedonian. J Med 50
G273-217

3 Gaggeni M, Morelli M, Buzzigol E, DeFronzo RA, Bugianes! £ Gastaldetli A
{2013} Mon-alcoholic fatny lver disease (MAFLD) and is cannection with
insul resistance, dysliprdemia, atherosclerosis, and coronary heart dissase
MNutrents 5[311544-1560, hrpsAfdoiong 10 3390/nu5051544

i (20060 EASL-EASD-EASD Chnical Practice Cundelines for the management
of nen-alcoholic fatty kver diease. § Hepato! G406k 13831402 hitpsido
o 10,1016/ jhep 2015,11.004

& Barziu V, Charlone F, Heudtier A, Gomipen 5, Giral P, Brucken E, Grimatdi A,
Capgon F, Poynard T, LIDO Study Group (2005) Sampling vasiabiity of liver
biopsy in nonabooholic Tarty lver disease. Gastroenteralogy 128(7)1898-
1905, huipss/idoi org/ 101053/ gastro 2005.03.084

6 Chalasani M, Younossi 2, Lavine JE Charlton M, Cusi K, Rinella M eq al (2018)

Thve diagnosis and management of nonalcohalic fay liver disease practice

guidance fram the Amencan Association for the Study of Liver Diseases.
Hepatoiogy &7(1)

7. Shah AG, Lydecker A Muray K, Teui BN, Contos MU Sanyal AJ, NASH
Climical Research Nenwork (2009) Use of the FIES index for non-invasiee

20,

21,

22

23

24

105

evaluation of fibrosis in non-alcohalic Tatty lver disease. Chin Gastrgentengl
Hapatol 70100 1104-1112. htpsfdoiong 10.1016.cgh. 2009.05.033

Angulo P, Hui M, Marchesini G, Bugianesi E Gearge ), Farell GC, Enders F,
Saksena 5 Burt AD. Bida JP. Lindor K Sandersan 5O, Lenzi M, Adams LA,
rench J, Themeau Ts, Day CF (2007) The NAFLD fibosis score: a
nenineasive system that identifies bver fibeosis i patients with NAFLD.
Hepatology 45(a):8456-854. httpsyiidaiorg/10.10025hep 21436

Fedchuk L Nascimbsni F, Pais R Chariolte F, Hausset €, Ratziu V. the LIDO
Study Group (2014) Performance and limitations of steatosis biomarkars m
patients with nonalcohcisc fatty Iver disease. Alimeni Pharmacol Ther
41011 209-1222. hiipsyfdaiong/10.01 11/apE) 2563

World Magical Assaciation (2013} Declaration of Helunk: ethical principles
for medical research imaobang human sabjects. JAMA 310L2191-2194
Shaheen AA, Myers RP {2007} Diagnastic accurscy of the aspanate
aminotrandferase-o-plateler ratio index for the predaction of hepatitis C-
refated fibeosis: a systematic review, Hepatology 48{3191 2-921. hupsidol,
org/10.1002hep.2 1835

Sterling RE, Lissen E, Clumack M, Sola R, Correa MC, Montaner J (2006) et. al;
Development of @ simple noninvasive index to predict sigrdfscant fbiosis
patients vath HIVHOW co-infection. Hepatology 43(61:1317-1325. hitps/fdoi.
arg/ 13 1002 hep 21178

Lee JH, Kim D, Kim H), Lea CH, Yang 1, Kim W, m ¥J, Yoon JH, Cho SH,
Sung MW, Lee HS (0100 Hepatic steatosis index a simple screening ool
reflecting nanaleaholic fany Iover disease. Dig Liver Dis 42(71503-508.
nitps/fdoion 101016/ did 2009.08.002

Bedogni G, Bellentani 5, Mighiol L, Masutni F, Passalacqua M, Castiglione A,
Tirisalti C (2006) The fatty lver index: a simgple and accurae predictor of
hepatic steatosis in the general population BMC Gastreentenol 6(1:33.
hitpssfdoiongs10.1 186147 1-230%-6-33

Eleiner D, Brunt EM, Van Natta M, Behling C, Contos MY Cummings O
o1 al {2005) Design and validation of a histological scoring system for
nonalcohotis fatty liver deseate. Hepatology. 410611313-1321. hitps.//daoi.
org/10.1002hep 207

Brant EM, Janney CG, Di Biscoglie AM, Neuscheander-Tetn BA, Bacon BR
{1693 Nonaicoholic steaighepatitis: a proposal for grading and $1aging the
histologucal lesians. Am ) Gastroenterod S4{3):2467-2474, hitps.fdoi org/
001114157 20241195901 377 x

Em D, Kim WR, Kim H)L Thermeaa Th (2013) Association between
nanimasive fibrosis markers and mortality among adulis with nanalcoholic
fatty liver disease in the United States. Hepatology. SM(a)1357-1365, htpsd/
doioeg/ 101000 hep 26156

Loomba R, Atrzham M, Unal A, Wiison L, Lavine J, Doo E et al (2012)
Association between diaberes, family history of diabetes, and risk of
nonalcohelic steatohepatitis and fibrosis. Hepatology 58(3):943-951. httpss/
doiog/ 100002 hep 25772

Pétez-Gutieres OZ Herndndez-Rocha ©, Candia-Balboa RA, | Arrese MA,
Benitez , Brizeela-Alcantara DC, Méndez-Sancher N, Uribe M, Chivez-Tapia
MC valdation study of systems for noninvasive diagnosis of fibrosis in
nanalcaholic fatry bver disease in Latin populatson. Ann Hepatol 2013; 12
416=-424, 3, DOk hrpsodolorg 1010165 1665-2681 (19)31004-X,

Hanison 54, Torgerson 5, Hayashi PH (2003) The natural history of
nonalcahalic fatty lver disease: a clinical histopathosagical study. Arm )
Gastroenteral 98(%):2042-2047, nitpsfdoLorg 100N 114.1572-0241.2003,
07659

Pais R, Chadatee F, Fedchuk L, Badossa P, Lebray P, Poynara T, Rawniu W,
LIDO Study Growp (2013) A systematic review of follow-up Diopsies reveals
digease progaession in patents with non-alcehobic fatty liver. | Hepatal
5(31550-556. https.Afidolorg 01016/ jhep 201 3.04.027

Cleveland E Bandy A, Vian-Wagner LB (2018) Duagnostic challenges of
nonaloohote fatty liver duease/nonalcoholic steatohepatits, Clin Liver Dis
11{4)

Castera (3018) Diagnasis of non-alcohahc fatty hver diseasa/nen-a‘coholic
stearohepatitls non-invasive 18IS ane enough, Liver int 3867-70
Mahamed R, Nabiha M1, EIShobDakya M8, Khattab HM (2014) The value of
noninvagive scoting systems far the diagnosis of advanced fbiosis in
Egyptian patients with nonaicoholic fatty liver disease. Egypt So< intem
Med 26(4):162- 169, hitps.fdol.org104103/1110- 7782143151

Musso G, Gambsno R, Cassader M, Pagana G (2011) Meta-analysis: Natural
histary of non-alconalic faty lver disease (NAFLDY and diagnostic accuracy



106

.

28

of non-invative tests for liver disease severity. Ann Med 43(8)5617-649,
hipsfdolong/ 103 105/07 853850 2010518523

Mones RB, vantes CP, Pedroso MLA (2017) Can FIB4 and NAFLD fibrosis
scores help endocringlogists refer patients with non-alooholic famy le
disease 1o a hepatologist? Arch Encocrinol Metab 61{31276-281. hips/fooi
org/10.1590/2359-3997000000233

Choero AF, D'Addato 5, Reggi A, Regglani GM, Booghi C (3013} Hepatic
sheatosis index and lipid accumulation product a5 micdle-term predicions of
incident metabolic syndrome in 3 large population sample: data from the
Brisighella Hean Study. Intern Emerg Med B{3k265-267. hpsu//dolong/ 101
007/511738-012-0875-9

Kim JH, Kwon 5Y, Lee 5W, Lee CH (2011) Vialidation of fatry fver index and
lipid accumulation product for predicting fatty lpeer in Korean popalation,
Liver Int 31(10):1600-1601, hittpsy/fdoiorg 10.0111/.1478-3231.201 1 02560

Hepatology and Transplant Hepatology: A Case-Based Approach



12

Intrathoracic rupture of hydatid cyst of
the liver in children: a report of two cases

Rachida Laamiri''@, Sahla Sellami', Nahla Kechiche', Mabrouk Abdelaali’, Mongi Mekki' and Mohsen Belghith'

Abstract

Background: Intrathoracic rupture of hepatic hydatid cyst is a rare but dangerous complication. Its occurrence in
children is exceptional as diagnosis and management constitute real challenges. We report two cases of
intrathoracic rupture of hepatic hydatid cyst in children.

Case presentation: Our patients were respectively 12-year-old boy and 9-year-old girl, known cases of respiratory
symptoms, diagnosed initially for pleuropneumonia. The CT scan established the diagnosis of intrathoracic rupture
of hepatic hydatid cyst in the pleural cavity for the first patient and in the bronchial tree for the second. An
emergency surgery was performed for both. The second patient developed broncho-biliary fistulas during the post-
operative course which necessitated a re-intervention. A recurrence was noted at follow-up for the second patient.

Conclusion: Intrathoracic rupture of hepatic hydatid cyst is a serious complication which can occur even in
children. Its diagnosis needs a high index of suspicion. The surgical approach remains controversial and there is a

lack of consensus about the best way of management. Recurrence may occur despite appropriate treatment.
Keywaords: Intrathoracic rupture, Hepatic hydatid cyst, Children, Diagnosis, Management

Background
The hydatid disease is an endemic parasitic pathology in
the Mediterranean countries including Tunisia that can
be observed at any age [1]. The most commonly affected
organ in children is the lung at first followed by liver
[1, 2]. Some complicated forms can cause morbidity
and mortality. Intrathoracic rupture is a rare but dangerous
complication that may occur even in children with
challenges in terms of diagnosis and treatment [3].
We are presenting two cases of intrathoracic rupture
in children and discussing the diagnosis and management
of this complication.

Case presentation

Case 1

A 12-year-old boy presented to the Paediatrics Emergency
Care for dyspnea, right side chest pain, and fever of
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around 7 days of evolution. The physical examination
revealed fever, bronchial rales, and no breath sounds on
the right lung base. The chest X-ray showed moderate
right-sided pleural effusion. The diagnosis of a right
pleuropneumonia was initially retained and treated with
antibiotics: vancomycin and cefotaxime initially for 4 days
with no improvement. A thoracoabdominal CT scan was
then performed showing a collapsed hydatid cyst of the
hepatic dome, a detached laminated membrane in the
pleural cavity (Fig. 1) with a collapse of the inferior side of
the right lung, and a 3-cm breach in the right diaphragm.
An emergency laparotomy via right subcostal approach
was performed revealing (Fig. 2) a hydatid cyst with a tear
of the superior surface on the hepatic dome without bil-
iary fistula, a 3-cm large diaphragmatic breach through
which seropurulent fluid, daughter vesicles, and germina-
tive membrane disseminated to pleural cavity. Phreno-
pulmonary and hepato-diaphragmatic disconnection were
performed. The pleural cavity was irrigated with hyper-
tonic saline through the breach with the evacuation of the
membrane. Diaphragmatic closure was achieved and a
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Fig. 1 CT scan showing a detached laminated membrane in the pleural cavity |

chest tube was inserted. Albendazole therapy was admin-
istered for & months after an uneventful post-operative
course. No recurrence or other hydatid localizations were
detected after 2 years of follow-up.

Case 2

A 9-year-old girl presented to Pediatric Emergency Care
for cough, hemoptysis, and chest pain of around 10 days
of evolution. On examination, her temperature was 38.6
*C, auscultation found bronchial rales and decreased
breath sound on the right lung base, and abdominal

=" Geiminative membrane

examination revealed right abdominal tenderness. Chest
X-ray showed right-sided pleural effusion suggesting
pleuropneumonia treated with antibiotics: penicillin and
gentamicin initially with no improvement of clinical and
paraclinical features after 5 days. Therefore, a thoracoab-
dominal CT scan was performed revealing a hydatid cyst
of the hepatic dome complicated by intrathoracic
rupture into the bronchial tree (Fig. 3). The patient
underwent an emergency surgery via right subcostal ap-
proach. After performing diaphragmatic disconnection,
exploration revealed a collapsed liver hydatid cyst and a

—

Diaphregmatic breach

Fig. 2 Surgical specimen revealing an hydand cyst on the hepatic dome and a 3-cm large giaphragmatic breach through which germinative

mernbrane Gissemineted 16 pleural cavity

- _J
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Fig. 3 CT scan revealing a hydand cyst of the hepate dome complicated by intrathoracic rupture into the bronchial tree

e s P T

diaphragmatic breach of 5 cm through which the
germinative membrane disseminated to the lung, an
excision of the membrane was performed through the
breach. The treatment of pulmonary lesions was impos-
sible via abdominal approach; therefore, posterolateral
thoracotomy in the sixth intercostal space was per-
formed allowing closure of bronchial fistulas and the
diaphragmatic breach; a chest tube and abdominal drain
were inserted. Postoperative day (POD) 3, our patient
presented biliptysis. A thoraco-abdominal CT scan was
realized the next day and revealed a diaphragmatic
breach with bronchobilary fistula; the patient was then
re-operated via subcostal approach. A minimally biliary
fistula was found, diaphragmatic closure was achieved
before insertion of the drainage tube into the cystic duct.
No complication appeared in evolution, and our patient
was discharged 19 days after second surgery. Albenda-
zole therapy was administered for 6 months. After 2
years of follow-up, she presented pleural hydatid cyst re-
currence of 2.4 em treated successfully with albendazole.

Discussion

Intrathoracic rupture of hepatic hydatid cyst is a rare
clinical pathology with a reported frequency of 0.6 to
1.6% in adult population [4]. The rupture into the
pleural cavity is less common than in the bronchial tree
[5]. Several factors explain this complication: the
negative intrathoracic pressure which tends to aspirate
the hepatic hydatid cyst, the mechanical compression
exerted by the cyst on the diaphragm leading to muscles
erosion, the infection of the cyst leading to muscle
necrosis, and in the case of biliary fistulas, the caustic
feature of the bile caused a chemical erosion of the dia-
phragm, lung, and pleura [6]. This complication results
from the long evolution of a hydatid cyst of the hepatic
dome and generally reported in young adults [3, 7].
Caustic action on the lung or bronchial tree caused by
the bile will damage the pulmonary parenchyma with
lesions ranging from simple hydatid pneumonia to the

constitution of a cave. Once the cyst gets through the
diaphragm, different lesional aspects may result, classi-
fied according to Mestiri et al. into 4 types and 9
subtypes [8]. Referring to this classification, our patients
are classified respectively as type IVb and [b.

[ntrathoracic rupture is usually revealed through re-
spiratory and thoracic symptoms. Hydatic vomica and
pathognomonic hydatidoptysis of hydatid disease are less
commonly reported [3].

Chest X-ray is not very helpful. It shows a right lower
lobe opacity or pleural effusion. An ultrasound exam is
essential for some authors as it shows the hepatic hydatid
cyst and its close connection with thoracic lesions, visual-
izes the diaphragmatic discontinuity, highlights thoracic
lesions, and explores the biliary tract [3]. However, CT
scan is more effective than ultrasound in assessing pul-
monary pleural and parenchymal lesions [3]. In our pa-
tients, the chest X-ray showed right sided pleural effusion.
The lack of clinical improvement leads us to suspect lung
hydatid cyst rupture in the pleural cavity as our patients
come from an endemic echinococcosis area. We com-
pleted this by CT scan to establish our diagnosis.

The surgical approach to treat hepatic hydatid cyst
with thoracic involvement is controversial [3, 4, 9]. Sur-
gery can be performed by thoracotomy only, thoraco-
phrenolaparotomy, laparotomy only, or associated with
thoracotomy [7]. The abdominal approach enables to
treat the liver cyst, to evacuate the pleural cavity through
the diaphragmatic breccia and to restore the diaphragm
[9]. The treatment of pleuropulmonary lesions have been
reported to represent the limitation of this approach in
adult because the important lesions of the pulmonary
parenchyma required a regulated resection such as lobec-
tomy or segmentectomy (3, 7]. The thoracic approach of-
fering adequate access to treat both thoracic and abdominal
lesions is defended by some authors [4, 5, 10, 11].

In pediatrics population, surgery must be conservative
and most of pulmonary lesions caused by hepatic hyda-
tid rupture are minimal and located on the lower or
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middle pulmonary lobe [5, 7). That is why we prefer
abdominal approach only to treat hepatic hydatid cyst
with thoracic involvement. For our first patient, given
the absence of significant pleuro-pulmonary lesions, the
abdominal approach proved to be effective and safe. For
the second patient bronchial fistulas treatment was im-
possible by the laparotomy which required additional
thoracic approach.

Medical adjuvant treatment is indicated when hydatid
disease dissemination and total cysts resection is not
possible. Albendazole (10 mg/kg/day given b.i.d) for 6
months is the current recommended therapy when indi-
cated. Prophylactic measures should always be taken in
endemic areas [11].

Despite diagnosis and therapeutic progress, this
complication has high mortality and recurrence rate
(7.5%; 16%) [3-5]).

Conclusion

Intrathoracic rupture of hepatic hydatid cyst is a rare
but a serious complication which can occur even in chil-
dren. The treatment is essentially surgical; the approach
is controversial and depends on the anatomic type of
lesion. The prevention from this complication involves
early diagnosis and primary prevention of hydatid disease.
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Clinical utility of ABCB1 single nucleotide
polymorphism on tacrolimus dose
requirements in Egyptian liver transplant
patients

Azza Abd El-rahman Saab', Eman Saleh El-hadidi', Maha Mohsen Hussein?,
Maram Saeed Abd El-baki Shararah' and Heba Hassan Aly''®

Abstract

Background: Liver transplantation (LT) is the only effective radical cure for all types of end-stage liver diseases.
Major advances have been made in the field of liver transplantation due to improvements in surgical techniques
and organ conservation as well as optimization of intensive care and immunosuppressive management. We aimed
to assess the influence of ABCB1 gene polymorphism of liver transplant recipients on blood level and dose
requirements of oral tacrolimus, in an attempt to help in designing an individualized tacrolimus regimen for
Egyptian liver transplant recipient. The study included 25 liver transplant recipients and their respective 25 donors.
All subjects of this study were subjected to full medical history, clinical evaluation, laboratory investigations, and
ABCB1 gene polymorphism evaluation by RT-PCR. Tacrolimus concentration was evaluated for all the recipients
during the first 3 months post transplantation.

Results; The present study revealed that the presence of CC genotype was significantly correlated to the effect on
tacrolimus C/D ratio and weight-adjusted tacrolimus dose during the first week of the first and 2nd months (Z =
—-2,108, P <0.05) but not the 3rd month post transplantation (p-value >005). Subjects carrying CC genotype
required higher doses of tacrolimus to achieve the desired trough levels compared to subjects carrying CT and TT
genotypes. The same effect was observed over the whole period of the study but the results were statistically non-
significant (p-value=>005). Recipients who received liver tissue from donors carrying CC genotype also required
higher doses of tacrolimus and reached lower levels of blood tacrolimus trough levels.

Conclusion: The present study revealed that ABCB1 CC genotype of both recipients and donaors of liver
transplantation was significantly associated with increased required tacrolimus dose early after liver transplantation
reaching statistically significant level in the first week of the first and second maonths.

Keywords: ABCB1 single nuclectide, Polymorphism tacrolimus dose, Liver transplant
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Background

Liver transplantation (LT) is the only effective radical
cure for all types of end stage liver diseases providing
new hope for these patients. Immunosuppressant is the
main preventive and treatment measure for organ trans-
plant rejections. The appropriate use of immunosuppres-
sant is directly related to the survival of the liver
transplant recipients [1].

Tacrolimus is an immunosuppressant widely used in
liver transplant patients. Tacrolimus is a calcineurin in-
hibitor, which is an enzyme that activates T-cells of the
immune system. Due to its narrow therapeutic index and
high inter- and intra-individual pharmacokinetic variabil-
ity, the administration regimens of this drug need to be
closely monitored [2]. The optimal trough levels were ex-
pected to be between 5 and 10 ng/ml for a better survival
rate after liver transplantation [3].

Tacrolimus is a metabolic substrate for (CYP450) 3A
enzymes in particular CYP3AS5. The efflux of tacrolimus is
through P-glycoprotein (P-gp) transporter, which together
with CYP3A determines tacrolimus oral clearance [4].

Physiologically, P-gp is present on the surface of biliary
canalicular hepatocytes, luminal surface of columnar epi-
thelial cells of the lower gastrointestinal tract (GIT),
liver, pancreas, small and large intestines, jejunum, and
colon. P-gp alters the pharmacokinetics of some drugs
including tacralimus by reducing their intestinal absorp-
tion while enhancing their biliary excretion through the
liver and tubular excretion in the kidney [5].

P-gp is encoded by the ABCBI1 gene. Numerous single
nucleotide polymorphisms occur in coding and non-
coding regions which might influence mRNA expression
and protein translation and folding, and finally affect
drug pharmacokinetic characteristics [6].

Many studies revealed that substitution of cytosine (C)
by thymine (T) in the ABCE1 gene in exon 27 was con-
nected with the change of expression and activity of P-
gp (7).

Aim of the work

The aim of the present work was to assess the influence
of ABCBI1 gene polymorphism of liver transplant recipi-
ents and their respective donors on blood level and dose
requirements of oral tacrolimus, in an attempt to help in
designing an individualized tacrolimus regimen for
Egyptian liver transplant recipient.

Methods

This study is a cross-sectional study which was con-
ducted from February 2020 to October 2020 on twenty-
five (25) liver transplant recipients and their respective
donors. They were recruited from Ain Shams Center of
Organ Transplantation (ASCOT). An informed verbal
consent was taken from all participants. The study

Hepatology and Transplant Hepatology: A Case-Based Approach

protocol was approved by the Research Ethics Commit-
tee at Ain Shams University Faculty of Medicine.

Liver transplantation recipients (n=25)
This group included twenty-five (25) patients who had
liver transplantation. They were 20 males and 5 fernales
with age ranged from 36 to 67 years.

Liver transplantation donors (n=25)

This group included respective donors of liver transplant
recipients; they were 18 males and 7 females with age
ranged from 18 to 41 years. Subjects who had acute rejec-
tion or graft failure, less than 18 years old, and those who
developed tacrolimus-related complications early in the
post transplantation period necessitating change of im-
rmunosuppressant regimen were excluded from our study.

All individuals in this study were subjected to the
following

Full medical history, clinical evaluation, and laboratory in-
vestigations in the form of total and direct bilirubin, urea,
and creatinine, ALT, AST, total protein and albumin,
CBC, INR, determination of ABCB1 gene polymorphism
using real time-polymerase chain reaction technique (RT-
PCR), tacrolimus concentration/dose ratio (C/D ratio) cal-
culated with trough concentration, and weight-
standardized 24-h tacrelimus dose (mg/kg/d).

Sampling

Seven milliliters of venous blood were collected 2 h be-
fore the next tacrolimus dose under complete aseptic
precautions divided into three types of tubes as follows:

Citrate vacutainer for assay of coagulation profile,
plain tube containing gel for serum separation to per-
form AST, ALT, total protein, total and direct bilirubin,
tri-potassium ethylene diamine tetra acetate "k3 EDTA"
vacutainer for complete blood count (CBC), TAC con-
centration, and RT-PCR.

Blood collected in plain tubes was left for 20 min to clot
then centrifuged at 2000-3000 RPM for 10 min. The sera
were separated for assay of liver profile and serum creatin-
ine. EDTA vacutainer collected for assay of ABCB1 poly-
morphism were stored at -70 “C as whole blood till the
time of analysis. Repeated freezing/thawing of samples was
avoided.

Methods

a. Analytical methods

1. Assay of tacrolimus trough level
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Done by Abbott ARCHITECT tacrolimus competitive
immunoassay method with chemiluminescent micropar-
ticle immunoassay (CMIA) technology. According to the
manufacturer’s instructions, blood specimens were pre-
treated by rapidly vortex mixing of 200 pL of EDTA
whole blood with 200 pL of precipitation reagent,
followed by centrifugation to obtain clear supernatant
for analysis. Tacrolimus in the specimen competes with
tacrolimus acridinium-labeled conjugate for the available
binding sites on the anti-tacrolimus antibody-coated
paramagnetic microparticles. The resulting chemilumin-
escent signal is indirectly related to the amount of tacro-
limus in the specimen.

2. Assay of ABCBlpolymorphism by real-time PCR

Detection of ABCB1 polymorphism (rs1045642) was
performed by TagMan real-time PCR kit supplied by
Thermo Scientific'. The technique was done in three
main steps: extraction of genomic DNA from peripheral
blood leucocytes in an EDTA whole blood sample, amp-
lification of the extracted DNA, and allelic discrimin-
ation by real-time PCR.

Principle

TagMan genotyping assays genotype SNPs using the 5°
nuclease assay for amplifying and detecting specific SNP
alleles in purified genomic DNA samples. Each TagMan
genotyping assay contains two primers for amplifying
the sequence of interest and two TagMan probes for

Yss Thermo Scientific: 168 Third Avenue, Waltham, MA, USA 02451,

detecting alleles. The presence of two probe pairs in
each reaction allows genotyping of the two possible vari-
ant alleles at the SNP site in a DNA target sequence.
The genotyping assay determines the presence or ab-
sence of a SNP based on the change in fluorescence of
the dyes associated with the probes.

Result interpretation

A substantial increase in FAM dye florescence only indi-
cates homozygosity for allele 1 (Wild allele), substantial
increase in VIC dye florescence only indicates homozy-
gosity for allele 2 (Mutant allele), and substantial in-
crease in both VIC and FAM dye fluorescence indicates
allele 1 allele 2 heterozygosity (Fig. 1).

b. Statistical methods

Data were collected, revised, coded, and entered to the
Statistical Package for Social Science (IBM SPSS) version
23 for data analysis.

The Friedman test used is a non-parametric statistical
test used to detect differences in treatments across mul-
tiple test attempts. The chi-square test (x%) is applied to
study the association between each 2 variables (Pearson
chi-square) or comparison between 2 independent
groups as regards the categorical data. Mann—\Vhitney
U test is a test to compare nonparametric data.

Results
The results obtained in the present study are shown in
Tables 1,2, 3,4, 5,6, 7, and 8.
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Table 1 Comparison between recipient and donors regarding
ABCBI genotype and its allele distribution {by chi-square test)

Recipient Donor ¢ P- sig,
No. % No. % ity
ABCBY CC 1 440% 15 600%% 1377 0502 NS
T 12 48Dk 9 360%
m 2 BD% 1 40%
Allele C 34 680% 3% 7BO% 1268 0260 NS
T 16 320% 11 220%

Table 1 demonstrates descriptive and comparative sta-
tistics of the genotype and allele frequencies of ABCB1
gene polymorphism (rs1045642) between donors and re-
cipients. The CC genotype (wild type) constituted 60%
and 44% for the donors and recipients respectively, while
TT genotype (Mutant type) constituted 4% of the donors
and 8% of the recipients. Thirty-six (36%) of donors and
48% of recipients had CT genotype.

Follow-up for concentration/dose ratio (C/D), tacroli-
mus dose, and tacrolimus concentration among the re-
cipients during the first 4 weeks post transplantation are
shown in Table 2. The results of follow-up for C/D ratio
and required tacrolimus dose in relation to genotype of
the recipient was significant in the first week of the first
month post transplantation (p-value <0.05). During the
1st week, C/D ratio median value was significantly lower
in subjects with CC genotype (median (IQR) = 48) com-
pared to subjects with TT and CT genotypes (median
(IQR) = 134.9). The dose requirements needed to reach
the trough level was significantly higher in subjects with
CC genotype compared to subjects with TT and CT ge-
notypes ranging (0.01-0.7mg/kg/day) and (0.01-0.09mg/
kg/day) respectively (p-value <0.05). Follow-up of C/D
ratio, dose, and concentration of tacrolimus in the next
3 weeks was statistically non-significant (p-value>0.05)
(Table 3).

Recipients group were followed up in time intervals of
2 months and 3 months post transplantation; C/D ratio
was significantly lower and required dose was signifi-
cantly higher in recipients carrying CC genotype median
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= 63.5 compared to C/D ratio of median = 126.5 for the
recipients carrying CT or TT genotype during the 2nd
month post transplantation, while the effect of genotype
was statistically non-significant during the 3rd month
post transplantation (Table 4).

The donors’ group’s genotype effect on tacrolimus
dose, concentration, and C/D ratio during the 1st, 2nd,
and 3rd months is illustrated in Tables 5 and 6. C/D ra-
tio during the 1st week post-transplantation was signifi-
cantly higher in subjects who received liver tissue from
TT and CT genotype compared to subjects who received
liver tissue CC genotype (p-value <0.05), whereas the re-
sults were non-significant during the following 3
months.

Study subjects were further subdivided into 4 groups
according to genotype of donor and recipient. Groups 1
and 2 are compared as regards C/D ratio, tacrolimus
dose, and trough level during the first 3 months post
transplantation as shown in Table 7. In these groups, the
recipient genotype is CC while donor genotype is either
CC or CT/TT for groups 1 and 2 respectively. C/D ratio
of group 1 (median (IQR) = 44.1) compared to C/D ratio
of group 2 (median (IQR) = 113) was statistically signifi-
cant during the 1st week post transplantation. There was
no statistical significance during the next 3 months be-
tween the 2 groups.

In groups 3 and 4, the recipient genotype is CT/TT
while donor genotype is either CC or CT/TT respect-
ively. C/D ratio, tacrolimus dose, and trough level during
the 1st 3 months post transplantation in Table 8 show
no statistical significance between the 2 groups.

P-value >0.05, non-significant (N5); P-value <0.05, sig-
nificant (5); P-value< 0.01, highly significant (HS)

P-value >0.05, non-significant (NS); P-value <0.05, sig-
nificant (S); P-value< 0.01, highly significant (HS)

P-value =0.05, non-significant (NS); P-value <0.05, sig-
nificant (5); P-value< 0.01, highly significant (HS)

Discussion
Tacrolimus (also known as FK506), a calcineurin inhibi-
tor (CNI), is the cornerstone in the immunosuppressive

Table 2 Foliow-up for /D, tacrolimus dose, and tacrolimus concentration among recipients during the first 4 weeks post

transplantation (Friedman test)

1st week 2nd week Ird week 4th week Test P- Sig.
No. = 25 No. = 25 No. = 25 No. = 25 N o
ciD Median (IQR] 928 (46-140) 952 (663-1224) 105 (65-131.4) 1173 (91.2-1347) 1289 0732 M5
Range 225-350 33.75-740 38.16-310 62.1-3260
Dose (ma/kg/day) Median (IQR) 005 (0.02-007) 005 (004-008) 006 (004-008) 005 (0.04-0.07) 4915 Q178 N5
Range on1-0.7 001-4 0.02-5.2 0.02-45
Trough level (ng/dl]  Median (IQR) 435 (240-530) 5.1 (39-68) 5.7 (45-69) 5.7 (5-6.5) 5331 0004 HS
o ng_e 05-75 2756 29-15 14=145
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Table 3 Relation of ABCB1 genotype and C/D ratio and tacrolimus dose and concentration among the recipient group during the
first month post transplantation (Mann=Whitney test)

ABCB1 z P- Sig.
cc CT+TT value

C/D 15t wk Median (IQR) 48 (39-100) 134,95 (76.6-158) -2.108 Q035 5
Range 32-21 225-350

Tac dose (mg/kg/day) Median (IQR) 007 (005-0.1) 004 (003-0.05) -2065 0036 5
Range 00 -07 00 -0.09

Trough level (ng/dl) Median (IQR) 414 {1.8-4.9) 443 (26-58) -0004 0366 M5
Range I-68 09-79

C/D 2nd wk Median (IGR} 755 (65-113.75) 10025 (75-147.2 -1.123 0262 M5
Range 54.5-170 33.75-740

Tac dose (ma/kg/day) Median (IQR) 006 (05-008) 006 {0.02-0.08) -0.359 0.9 M5
Range 003-4 001-15

Trough level {mg/dl) Median (IQR) 445 (3.7-68) 56 (39=-74) =0411 0631 NS
Range 28-85 27-98

/D 3rd whk Median (IQR) 105 (60-116) 106.3 (B6.24-137.5) -0876 0.381 M5
Range 38.16-169 573-310

Tac dose (mg/kg/day) Median (IQR) 0.05 (0:04-0.09) 00 (0.03-0.07) —0358 0720 NS
Range 002-45 0:02-0.09

Trough level (ng/di) Median (IQR) 5.2 (36-63) 58 (48-78) -0849 0.3%5 M5
Range 1.16-104 29=15

C/D ath wk Median (IQR) 81.2 (700-1235) 12225 (110-162) 21325 0063 H5
Range 62.1=-167 7232-3260

Tac dose (mg/kg/day) Median {IQR) 0:06 (0.04-0.05) 0,065 (0.04-007) -0 092 N5
Range 002-52 003-0.1

Trough level (ng/dl) Median (IQR) 5.7 (3-61) 5.85 (5-84) -1.233 oy NS
Range 14-7.75 22-145

Table 4 Relation of ABCB1 genotype and C/D rauo, tacrolimus dose, and trough levels among the recipient group 2 months and 3
months post transplantation (Mann-Whitney test)

ABCEY cC CT4TT Zz P-value Sig.
2nd month
Dose Median (IQR) 01 (007-01) 0.05(0.03-0.08) -1.502 0050 5
Range 0.04-0.1 002-0.1
Trough level Median {IQR) 5.3(3.8-1005) G651605-7.8) =0.797 D425 M
Range 29-129 22-1456
/D Median (IQR) 63.5(49-106) 126.5(88.25-207.5) =2.154 Q031 5
Range 47-143 55-486
3rd month
Dose Median {IQR) 0.08(005-0.09 0.05(0.03-007) -1.508 0132 M3
Range 0.02-01 001-01
Trough level Median (IQR) 4.95(4.5-7.4) 28(3.3-7) -0.188 0851 M5
Range 32-88 1.4=9.1
/D Median (IQR) 76.5(61-176) 122(84.5-1475) =468 0639 NS
Range 32-225 47-205

Pvalue =005, non-significant (NS); P-value <005, significant (5); Pvalues 001, highty significant [HS)

Pl )
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Table 5 Relation of ABCE1 genotype and C/D ratio and tacrolimus dose and concentration among the donors’ group in relation to
ABCE1 genotype (Mann-Whitney test)

ABCB1 U est P- Sig.
cc CT+TT -
/D st wk Median (IQR) 70 (345-1325 1307 (100-160.3) =2164 0030 5
Range 225-350 A8-254 4
Tac dose (mg/kg/day) Median (IQR) 006 (002-007) 0.04 (D03-0.09) -0950 0342 NS
Range as-o. 00-07
Trough level (ng/dl) Median (IQR) £14 (210-460) 5.10 (260-670) -1526 0427 NS
Range 05-58 1-7.3
/D 2nd wh Median (HQR) 957 (66.3-1224) 9385 (56-147.3) ~0055 0956 L
Range 13.75-1875 545-740
Tac dose [mg/kg/day) Maedian [IQR) 005 (0.04-008) 07 (D:05-0.1) -1.092 0275 NS
Range 00301 01 =2
Trough level (ng/dl) Median [IQR) &50 (3. 70-B00) 500 (4456209 =361 078 NS
Range 2.7-85 27-7a
D 3rd wh Median (1GR) 78 {61.6-116) 12575 (986-169) =1.509 0108 NS
Range 3B16-310 573-2003
Tac dose [mg/kg/day) Median (IQR] 0.05 [0.04-0.08) 005 {0.0£-0,08) —0188 0857 NS
Range 0:02-01 002-5.2
Trough level (ng/dl) Median (1QR) 520 (360-650) 575 (5.20-780) —0.071 033 ]
Range 19-93 316-15
CDath wk Median (HIR) 122 (595-162) 99.45 (790-1235) 0658 038 Mg
Range 62.1-250 T00-3260
Tac doge (rmgkgday) Madian (1QR} 0.0 (0:03-005) 006 (D00e-007) =096 0.35% NS
Range 002-02 002-23
Trough level (ng/di) Median [IQR) 560 (5.00-650) 610 (4.17-B50) ~0654 0487 NS
Range 2284 1a-1245
Pvalue >0.05, non-significant (NS); P-value <005, significant (5); Pwvalue< 0.01, highly significant (HS)
Table 6 Relation of ABCB1 genotype and C/D ratio, tacrolimus dose, and trough levels amang the doror group 2 months and 3
manths post transplantation (Mann=Whitney test)
ABCB1 CcC CT+TT U test P-value Sig.
2nd month
Dose Median (IQR) 0.05(0.04-008) 008(0.04-0.1) =0812 0417 M5
Range 002-0.1 0.03-01
Trough level Median (IQR) 6.65(5.9-8.1) 6:05(5.1-9.85) 0223 0824 NS
Range 2.2-108 38-145
afls] Median (IQR) 108(82.5-167) BE(54.5-184.5) -0.355 0722 NS
Range 49-213 47-486
3rd month
Dose Median (IQR) 0.0500:02-0.06) 0.08(0.05-0.1) -1.878 0060 ]
Range 0.01-007 Q02-01
Trough level Median (IQR) S4(2,1-82) 5.35(4.5-6.95) =-0,089 0929 M5
Range 14-8.1 32-74
/o Median [IGQR) 142.5(71-150) G05(595-115.75) —1.422 0155 NS
Range 47-225% 32-205

Povalue =005, non-significant (NS); Pvalue <0.05, significant (5K Pvalue< 001, highly significant (HS)
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Table 7 C/D ratio in correlation with different genotype of donor when recipient genotype is CC (Mann-Whitney test)
Group 1 (CC/CC) Group 2 (CC/CT or TT) U test P- Sig.
No.=7 MNo. =4 value
B e T - My Firlio
C/D ratio Median (IQR) 44.1(34.5-70) 113(74-1735) =2.268 0023 5
Range 32-75.2 48-221
Dose Median (IQR) QOA005-003) 0070.02-04) 0000 1.000 M5
Range 0.05-0.1 Qo -0.¢
Trough level Median (IQR) 4.14{24-4.4) 35501 4-6.05) =0.189 0.850 M5
Range 16-459 1=68
2nd wk
c/D Median (IQR) 925(663-1224) £5.45(55.25-54.33) -1.323 0.186 NS
Range 86-170 545-113.75
Dose Median (IQR) 0.06{0.04-008) 0.0810.06-2.05) =1.245 0.213 NS
Range 0.03-0.08 005-4
Trough level Median {IQR) 4 2(3.7-84) 4 78(363-53) -0.379 0.705 NS
Range 37-85 2B-55
3rd wk
(5] Median (IQR) 78(536-112) 125.3(825-157.3) ~1.136 0.256 s
Range IBI6-116 §0-169
Dose Median (IQR) Q.06(0.04-0.09) 0.07(0.04-2 64) -0.190 0849 M5
Range 0.02-0.1 002-52
Trough level Median (IQR) 5.2(35-65) 5.2(388-8.Y) 0.000 1.000 M5
Range 33-9 3.16-104
ath wk
cio Median (IQR) 99.5(63-141) 107.35(85.1-285.75) -0.756 0.450 NS
Range 62.1-167 F9-448
Dose Median {IQR) 0:05(0 04-0.09) 0.04(002-2.28) -0.579 0563 M5
Range 04-02 002-45
Trough level Median (IQR) 5.85(5.2-65) 351{213-5.14) =1.492 0138 NS
Range 3-7.75 14=6.1
2 months
Dose Median (1QR) 0.1(004-0.1) QOHAO7-0.1) -0.232 0a7 NS
Range 004-0.1 0a7-0.1
Trough level Median (IQR} 59(29-105) 4.7(38-129) =0.218 0827 NS
Range 29-106 38-129
[of]s) Median (IQR) 73{49-108) SA[d7-143) =0.218 0827 NS
Range 49-105 47=143
3 months
Dose Median (IQR) 0.050.02-0.07) Q.02(0.08-00) =1.5964 0050 NS
Range 002-007 0.08-0.1
Trough level Median {IQR) 545-8.8) 49(3.2-7.4) -0855 0513 N5
Range 45-88 32-74
ciD Median (IQR) 176(71=225) 61(32-82) =1528 Q27 NS
Range 71-225 32-82

P = 0.05, non-significant; P < 0.08, significant; P < 0.01, highly significant
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Table & C/D ratio in correlation with different genotype of doner when recipient genotype is CT or TT (Mann-Whitney test)
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Group 3 (CT or TT/CC) Group 4 (CT or TT/CT ar TT) U test P Sig.
Mo. =8 Mo. = & value
e e A e e PP =]
C/D ratio Median (IQR) 11565(55.55-150.75) 1387(1135=1603) -0.775 0439 M5
Range 225-350 F2-2944
Dose Median (IQR) 0.05(0.04-0.06) C0440.03-0.05) =0.589 0556 N5
Range 0.01-0.06 0.02-009
Trough level Median (IQR) 4.18(1.95-4.95) 5.6(4.2-67) -1678 0,093 N5
Range 09-58 26-79
2nd wk
oD Median (IQR) 100.25(65.1-126) 121.2(825-1764) =071 0477 NS
Range 33751875 54 7-740
Dose Median (IQR) 0.05(0.04-008) QOMO04-01) =0.393 0654 M5
Range 004-00 DDI-15
Trough level Median (IQR) 5.35(3.5-7.75) 565(5-63) -0.065 0948 M5
Range 27-96 27-74
3rd wk
D Median (IQR) 78.35(6352-124) 125.75(98.6-196) =090 0.366 WS
Range 58-310 57.3-2003
Dose Median (IQR) 0.07{0.05-0:07) D.05(0.04-008) -0327 0.7 NS
Range 003-00 003-0.1
Trough level Median (IQR) 535(4=7.7) 63(55-7.8) =1.033 0302 M5
Range 25-93 52-15
ath wk
D Median [IQR) 1286(119.65-191) 114 45(91.4-133) -1.291 0197 N5
Range 110-250 72.32-3264
Dose Median (IQR) 004{0.02-006) 0.070.05-007) -18%9 00s8 NS
Range 0.02-007 0.04-0.03
Trough level Median [IQR) 5.15(4.75-655) 75061-85) =2.200 0028 5
Range 22-84 546-145
2 months
Dase Median {IQR) 00410.03-0.08) 0.05(003-0.7) -0575 0565 NS
Range 0.02-0.08 003-01
Trough level Median (IQR) E764-8.1) 6 2(5.9-68) ~0568 0570 MS
Range 23-84 5.5-1456
ciD Median (IQR) 140{94-102) 113(59-226) -0:081 0935 WS
Range B25-213 55-485
3 months
Dose Median (IQR) 0.04{003-0.08) 0.0500:04-007) -0.818 0414 NS
Range 001-007 002-0.1
Trough level Median (IQR) SE{15-82) 5804.5-6.9) -0.082 0935 W5
Range 14-9.1 45-7
oo Median (IQR) TAMI0-150) 112599127 0407 0684 M5
Range A47=150 38-205 -

P > 0.05, non-significant; P < 0,05, significant; P < 0.01, Mghﬁr_iigm*hﬂl
Group 1 [CC/CC), group 2 [CCCT or TT), group 3 1CT or TT/CC), and group & ICT or TICT or TT)
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regimen post liver transplantation. By suppressing cal-
cineurin activity, interleukin-2 (IL-2) production by T-
cells is also reduced which affects proliferation and mat-
uration of T-cells exerting immunosuppression effect.
Therapeutic use of tacrolimus is complicated by its nar-
row therapeutic index, interpatient pharmacokinetics'
variability, and the risk of drug interactions with co-
administrated medications [8].

Passage of the drug across biological membranes is
mostly regulated by membrane transporters. These
membrane proteins determine the distribution of differ-
ent drugs throughout the body, and they are hence
major determinants of drug pharmacokinetic/pharmaco-
dynamics profile [9]. The oral bioavailability of tacroli-
mus varies greatly between individuals and largely
depends on the activity of cytochrome P4503A (CYP3A)
subfamily and P-glycoprotein (P-gp) which is an efflux
transporter encoded by the MDR1/ABCB1 [adenosine
triphosphate (ATP)-binding cassette subfamily B, mem-
ber 1] gene.

The ABCB1 gene has been extensively studied for
characteristic polymorphisms and it has been shown that
many of these polymorphisms may be linked with the
function of P-glycoprotein. About 50 SNPs for ABCBI
have been identified. The most frequently studied poly-
morphisms for ABCB1 gene are C1236T (rs1128503),
G2677T/A (rs2032582), and C3435T (rs1045642) [10].
The possible influence of genetic polymorphisms of P-gp
in transplant recipients have been indicated as one of
the most important variables affecting the pharmacokin-
etics of immunosuppressive drugs [11].

The aim of the present work was to assess the influ-
ence of ABCB1 gene polymorphism (rs1045642) of liver
transplant recipients and donors on blood level and dose
requirements of oral tacrolimus, in an attempt to help in
designing an individualized tacrolimus regimen for
Egyptian liver transplant recipient. The study was con-
ducted on 25 patients who received liver transplantation
in liver transplantation unit at Ain Shams University
Specialized hospitals and their 25 respective donors.

Liver transplant recipients in the present study were
given the same drug formulation through the same route
of administration; they all received oral tacrolimus in the
form of immediate release Prograf *.

Pediatric and elderly individuals over 65 years were ex-
cluded. This exclusion was to avoid variability in tacroli-
mus pharmacokinetics that might be introduced by age
differences [12].

All individuals in this study were subjected to full
medical history, clinical evaluation, and laboratory inves-
tigations in the form of total and direct bilirubin, urea,
and creatinine. ALT, AST, total protein and albumin,
CBC, INR, determination of ABCB1 gene polymorphism
using real-time-polymerase chain reaction technique
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(RT-PCR), tacrolimus blood concentration using chemi-
luminescent microparticle immunoassay (CMIA) tacroli-
mus assay on the Abbott Architect' analyzer.
Concentration/dose ratio (C/D ratio) caleulated with
trough concentration and weight-standardized 24-h ta-
crolimus dose (mgfkg/d).

In the present study, ABCB1 CC genotype was de-
tected in 11 (44%) recipients and 14 (56%) were CT and
TT genotype, while the donors with CC genotype were
15 (60%) and those with CT/TT genotype were 10
(40%), respectively.

The genotype distribution of our study was similar to
a study by Abd El-Hakim et al. [13] who reported the
presence of CT and TT genotypes in 26 recipients (54%)
while CC genotype was detected in 22 subjects (45.8%)
of the enrolled 48 subjects. On the other hand, Venuto
et al. [14] reported that of 149 American patients, 57
(38.3%) were CC genotype while 92 patients (61.7%)
were CT/TT genotype. Moreover, Denga et al. [15] who
genotyped 136 Chinese liver transplant recipients for
ABCB1 polymorphism also found that 52 subjects
(38.2%) were CC genotype while 84 subjects (61.7%)
were CT/TT genotypes.

Similarly, Bonate et al. [16] showed that genotype dis-
tribution differs between races (African, American and
Caucasians) affecting required doses in order to attain
comparable tacrolimus levels. Ethnic variations would
explain the different genotype distribution reported by
different studies.

In our study, tacrolimus daily dose was significantly in-
creased to achieve adequate levels among recipients car-
rying ABCB1 CC genotype compared to recipients
carrying CT and TT genotypes during the 1st week.
Thus, C/D ratio was significantly lower in recipients car-
rying CC genotype compared to those carrying CT or
TT genotypes.

Our study subjects were followed up for 3 months. Ta-
crolimus dose was significantly higher in recipients with
CC genotype with concomitant decrease in C/D ratio
during the first week of the 2nd month. These changes
were also observed during 2nd, 3rd, and 4th weeks of
the first month and also during the rest of the study
period although not reaching statistical significance.

It is noteworthy that during the follow-up, seven recip-
ients experienced tacrolimus side effects as hallucina-
tions and tacrolimus resistance by the end of 1st month
requiring change of the immunosuppressant. Qut of
these 7 recipients, 5 were CC genotype (71.4%) and the
remaining were CT genotype. These patients required
high doses of tacrolimus but failed to reach the sufficient
trough level for the optimum immunosuppression.

These findings were similar to the results reported by
Helal et al. [7] who also observed an increase in required
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tacrolimus dose among recipients with CC genotype
compared to CT and TT genotypes.

Staatz et al. [17] studied the effect of different geno-
type on tacrolimus pharmacokinetics in renal transplant
patients and demonstrated a higher tacrolimus concen-
tration and a lower dose requirement in patients with
TT variant genotype than in those with the CC wild-
type genotype denoting lower functional activity of P-
glycoprotein in the variant genotype. This was also ob-
served by Vafadari et al. [18] who reported that TT
homozygous patients’ T-cells have a less active efflux
pump, hence more inhibition of the production of 1L-2
resulting in a better graft survival and less graft
rejection.

Moreover, in a study by Gérard et al. [19], 66 adult
liver recipients receiving oral tacrolimus were included
in this study. Data were collected from day 1 to day 25
post-transplantation showing an approximately 1.5-fold
difference in tacrolimus estimated clearance between TT
and CC recipients being higher in CC genotype.

On the other hand, Kurzawski et al. [20] found no sig-
nificant difference reported for tacrolimus dose or C/D
between the different ABCB1 (rs1045642) genotypes in a
study held on 241 kidney transplant patients through
the 1st year post transplantation.

These results were also reported by Suzuki et al. [21]
who investigated a total of 80 consecutive living-donor
liver transplant (LDLT) recipients on tacrolimus. Sixty
(60) patients were completely followed for 7 days early
after liver transplantation in order to evaluate the
pharmacokinetics. No effect of ABCB1 polymorphism
on the required dose was observed.

A similar non-significant result by [22] was also re-
ported in meta-analysis carried out to evaluate how re-
cipient ABCB1 (n = 318) genotypes influence tacrolimus
pharmacokinetics till 1 month of transplantation. It was
reported that the recipient ABCB1 3435 C > T poly-
morphism has no significant influence on tacrolimus
pharmacokinetics till 1 month of transplant.

A follow-up study of 51 Caucasian patients by Proven-
zani et al. [23] at 1, 3, and 6 months after transplantation
as regards the ABCB1 SNPs did not show any appre-
ciable influence on tacrolimus dosing requirements.

In the previous mentioned studies, the difference in
follow-up period could possibly be an explanation as
prolonged follow-up is subjected to factors such as
introduction of other immunosuppressant with subse-
quent reduction of tacrolimus while short period of
follow-up could be affected by patients loss as a result of
death from complications. Also, inter-individual variabil-
ity is high as regards dose modifications to reach suffi-
cient trough levels of about (8-10 ng/dl).

Tao evaluate the effect of the donor genotype on the re-
cipient response, study subjects were further subdivided

Hepatelogy and Transplant Hepatology: A Case-Based Approach

into 4 groups. Recipient is CC and donor is CC in group
1. Recipient genotype is CC and donor genotype is CT/
TT in group 2. Recipient is CT/TT and donor is CC in
group 3, recipient genotype is CT/TT, and donor geno-
type is CT/TT in group 4.

Our study shows statistical significance between
group 1 and 2 during the first week post transplant-
ation as regards C/D ratio. Decreased C/D ratio in
group 1 intensifies the effect of combined effect of
CC genotype of recipient and donor. Sixty (60%) of
donors carried CC genotype. Their corresponding re-
cipients required higher tacrolimus dose than those
who received from CT or TT genotypes. Their drug
concentration was also lower which was associated
with a significantly lower levels of C/D compared to
40% who received liver transplantation from CT and
TT genotypes. Otherwise, the genotype had no statis-
tical significance during the follow-up at 2 and 3
months.

Both groups 3 and 4 show no statistical significance
when compared as regards C/D ratio, tacrolimus dose,
or trough levels during the 1st, 2nd, and 3rd months.

A study done by Gémez-Bravo et al. [24] evaluated
the impact of ABCB1 genotypes of graft and patient
on tacrolimus dosage requirement and on the inci-
dence of acute rejection among adult Caucasian Span-
ish liver transplant recipients. In the 98 subjects of
this study, no consistent evidence has been found that
the ABCB1 genotype of either recipient or the graft
has a significant influence on the distribution of ta-
crolimus or the incidence of acute rejection or other
adverse events.

The clinical outcome at 2-year follow-up study by Glo-
wacki et al. [25] on 209 French renal transplant recipi-
ents who received tacrolimus as the main
immunosuppressant did not appear to be related to the
donor or recipient ABCB1 3435C>T polymorphism and
no difference was reported regarding the required dose
between the subjects of the study.

The effect of recipient genotype was more prominent
than that of the donor’s because recipients with CC
genotype showed an expression of P-gp not only in the
liver but also in the duodenum endothelium, kidney, ad-
renal gland, and pancreas two times higher compared to
individuals with TT and CT genotypes while the donor
effect is only related to the transplanted liver; therefore,
CC-genotyped recipients experience reduced intestinal
absorption of orally administered drugs including tacro-
limus and enhanced biliary excretion through the liver
and tubular excretion in the kidney [26].

Conclusion
The present study revealed that ABCBE1 CC genotype of
both recipients and donors of liver transplantation was
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significantly associated with increased required tacroli-
mus dose early after liver transplantation reaching statis-
tically significant level in the first week of the first and
second months. Further studies are recommended using
a larger sample size and longer duration of follow-up.
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Abstract

symptoms were also assessed,

had HCV genotype 5.

Background: Hepatitis C virus {(HCV) infection is a high prevalent disease. Sofosbuvir/ledipasvir (SOF/LDV) can suc-
cessfully treat HCV and it was until recently that SOF/LDV was approved by the FDA in haemodialysis patients, but
not in patients with liver cirrhasis. This study reports patients on haemodialysis and compensated liver cirrhosis who
used this regiment. This is a retrospective study on patients who were on haemodialysis and used SOF/LDV for HCV
treatment in one secondary health care facility (a hospital). Treatment consisted of 400g SOF and of 90g LDV once
daily. Patients were assessed for HCV RNA at the end of treatment after 12 weeks and after 24 weeks for patients. New

Results: Our sample contained 16 males and 5 females with a mean age of 40.9 years. Nineteen patients had no
cirrhosis of the liver, and the other two had clinical and radiclogical cirrhosis and had Child-Turcotte-Pugh (CTP) type
B. Full follow-up was for only 20 patients and they all had HCV resolved as one patient had died from a stroke. Other
factors were assessed such as HCV genotypes, but treatment had the same results with no difference in symptoms
development (p>0.05). Twelve patients had HCV genotype 1, eight patients had HCV genotype 4, and one patient

Conclusion: Despite the small sample size, SOF/LDV combination is suggested to be effective in patients on hae-
modialysis and who had compensated cirrhosis and CTP type B without the need of dose adjustment or increase
duration of treatment, and there were no major complications overall.

Keywords: Cirrhosis, End-stage kidney disease, Haemodialysis, Sofosbuvir/ledipasvir, HCV

Background

Hepatitis C virus (HCV) infection has a prevalence of 3%
worldwide, it is more frequent in long-term haemodialy-
sis patients and it reached 7.5% in developed countries.
Nevertheless, it was demonstrated that having a positive
anti-HCV serologic was associated with a higher inci-
dence of chronic kidney disease (CKD) in the population
[1, 2]. Furthermore, there was an increase of extrahepatic
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manifestation in CKD patients with chronic HCV such
as an increased risk of 51% of proteinuria [2]. Moreover,
haemodialysis itself is a major risk for HCV despite blood
testing which is one of major causes of chronic liver dis-
ease in such patients [3], and it substantially increases
mortality [4].

Antiviral therapy has a positive outcome on patients
on haemodialysis as it increased survival [5]. Sofosbuvir/
ledipasvir (SOF/LDV) combination is considered one of
the treatment combinations for HCV as they have 100%
eradication rate in acutely affected HCV genotype 1.
Sofosbuvir is also approved for genotypes 1 through 6
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[6]. Food and Drug Administration (FDA) has recently
approved for regiments containing sofosbuvir/ledipasvir
(SOF/LDV) for HCV treatment in renal disease with esti-
mated glomerular filtration rate (eGFR) <30 and haemo-
dialysis |7, 8]. However, not much data about using this
regime in decompensating liver disease is available. And
therefore it is still not recommended [9]. SOF/LDYV treat-
ment can go for 12 weeks, and the recommended doses
were at 400 mg for sofosbuvir, and 90 mg for ledipasvir
daily [6].

Prevalence for HCV varies across the world with devel-
oping countries having the highest rates [10]. Syria has
been suffering from war since 2011, and its medical sec-
tor and economy have taken a huge hit as only 1.5 hos-
pital beds with only 1.22 physicians were dedicated for
each 1000 of population [11]. SOF/LDV combination is
commonly used in Syria despite the global restrictions
and high prices on drugs. These restrictions made it hard
to obtain other alternatives in Syria for patients such as
in cases with CKD and cirrhosis. This study contains 21
patients who used SOF/LDV regiment at Damascus Hos-
pital although they had end-stage renal disease (ESRD)
and were on haemodialysis with two patients having
cirrhosis.

Methods

This study included 21 patients who presented at Damas-
cus Hospital in the period between February 2018 and
August 2019. All patients used SOF/LDV for HCV and
were on haemodialysis from ESKD.

Patient and ethical consent

This study was ethically and scientifically approved by
Damascus Hospital ethical committee, and gastroenter-
ology department number 113297, Patient written con-
sent was taken before administration of drugs. Risks and
benefits were explained, and patients agreed on taking
the drugs. Patients’ oral consent was later taken for col-
lecting and publishing their data for research purposes.

Inclusionfexclusion criteria

Our sample included patients who had HCV diagnosed
by polymerase chain reaction (PCR), had ESRD (GFR
<15 mL/min), and were on haemodialysis when initiat-
ing HCV treatment. PCR is the best diagnostic method
in haemodialysis patients [12]. We did not enrol patients
who had other severe uncontrolled comorbidities that
were not directly related to HCV, cirrhosis, or renal
failure, such as uncontrolled diabetes with persistent
high HbAlc and severe uncontrolled hypertension. We
enrolled patients who used SOF/LDV for the treatment
of HCV. No patient received other treatment for HCV
before initiating SOF/LDV (naive).

Hepatology and Transplant Hepatology: A Case-Based Approach

Child-Turcotte=Pugh (CTP) was used to determine
the severity of cirrhosis. CTP is based on multiple fac-
tors, encephalopathy, ascites, bilirubin, albumin, and pro-
thrombin time. CTP was used as it is an easy method to
use in the daily practice with a high prognostic accuracy
in 6-month period [13]. Cirrhosis was diagnosed based
on radiclogical, and clinical features, not by using inva-
sive procedures,

Dosing

Standard doses for SOF/LDV were indicated as it was
found that no adjustment is needed for ESRD patients
who are on haemodialysis. Doses were 90 mg for ledipas-
vir, and 400 mg for sofosbuvir for once daily for 12 week
(7, 8].

Progress

Only reported symptoms that newly developed or exac-
erbated after treatment initiation were reported. Assess-
ment for new symptoms and routine blood tests (full
blood count, urea, electrolytes, creatinine, and liver
function tests) were conducted at the beginning, mid-
dle (6-week period), and at the end of treatment period
which was after 12 weeks to determine if any changes in
labs were transient or not and to check for new symp-
toms. These tests and examination were conducted 1 day
before haemodialysis.

HCV PCR testing was conducted at the beginning,
after 12 weeks (end treatment response or ETR), and
after ETR by 12 weeks to assess sustained virological
response (SVR12) as no longer follow-ups were possible
(SVR24). Any patient who had haemoglobin below 11
was considered as anaemic.

Statistical analysis

Data was processed using IBM SPSS software version
25 for Windows (SPSS Inc, IL, USA). Chi-square, Fish-
er’s exact, independent T, and one-way ANNOWVA tests
were performed to determine the statistical significance
between the groups of cases and controls. Values of less
than 0.05 for the two-tailed P values were considered
statistically significant. However, multivariate tests were

avoided due to large amounts of variables and small sam-
ple size.

Results

Our sample included 16 males (76.2%) and five females
(23.8%) with a mean age of 40.90 £ 11.05 years. Two male
patients were single (12.5%), one was engaged (6.25%),
and 13 were married (81.25%). In contrast, one female
patient was single (20%), and four were married (80%).
While ten male patients lived in the suburbs (62.5%), and
six male patients lived in an urban area (37.5%), all female
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patients lived in suburbs. Three males and one female
patient had a history of smoking with an average of 22.5
pack/year history. None of the patients drank alcohol
regularly. One patient had a haemorrhagic stroke in week
5 of treatment and died. The remaining 20 patients con-
tinued treatment until the end, and one of them had suc-
cessful renal transplant after SVR12.

There were no significant differences in routine blood
between before and after the treatment for all types in
our research,

All patients who were followed up until SVR12 had
0 copies of HCV RNA when using PCR when finish-
ing 12 weeks of treatment. No patient declared medica-
tion ceasing due to adverse effect or deteriorating of the
symptoms. No major changes were found in liver and
renal function during the study period. No major com-
plications or deaths were declared except for one patient
who had the stroke.

HCV genotypes

Ten patients (47.6%) had HCV genotype la, two (9.5%)
genotype 1b, eight (38.1%) genotype 4, and one (4.8%)
genotype 5. All females had no cirrhosis whereas two
males (17.6%) had clinical and radiological findings of
cirrhosis with CTP B (Fig. 1). HCV genotype 1b was
associated with having a headache (p=0.047). Hav-
ing a headache was also associated with female gender
(p=0.026). However, having a headache overall was only
in one patient. No statistically significant differences were
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found when comparing HCV genotype with any of the
other symptoms, or smoking (p<0.05). HCV genotypes
were also not associated with gender, and CTP scores
(p<0.05).

CTP score and symptoms

At the end of follow-up, newly developed symptoms were
recorded for 17 patients containing the two patients with
CTP B. The other 3 patients' follow-ups were not valid,
and the final fourth patient had a stroke at week 5.

Out of the 17 patients, four (23.5%) developed lethargy
or “an increased in tiredness’, one (5.9%) developed sus-
tained headache, seven (41.2%) declared an increase of
nausea, five (29.4%) declared an increased frequency of
passing stools, four (23.5%) an increased dizziness, one
(5.9%) an increased shortness of breath, five (29.4%) an
increased insomnia, eight (47.1%) an increased arthral-
gia, and six (35.3%) an increased mood swings or more
negative mood (Table 1).

Developing new symptoms were not statistically sig-
nificantly associated with gender, or smoking (2<0.05).
Developing arthralgia was insignificantly associated with
smoking (p=0.072). However, CTP scores were associ-
ated with developing dizziness (p=0.007) as all patients
with CTP B (2 patients) had dizziness. Moreover, CTP B
was associated with a shortness of breath (p=0.005) and
nausea (p=0.072) as only one patient had shortness of
breath, and he had CTP type B. There were no patients
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Table 1 Symptoms developed in patients after 12 weeks of
freatment

Characteristic MNegative Positive
HOV 1a (n=10)
Lethargy & 2
Headache B 0
MNausea 4 4
Drarrhoea [ 2
Dizzingss & 2
Shortness of breath 7 1
Insomnia 5 3
Arthralgia 4 4
Mood disturbances 4 =
HCV b (n=2)
Lethargy 1 1
Headache i 1
Mausea 1 1
Diarrhoea 0 2
Dizziness 2 0
Shortness of breath 2 0
Irsomnia 2 4]
Artnraigia 1 i
Meood disturbances Z 0
HCY & (n=8)
Lathargy 5 |
Headache & o
hauses 4 2
Diarchosa 5 i
Dizzingss 4 2
Shoriness of beeath & 1]
Insoemnia 4 2
Arthrzigia 3 3
Moad disiurbances & 2
HCW 5 [n=1)
Lethargy 1 0
Headache 1 4]
HMausea 1 L
Ciarrhioea i 4]
Drzziness 1 0
Zngrtnass of breath 1 1]
Insominia 1 0
Arthraigiz 1 0
Mood disturbances 1 0

who developed any new pulmonary, or dermatology
symptoms, or coughing.

CBC and symptoms

Mean haemoglobin level and platelet count for patients
who achieved SVR12 were respectively 9.04 g/dl and
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201,712 x 10° per litter when medications were initiated,
and 9.95 g/dl and 205,750 x 10° per litter after 12 weeks.
Moreover, 16 patients had an anaemia (Hb<11 g/dl) when
initiating drugs with levels ranging from 6.3 to 12.40 g/
dl. No statistically significant difference was found when
comparing HCV RNA copies when diagnosed, age, hae-
moglobin level, and platelet counts at the beginning or
the end, with developing lethargy, nausea, diarrhoea,
dizziness, shortness of breath, insomnia, arthralgia, and
mood disturbances (p<0.05). There were no statistically
significant differences when comparing age, haemoglobin
level at the beginning or the end, HCV RNA copies when
diagnosed with developing headache (p<0.05). However,
it was found that having lower platelets when diagnosed
or after 12 weeks of treatment was correlated with having
a headache (p=0.040 and p=0.086 respectively).

Other variables

Mo statistically significant differences were found when
comparing HCV RNA copies with smoking cigarettes,
amount smoked, haemoglobin levels, and platelet counts
(p<0.05).

Discussion

Qur study

All patients had no evidence of HCV on PCR when fol-
lowed up despite having ESRD and regardless of having
CTP type B at SVR12. No significant side effects were
developed regardless of having the clinical and radiologi-
cal cirrhosis and CTP type B or not. No dose adjustment
was required in the two patients of CTP B, and SOF/LDV
was effective in patients with HCV genotypes of la, 1b,
4,and 5.

Interestingly, a slight improvement in anaemia and
low platelets was noticed after HCV treatment for some
patients. No associations were found between any of the
variables of HCV genotypes, symptoms developed, HCV
RNA copies when diagnosed, HCV genotypes, gender,
cigarette smoking, amount smoked, and having CTP B.

Other studies

A decline of eGFR and anaemia were observed in a large
study of SOF/LDV in ESRD [8]. However, using the alter-
native older drugs such as ribavirin, interferon (IFN) alfa,
or pegylated IFN was associated with more severe anae-
mia [14]. Many adverse effects were noticed for LDV/
SOF treatment, but they were mild to moderate in 93%
of patients [15]. Fatigue, headache, insomnia, and nausea
were the most common adverse effects [15], and anae-
mia has oceurred in some patients [16). Sofosbuvir is the
first peg-interferon-free combination regimen with high
SWVR rates. It has fewer side effects and requires shorter
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treatment compared to old drugs [10, 17]. We specu-
lated that anaemia was alleviated as the chronic infec-
tion (HCV) was resolved and thus slightly improving the
anaemia, or it was just coincidental.

In decompensated liver failure, more adverse effects
were found, mainly in CTP B and C. However, many
studies found that most of these effects were from riba-
virin [9]. Other studies also found that SVR was lower
in high CTP scores with higher relapse. These studies
used the same fixed dose of SOF/LDV despite the cir-
rhosis. However, these drugs are still not recommended
in hepatic decompensation until more studies are con-
ducted [9]. SOF/LDV is indicated in patients with HCV
who did not benefit from peginterferon alfa plus ribavi-
rin and who is treatment naive without cirrhosis or with
compensated cirrhosis [17]. In our study, regular doses
were used for SOF/LDV for 12 weeks with no major side
effects.

Limitations

No data was available on eGFR or ECG changes after
giving the medications; data only contained full-blood
count, electrolytes, liver function creatinine, and urea
levels which were not substantially changed throughout
the study and we could not include more tests or take
more frequent test which means that there was a pos-
sibility to miss point changes in values. Some patients’
follow-ups for symptoms were missing, and new symp-
toms could not be accurately determined if they were
from medications, or other causes. No weekly visits were
scheduled which could have left a gab in new or transient
symptoms detection as visits and blood testing were only
scheduled on the first day, 6 weeks, and 12 weeks after
initiating the medication. Drugs were not administered
before the haemodialysis so we could not observe the
direct effect of haemodialysis en the drug. Moreover, the
effect of other medications, and medical conditions, and
the aetiology of ESRD and HCV were not studied. Our
sample study was small, particularly for patients with cir-
rhosis with CTP B as they were only two patients and for
patients with particular HCV genotypes. Finally, longer
follow-ups were not feasible due to limited resources of
the hospital and most patients not being compliant for
longer follow-ups.

Conclusions

The results suggest that sofosbuvir/ledipasvir can be
used in renal failure patients on haemodialysis to treat
HCV genotypes la, 1b, 4 and 5, and when having clini-
cal and radiological cirrhosis with CTP B. No dose
adjustment or an increase of duration was required.
Also, no additional severe symptoms were developed

in patients with CTP B in comparison to the other
patients. Treatment was administered after the haemo-
dialysis. Further studies on larger study groups should
be conducted to confirm these findings. Our sample
size was small and contained only two patients with cir-
rhosis which was diagnosed on radiological and clinical
basis.

Abbreviations

C TP Child-Turcotte-Pugh; CRID; Chrones kidney drsease; ESRD: End-s1age renal
gitease: ETR: End reatment response; eGFR: Estimated glamenular fiitration
rate; Hix Haemoglobing FICV: Hepatitis C wires; IFNG Ingerferon; POR: Polymerase
chain reaction; RMNA: Ribanucleie acid; SOFALDV: Sefosbusvinledipaswvir; SV
Sustained wirclogical response,

Acknowledgements
This stwdy has a preprint gn hitpssfdonorg10.21203/rs 3rs-2137 12 and on
hLtpsfenmesieseaichsquare.comianticlelis-2137 10,

Authors’ contributions

Al guthors adhere to the ICMIE definition of authorship and they have com-
pleie access (o the study data that support the pubication. EB: concepiualisa
fion, supenasion, validation, revewing and editing the draft, project adminis-
ratom, and esources. KO supervision, validatan, project admanistration, and
rescurces. MH: data curanion, investigation, revewing and editing the draft,
supervision, visualization, rescurces, and software. RA investigation, method-
ology, project administration, resources, and wisualizat:en, MWA reviewing the
draft and software. All authoss read and approved the inal manuscript. AK:
wisuahizatian, writing original dealt, ievewing and editing. software, data cura-
tion, methodology, and farmal analysis,

Declarations

Ethics approval and consent te participate

Thus studhy was ethically and scientifically approved by Damascus Hospital ethi-
cal committee, and gastroenterology department numiber 113297 Pagient’s
writlen consent was taken before admenssiration of drugs as this deug regime
was ot appeoved at the time of treatmient for haemodalysis patients. Risks
and benefits were explaingd and patents agreed on taken the drugs

Competing interests
Mo competsng interests 1o deciare.

Author details

'Gasicenterclogy department, Damascus Hospital, Damascus, Syria. “Faculty
of medicing, Damascut Unineraity, Damascus, Syria. *University Hospatal Gee-
long, Barwon Health, Victoria, Australia,

References

1. Goodkin DA, Bieber B, ladouw M, Martin P Kanda E, Pisoni BL (2017) Moe-
talty, hospitalization, and quality of life among patients with hepatitis C
infection on hemodialysis. Chin ) Am Soc Mephrol 1 2(20:287-297

2. Fabriai F,Verdesca 5, Messa B Maruin P (2010 5) Heparitis C virngs infection
increases the risk of developing chronic kidney disease; a systematic
review and meta-analysis. Digest Dis S¢i 801 203801-3813

3. Marinaki 5 (2015) Hepatitis C in hemodialysis patients. Woedd | Hepatal
M3p548. MIpsydoiorg/ 104254/ wjh v 713,548, 1S5 1948-5182



128 Hepatology and Transplant Hepatology: A Case-Based Approach

4, Kalaniar-Zadeh ¥ Kilpatrick RD, Meamister O, Milier UG, Daar E5, Gjentson
DWW et at (20071 Hepatitis Cwirus and death risk in hermodiakysis patients. )
Am Soc Nephvol, 18(55158£-1593

5. Shderholm ), Millbousn C Bdsch K (2018) et a Higher risk of renal disease
in chronic nepatitls C patients Antiviral therpy surviva! benefitin
patients on hemodialyss. | Hepatol. 63{51504-911

6. Zeurem S (2017) Treatmen: options in hepatitis C the current state of the
art, Deutsches Asrmeblian Online. hitpsy/Ydoiong/ 10,3238/ arnebl 2017,
D011 155N: 1866-0452

7.  AASLD-IDSA HOV guidance: recommendations for testing, manag-
ing. and treating hepatitis C; patients with rena impairment [updated
December 10, 2019, cited 2020 February 18], Available from: https’
wwiwhovguidelines.orglfunigue-populationsfienat-impairment,

8 Butt AA Ren Y, Puenpaiom A, Arduino IM, Kumar R, ADou-Samra AB
(2018) Effectiveness, treatmeni completion and safety of sofosbuvin/ledi-
pasvr and patitaprevie/ritonavinfombitasvie + dasabur in patients with
chronic kidney disease; an ERCHIVES study. Alimensary Fharmacol Ther
4B{1135-43

9. AASLD-IDSA. HOV guidance: recommendations for testing. managing,
and treating hepanitis G patients with decompensated cireosis fupdated
November &, 2015 cited 2020 March 9], Available liom. hiipssiferene
hovguidelines.crg/unsque-populations/decompensated-cirhosis

10, Mohamed AA, Hepatitis C (2015) Virus: a global view. World J Hapatol.
7(26%2676, htipsy/douorg 04254 wina Tid6.2670. 155M: 1948-5182

11, Agency. CaCl Midale East = Synia [updated FEBRUARY 20, 2020. Aveilable
from: hitpssffennv ciagowibrand/publications/rescunces/the-wodid-
facibooc/geos/sy.niml,

12. Firdaus R, Saha K, Buwas A, Sadhukhan PC (2015) Current moiecular
et hads for the detection of hepatitis C virs inhigh nsk growp popala-
o 2 Systernatic review, World 1 Virol, 4(1):25-32

13 WS4, Zneng Y-X, Tian Z-W. Chen M-5,Tan H-Z (2018) Scoring systems
fige prediction of mortality in decompensated liver citthogie 3 meta-
analyss of 1esy accuracy. World Journal of Clindcal Cases. 6{15):595-1005

14, Sulkowsid M5 (2003) Anemia in the treatment of hepatitis C wrus infec-
tigen. Climical Infecricus Diseases. 37(s4)5315-5522

15. Afanal M, Zeuzem S, Ko P Chojkier B, Githin N, Puoti M et al [2014)
Ledipasvir and sofoshuvir for entreated HOY genotype 1 infection. Mew
England Journal of Medicine. 370(201:1839-1898

16, Perreira VL, Assis Jarek WA, Tonin FS, Barba HHL, Weens A, Muzzillo DA et al

(201 7 Ledipasvir/sofosbuvit with or without ribavirin for the teatmen
of ehigniz hapatitis € genotype 1: 2 painvise meta-analysis. Joums) of
Ganroenterology end Hepatoiogy. 32{4k749-755

7. Ledipgsvinisofesbuyir (Harand: for the treatment of crenic hepatitis

C wirus [CH0) G infection in aduits [internet]. Otz (ON): Canadian
Agency for Drugs and Technologies in Haalth: 2085, httpssferresncil,
i g o ook NEX 362645/



15

Resuming post living donor liver
transplantation in the COVID-19
pandemic: real-life experience, single-
center experience

Abeer Awad Abdellatif' " ®, Mohamad Sherif Mogawer', Mostafa El- Shazli®, Hanaa El-Karaksy®, Ayman Salah?,
Amany Abdel-Magsod', Mona El-Amir', Mohamed Said*, Naglaa Zayed®, Karim Hosny?®, Hadeel Gamal Eldeen®,
Ayman M. A. Osman’, Doaa A. Mansour?, Ahmed Nabil?, Ahmed Abdel-Ghani', Engy A. Mogahed? and

Noha A, Yasin®

Abstract
Background: Solid organ transplantation (SOT) service has been disrupted during the current coronavirus disease
2019 (COVID-19) pandemic, which deferred the service in most centers worldwide. As the pandemic persists, there
will be an urgency to identify the best and safest practices for resuming activities as areas re-open, Resuming activ-
ity is a difficult issue, in particular, the decision of reopening after a period of slowing down or complete cessation of
activities.
Objectives: To share our experience in resuming living donor liver transplantation (LDLT) in the context of the
COVID-19 pandemic in the Liver Transplantation Unit of El-Manial Specialized Hospital, Cairo University, Egypt. and to
review the obstacles that we have faced.
Material and methods: This study is a single-center study. We resumed LDLT by the 26th of August 2020 after a
period of closure from the 1st of March 2020. We have taken a lot of steps in order to prevent COVID-19 transmission
among transplant patients and healthcare workers (HCWs).
Results: In our study, we reported three LDLT recipients, once resuming the transplantation till now. All our recipients
and donaors tested negative for SARS-CoV-2 by nasopharyngeal RT-PCR a day befare the transplantation. Unfortu-
nately, one of them developed COVID-19 infection. We managed rapidly to isolate him in a single room, restricting
one team of HCWs to deal with him with strict personal protective measures. Finally, the patient improved and was
discharged in a good condition. The second patient ran a smooth course apart from FK neurotoxicity which improved
with proper management. The third patient experienced a sharp rise in bilirubin and transaminases on day 14 that
was attributed to drug toxicity vs. rejection and managed by discontinuing the offending drugs and pulse steroids. In
addition, ane of our head nurses tested positive for SARS-CoV-2 that was manageable with self-isolation.

Conclusion: Careful patient, donor, personnel screening is mandatory. Adequate supply of personal protective
equipments, effective infection control policies, and appropriate administrative medifications are needed for a safe
return of LDLT practice.
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Hepatogastroenterclogy, Liver Transgplantation Uni, Internal Medicine
Department, Kase Al-fini Hospltals. Cairo University, Kasr Al-Aini Street,
Caira PCr 11451, Egypi
Full list of authoe information is available a1 the end of the article



130

Hepaltology and Transplant Hepatology: A Case-Based Approach

[ Keywords: COVID-19, Egypt, Liver transplantation, Single-center experience

Introduction

Since December 2019, the whole world suffers from a
novel coronavirus named severe acute respiratory syn-
drome coronavirus-2 {SARS-CoV-2) that was declared
by the World Health Organization (WHO) as a global
pandemic on March 11, 2020; since then, the entire
health care environment, especially liver transplant
(LT) services, has been affected worldwide [1].

Solid organ transplantation (SOT) is facing many
challenges that have been created during the COVID-
19 pandemic. Therefore, service provision, restrue-
turing outpatient care, careful screening, donor and
recipient selection, and performing LT with limited
resources should be redesigned in the post-COVID era
12].

As the pandemic persists, there will be an urgency
to identify the best and safest practices for resuming
activities as areas re-open. In particular, the decision
about resuming SOT remains the most challenging [3].

Indeed, the limitation of data and the highly dynamic
COVID-19 pandemic makes a high challenge to weigh
the risks and benefits of resuming the SOT amidst
fluctuating SARS-CoV-2 community transmission [3].

Owing to the long-term immunosuppressive drugs
that LT recipients are exposed to, they may be more
susceptible to severe COVID-19 infection with a worse
prognosis when compared with the general popula-
tion. The decision to defer the SOT or not, during this
pandemic, is still debatable among many countries
especially with the continuing increase in the number
of COVID patients in those countries [4].

Many centers suggested that transplantation should
be deferred, while others recommended performing
transplantation under strict infection precautions and
after careful risk assessments. Moreover, the decision
should rely upon certain considerations, as center
capability regarding the availability of beds in the
intensive care wunit (ICU), ventilators, and available
donated blood [5].

There are still limited published data on the experi-
ence with SOT during the COVID-19 era.

Aim of the work

To share our experience in resuming living donor liver
transplantation (LDLT) in the context of the COVID-
19 pandemic in the Liver Transplantation Unit of El-
Manial Specialized Hospital, Cairo University, Egypt,
and to report the obstacles we faced.

Methodology

This study is a single-center study. Oral and written
informed consents were obtained from the patients or
from their eligible relatives.

We resumed the LDLT program in our unit at El-
Manial Specialized Hospital, Cairo University, by the
26th of August 2020 after a period of closure from the
1st of March 2020. We planned to transplant one case
every 21 days to ensure the best quality of service as
well as patients’ safety.

We have taken a lot of steps in order to prevent
COVID-19 transmission among transplant patients and
healthcare workers (HCWSs) as working in small sub-
groups and segregating the teams taking care of immedi-
ate post-LT patients from pre-LT patients and from other
patients. All organ donor teams, transplant providers,
and support staff were aware of this risk and have taken
appropriate respiratory contact precautions. Qur trans-
plant team members were divided into 4 teams which
allowed the continuation of services if any team mem-
ber became exposed to, or infected with COVID-19.
We emphasized to our post-transplant patients about
preventive measures that should be followed such as fre-
quent hand washing, cleaning frequently touched sur-
faces, staying away from large crowds, staying away from
individuals who are ill, and refraining from travel during
this pandemic. Periodical training and auditing were held
by the infection control team to ensure the continuous
awareness with the strict infection precautions, proper
donning and doffing of personal protective equipment
(PPE), and also to observe that these measures were fol-
lowed strictly by all the HCWSs.

Measures to minimize infection risk included main-
taining physical distance (1-2 m), washing hands fre-
quently (at least 20 s with soap), minimum hospital visits
after transplant and regularly disinfecting surfaces, avoid-
ing hand-face contact as much as possible, and avoiding
close contact with patients and if contact is unavoidable,
the use of an N95 mask and full PPE was emphasized. All
HCWs had to wear (at a minimum) a surgical mask in all
clinical settings even in regular staff meetings.

All the patients (recipient and donor) were subjected
to thorough history taking for the presence of fever or
respiratory symptoms, as well as contact and travel his-
tory. Lastly, a COVID-19 test was performed as a final
step Lo exclude asymptomatic COVID-19 infection
before proceeding to surgery.

During the transplantation surgery and because the
donor and recipient were negative for COVID-19, the



Resuming post living donor liver transplantation in the COVID-18 pandemic: real-life. .

surgeons did not require additional use of protective
wear. However, during aerosol-generating procedures
like intubation and extubation, the anesthesiologists
were wearing full PPE.

Recipients were nursed strictly in a single room with
only one team of nurses till discharge while applying
strict standard and droplets precautions. They were mon-
itored closely for the development of infective symptoms
and tested for COVID-19 promptly if any symptoms were
reported.

Furthermore, we tried to minimize the number of staff
contact with the transplanted patient as possible and all
non-essential contact was minimized. Periodic testing
of HCWs was performed regularly (twice per month)
by nasopharyngeal RT-PCR. Active surveillance was
ensured in order to prevent viral spread among HCWs.

Results

First of all, before starting the transplantation process,
a key point was Lo consider the availability of operating
theater, medical staff members, and ICU beds, as these
resources may be diverted to the care of patients with
COVID-19,

All patients, donors, and personnel were provided with
surgical masks and supplies to perform hand hygiene at
the entrance of the transplant unit. Before transplanta-
tion, both living donors and recipients underwent naso-
pharyngeal swabs for SARS-CoV-2 by RT-PCR, as well as
chest computed tomography (CT) scans the day before
the transplantation. Only donors and recipients who
tested negative were eligible for transplantation. Sus-
pected or confirmed COVID-19 patients were eliminated
from the donation/transplantation process.

High-performance PPE, ie., an N95 or FFP2/FFP3 res-
pirator, a hairnet, a double pair of gloves, a disposable
waterproof surgical gown, a face shield or goggles, and
work safety clogs all are supplied to all medical staff and
HCWs who get in direct contact with the transplanted
patient.

From the 26th of August, we transplanted three
patients. All our recipients and donors tested negative
for SARS-CoV-2 by nasopharyngeal RT-PCR a day before
the transplantation. The first one was a 2.5-year-old child
who underwent LDLT for Crigler—Najjar syndrome type
| on 26/8/2020. His donor was his 35-year-old father who
was medically free. On day 8 post-transplant the patient
started to develop fever reaching 38.5°C. Abdominal
ultrasound revealed 300 cc of clear appearing subphrenic
collection secondary to a minimal biliary leak, for which
a pigtail was inserted guided by ultrasonography. Culture
and sensitivity of the drained fluid revealed no bacte-
rial growth, Few days later the collection totally resolved
while a low-grade fever persisted. On day 11, the patient
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developed high-grade fever (40°C), tachycardia (130 b/
min), and tachypnea (RR=30) for which he was readmit-
ted to the ICU, a nasopharyngeal swab for SARS-CoV-2
was done by RT-PCR and proved positive; CT chest was
normal. We managed rapidly by isolating him in a single
room, restricting one team of HCWSs to deal with him
with strict personal protective measures. Supportive
treatment was described, fever resolved and the patient
ran a smooth course after that {Table 1).

The second patient was a 33-year-old male patient who
underwent LDLT at 27/9/2020 for cryptogenic liver cir-
rhosis, repeated attacks of spontaneous bacterial peri-
tonitis (SBP), MELD 23, CHILD 11, the patient was not
diabetic or hypertensive, his donor was his 37-year-old-
brother who was medically free. On day 5 post-trans-
plantation, the patient developed agitation which was
considered most likely to be Tacrolimus neurotoxic-
ity (he was on 2 mg orally twice daily; trough level was
2.6 ng/ml). Tacrolimus was discontinued together with
maodification of his immunosuppression regimen result-
ing in marvelous improvement, followed by complete
resolution of his agitation. The patient was maintained on
prednisone 20 mg orally twice daily and mycophenolate
mofetil 1500 mg orally twice daily. He is doing fine till the
time of writing the manuscript ( Table 2).

Table 1 Laboratory findings of the first patient

Date Day 1 post- On discharge Mermal value
transplant

T s B.1 a4=11 x 10%mm?

Lymphocyte 128 50 20-45

Hb 12 96 12-15 g/d

PLT 126 382 150450 = 1071

CRP 296 % Upto 5 mag/l

Urea 30 18 7-50g/dl

Creatinine Qs 03 0.60-1.30 mg/dl

Ma 137 136 136-145 mmalA

K 4.1 42 31.5=5.1 mmaolfi

AST 1104 70 Upto 32 uw

ALT 1029 39 Upito 35w

Alburmin iB 2B 35-52g/d!

T. Bilirubin 5 06 0.3-1.2 mg/dl

D, Bilirubin 25 018 0.1-0.3 mg/dl

GGT 7 221 Upto35un

ALP 3z 398 J0=-120 A

PC% 35 B6 100%

IR 22 1.1 1

TLC tetal leucocytic count, Hb hemoglobin, PLT platelet count, CRP C-reactive
pratein, No sodium, K potassium, AST aspartate transaminase, ALT alanine
transarminase, T. Bilirubin total bilirubin, O Bilirubin ditect bilirubin, GGT
gamma-glutamiyd transferase, ALP alkaline phosphatase, PC% prothrombin
concentration, INR international normalized ratio
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Table 2 Laboratory findings of the second patient
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Table 3 Laboratory indings of the third patient

Date Day 1 post- On discharge Mormal value Date Day 1 post- On discharge Mormal value
transplant transplant

no Tl 87 4-11 x 10%emm TLC 95 32 4-11 x 10%cmm

Lymphocyte 1050 1110 20-45 Lymphocyte 1 i1g 20-45

Hb al 82 12-15 g/dl Hb 9 as 12-15 g/dl

PLT 26 276 150-450 = 10°4, FLT 87 59 150-450 = 10%/L

CRP 5 43 Up 1o 5 mg/l CRP 108 48 Up to 5 mg/

Urea 175 62 7-50 g/dl Urea 56 48 7=50g/dl

Creatining 13 1 0.60=1.30 mo/dl Creatining 06 06 0.50-1.30 mg/dl

Ma 139 133 136-145 mmol/l Ma 136 136 136-145 mmod/]

K 42 43 35-51 mmal/ K 44 42 3.5-5.1 mmol/]

AST 9 32 Uprto 32 uf AST 264 40 Upto 32w/

ALT 17 a Upto 35wl ALT a7 203 Up 1o 35w/l

Aloumin 24 3 35-52 g/dl Alburmin 32 as 35-52q9/dl

T, Bilirubin 15 11 0.3-1.2 mgfdl T, Bilirubin 134 7 0 3-1.2 mg/d|

. Bilirubin 1.1 045 0.1=0.3 mg/dL D. Bilirulbin 1 44 0.1=0.3 mg/dl

GGT 5B 173 Upto 35w GGT | 341 Upto 35 ui

ALF 50 127 30-120w AP B35 216 30-120uA

FC% 9% 5% 10006 PCO% 29 it 1009%

INR 1.12 13 | INR 25 1.26 1

TLC total leucacytic caunt, Hb hemaglabin, PLT plateler count, CRP C-reactive
protein, No sodium, K potassium, AST aspartate transaminase, ALT alanine
transaminase, T, Bilirubin votal bilirubin, . Silirubin direct bilirubin, GGT
gamma-glutamyl transferase, ALP alkaline phosphatase, PO% prothrombin
concentration, INR international normalized ratio

The third one was a 10-year-old female patient, who
underwent LDLT on 14/10/2020. She had biliary atresia
and underwent a Kasai porto-enterostomy at the age of
2 months. Her donor was her 32-year-old mother who
was medically free. On day 14, the patient developed
sudden onset of deep jaundice with steep rise in liver
enzymes. These changes were attributed to drug tox-
icity (sulphamethoxazole-trimethoprim/fluconazole/
amoxacillin-clavulanate) vs. rejection. All suspected
medications were discontinued and pulse steroid (sol-
umedrol 10 mg/kg) was administered in a single daily
dose for 3 successive days with improvement in total
bilirubin and transaminases; steroids were changed
to oral form (30 mg/day) with gradual withdrawal
(Table 3).

All our donors did well and were discharged by day 3
post-transplant.

Before discharge, all our patients were instructed to fol-
low strict social distancing, facial masks wearing, hand
washing, and self-isolation measures.

Despite all these measures, one of our head nurses
developed one attack of fever reaching 38 °C with bony
pain and headache, nasopharyngeal swab tested positive
for SARS-CoV-2 and was managed with self-isolation
only.

TLC total leucocytic count, Hb hemoglobin, LT platelet count, CRP C-reactive
protein, Na sodium, K potassium, AST aspartate transaminase, ALT alanine
trangsarminase, T. Bilirubin total bilirubin, 0. Bilirubin direct bilinubin, GGT
gamma-glutarmyl transferase, ALP alkaline phosphatase, PC% prothrombin
concentration, WA International normalized ratio

During our early cases following reopening, we have
faced the increased financial burden of transplantation
including the shortage of PPE. A major problem we have
faced was the difficulty to trace the source COVID-19
infections, as this requires an additional budget, to per-
form testing for all HCWs who got in contact with the
patient.

Discussion

All healthcare delivery services were significantly dis-
rupted by the global pandemic of COVID-19 [6]. Surely,
SOT patients are the most vulnerable group subjected
to severe infection, morbidity, and mortality. They also
require a high level of care through pre-transplant evalu-
ation, transplant surgery, and post-transplant manage-
ment [6, 7).

Most of the organ transplantation centers worldwide
have postponed all elective organ transplantation, and
now we are in the process of resuming 5OT. COVID-19
pandemic has created unprecedented circumstances and
unique challenges for resuming SOT worldwide. Being a
highly dynamic pandemic, our understanding continues
to evolve. It remains difficult to provide strong unique
recommendations given the paucity of robust data to
inform guidance.
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Being on immunosuppressive medications, the post-
transplant patients are considered at high risk for
COVID-19 infection, therefore with reopening care,
every effort should be taken to protect them from expo-
sure to the virus [6].

In order to prevent possible patient-to-patient and
patient-to-personnel transmission, several aspects
should be systematically taken into account. Overcrowd-
ing should be always avoided and an adequate air change
per hour should be maintained [8].

Many transplant centers worldwide developed a
COVID-19 donor and recipient clinical screening pro-
grams such as Canada, Switzerland, Italy, and Spain.
Accordingly, the Japanese Society for Transplanta-
tion established a recommendation to screen donors
for significant exposure to COVID-19, travel history to
high-risk countries, and symptoms including fever and
respiratory symptoms together with home or hospital
isolation for 14 days prior to intervention in order to
avoid COVID-19 exposure for both lung and liver living
donors, in cases where transplantation can be postponed
for 14 days. Also, the Korean Society for Transplanta-
tion published their recommendation on March 13, 2020,
for testing both living and deceased donors for SARS-
CoV-2 by a nasopharyngeal swab prior to appointment.
However, there is still variation in approach to donation
between different countries according to the burden of
COVID-19 infection and availability of service resources
[9].

Preventative strategies and social distancing measures
should be reinforced in living donors, especially within
14 days prior to organ donation. Moreover, a high-risk
living donor is either because of COVID-19 symptoms
or exposure, postponement of organ donation for at least
28 days is a must. American Society of Transplantation
recommends delaying the transplant for at least 14 days
if the donor is of intermediate risk for COVID-19 such
as those with exposure but no symptoms [10], the donor
with resolved symptoms more than 28 days prior to
organ donation, and with negative testing repeatedly with
at least 24 h apart [10].

The aim of this article was te share our experience
in resuming the LDLT program in the context of the
COVID-19 pandemic and to report the obstacles that
faced us.

In our study we reported three LDLT recipients once
resuming the transplantation; unfortunately, one of
them developed COVID-19 infection. We managed by
isolating him in a single room, restricting one team of
HCWs to deal with him with full PPE supplies. Finally,
the patient improved and was discharged in a reason-
able condition. The second patient ran a smooth course
apart from FK neurotoxicity that was managed properly.
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The third patient experienced a sharp rise in bilirubin
and transaminases on day 14 that was attributed to drug
toxicity vs. rejection and managed by discontinuing the
offending drugs and pulse steroids.

Unfortunately, we were unable to trace the source of
COVID-19 infection in our first case, due to the lack
of accessibility of performing the test to all HCWs. As
for most centers, we are also facing the problem of the
increased financial burden of transplantation including
and the shortage of PPE.

There are no best practices in a pandemic; therefore,
managing best practices in a pandemic requires bold
decisions and frequent reassessment of rationales [11].

In Wuhan, the COVID-19 pandemic greatly slowed
and then stopped organ donation and transplantation,
but the decrease in the number of infections has allowed
hospitals in Wuhan to carefully resume deceased donor
organ donation and transplantation [12].

COVID-19 infection was reported in a 55-month-old
girl, 5 months after undergoing liver transplantation; she
recovered completely despite the high level of received
immunosuppression [13]. Another case report, records
living liver donation from a COVID-19 infected donor,
the donor was apparently healthy with mild symptoms;
lopinavir plus ritonavir were started to the recipient then
shifted to hydroxychloroquine due to drug-drug interac-
tion. Fortunately, the result of the serial COVID-19 RT-
PCR test via both nasopharyngeal swab and serum was
negative. Further information on the pathogenesis and
transmissibility of COVID-19 in organ transplantation is
still required [14].

Hyo-Lim Hong et al. [14] and Stephen Lagana et al.
[15] have reported 2 cases of donor-derived transmission
of COVID-19; therefore, a strategy is needed to prevent
donor-derived transmission from all potential asympto-
matic carriers.

In Italy, out of 17 liver transplanted patients, 2 devel-
oped COVID-19 on postoperative days 9 and 22 [16]. On
the contrary, a center in China, among six liver trans-
plants performed during COVID-19, no complications
were reported [17].

It is still confusing whether the infection source is
nosocomial, donor-derived, or just delayed diagnosis of
asymptomatic recipients.

Hence, the recommendations for transplantation from
donors diagnosed with COVID-19 are prudent, so it is
of utmost importance to screen donors for COVID-19
by epidemiological investigations and clinical history
for suspected COVID-19 as well as PCR within 3 days of
procurement and CT, when feasible [18].

Currently, many SOT centers across the world recom-
mend using CT to screen asymptomatic living donors
for COVID-19 in the preoperative evaluation process;
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however, the American Society of Transplantation is
against this issue [6].

For the exclusion of asymptomatic infection in
donors, most of the centers have already adopted real-
time-PCR and CT scan screening along with serology.
However, without complete isolation of the transplant
process from cross-contamination and the capabil-
ity for identification of all asymptomatic COVID-19
patients, the levels of transplantation will not reach
their baseline level as it was in the pre-COVID-19 era
[6].

Indeed, all the reopening measures should be consid-
ered in the context of the pandemic where the possibility
of a second peak or even further peaks is still possible.

Furthermore, every effort should be made to maintain
one full set of transplant armamentaria in a COVID-19
area, when still in place, in order to perform all SOT in an
isolated clean environment with minimization of the risk
of COVID-19 transmission.

Finally, strategic planning and coordination will be
needed to ensure the robust enrolment of SOT patients
in ongoing clinical trials once routine care in the COVID-
19 era is reopened.

Conclusion

In this context during the COVID-19 pandemic, resum-
ing transplantation under the umbrella of established
infection control measures is a must. The pandemic has
highlighted the utmost importance of working as a team
and to share knowledge and experience for the benefit of
patients. Indeed, many kinds of research for COVID-19
infection whether regarding outcomes, predictive diag-
nostics, and management strategies including the opti-
mal approach for resuming SOT are largely needed.

Recommendations

+ We recommend COVID-19 screening for both recip-
ient and donor prior to transplantation.

+ We recommend ensuring the availability of ICU
beds, ventilators, and available donated blood prior
to transplantation.

+ We recommend strict prevention measures for post-
transplant patients including frequent handwashing,
cleaning frequently touched surfaces, staying away
from large crowds, staying away from individuals
who are ill, and not to travel during this pandemic.

+ Reopening is considered in the context of the possi-
bility of a second peak pandemic.
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Potential relation between non-
alcoholic fatty liver disease

and glycemic and metabolic parameters
in subjects without diabetes

H. Naguib' @ and H. Kassab?

Abstract

factors of NAFLD arnong those individuals.

with AUC = 0.665, 95% CI 0.581-0.750.

| fatty liver disease

Background: Nonalcoholic fatty liver disease (MAFLD) is proved to be related to insulin resistance and type 2 dia-
betes, and it is also not rare in individuals without diabetes. The present study attempts to identify the metabolic risk

Results: ALT and HbAlc levels were independently associated with NAFLD development in individuals without
diabetes. Receiver operating characteristic (ROC) analysis identified the optimal cutoff paint of ALT (= 191U/ml) with
AUC=0.731, 95% Cl 0.653-0.809. On the other hand, the optimal cutoff point of HbA1c was identified to be >5.1%

Conclusions: Early identification of NAFLD among subjects without diabetes is crucial. In this study, ALT and HbA1c
cutoff values had been identified, so we suggest that inclusion of both HbA 1¢ and ALT levels may have significant
implications for prediction of MAFLD among individuals without diabetes

Keywords: Insulin resistance, Triglycerides to high-density lipoprotein ratio, Glycosylated hemoglobin, Nonalcoholic

Background

Nonalcoholic fatty liver disease (MAFLD) became a
major epidemiological burden worldwide with a pre-
dictable global occurrence of 20-30% [1]. It includes a
considerable variety of illnesses ranging from hepatic
inflammation to fibrosis, cirrhosis, and/or liver cancer.
Moreover, NAFLD is at present the most common cause
of elevated liver enzymes [2]. The association between
MAFLD, diabetes, and obesity owing to insulin resistance
(IR) has been well proven [3, 4]. Glycosylated hemoglobin
(HbAlc) is one of the advanced glycation end-preducts
(AGEs), resulting from non-enzymatic glycation of
hemoglobin. The level of HbAlc reflects the duration and

S

severity of hyperglycemia in diabetic and non-diabetic
individuals [5]. Although earlier studies showed a link
between HbAlc level and the prevalence of NAFLD [6,
7], their relationship is not yet well-established especially
among individuals without diabetes. Dyslipidemia is a
well-known influence factor of NAFLD [8, 9]. It has been
reported in 20 to 80% of NAFLD cases [10]. Recent study
showed the link between NAFLD and premature cardio-
vascular disease through atherogenic dyslipidemia which
comes from IR [11]. Triglyceride to high-density lipopro-
tein ratio (TG/HDL-C) has been validated as a predictive
indicator for IR, type 2 diabetes, cardiovascular disease,
and hypertension [12-14]. TG/HDL-C is supposed to
be associated with incident NAFLD [15]. To the best of
our knowledge, studies focusing specifically on NAFLD
among individuals without diabetes in the general popu-
lation are limited [7, 16, 17]. Therefore, we aimed to eval-
uate their unigue metabolic characteristics and to reveal
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the independent factors associated with NAFLD among
those individuals.

Methods

Study design and participant’s selection

This is a case control study included 178 participants
without diabetes recruited from Hepatology outpa-
tient clinic in Alexandria Main University Hospital. We
excluded patients with alcohel consumption, viral, auto-
immune, neoplastic, or hereditary liver diseases, thy-
rotoxicosis or hypothyroidism, fasting plasma glucose
(FPG) concentration = 126 mg/dl or HbAlc = 6.5%, and
hemoglobin less than 12g/dl.

Sample size

Sample size was calculated based on previous literature
[18]; an expected difference of average HbAlc between
NAFLD and the control group is 0.2, and the standard
deviation is 0.3. Using the level of confidence of 95%
(alpha=0.05) and power of 90 (beta=0.10) and alloca-
tion of 1:2, the minimal sample size required to reject the
null hypothesis is 50 in the NAFLD group and 100 in the
control group. We targeted 53 participants with NAFLD
and 125 age and sex matched control subjects to com-
pensate the missing data.

Clinical and biochemical data

All participants were subjected to clinical examination
including blood pressure, weight (W), standing height
(Ht), and waist circumference (WC) measurements, WC
was measured according to the WHO recommenda-
tion at the end of normal expiration from the midpoint
between highest point of the iliac crest and lowest point
of the costal margin. Body mass index (BMI) was calcu-
lated as body Wt (kg) divided by body Ht squared (m?).
Overnight fasting blood samples were obtained from the
antecubital vein for complete blood count, ALT, AST,
total cholesterol (TC), triglycerides (TG), high-density
lipoprotein (HDL-C), low-density lipoprotein (LDL-C),
fasting insulin, plasma glucose, and HbAlc analysis. TG/
HDL-C ratio was calculated by dividing serum TG level
by serum HDL-C level. The Homeostasis Model Assess-
ment 2 (HOMAZ2) caleulator was used to estimate insulin
resistance (HOMA-IR) according to the updated com-
puter based HOMA2 mode [19].

Abdominal ultrasound examination

Abdominal ultrasonography was carried out by an expert
radiologist. NAFLD was defined by the presence of at
least two of four sonographic criteria: diffuse hyper-
echoic echo-texture (bright liver), increased echo-texture
compared with the kidneys, vascular blurring, and deep
attenuation [20].
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Ethical statement

The study was performed in alignment with revised
Declaration of Helsinki (2013) and with Good Clini-
cal Practice guidelines. Our study was approved by the
Ethical Committee of Faculty of Medicine, Alexandria
University (IRB No. 0304901). Informed consent was
obtained from all subjects included in the study.

Statistical analysis

Analysis was done using SP55 20.0. Chi-square test was
used to compare between groups for categorical vari-
ables. Student ¢ test was used to compare two groups
for normally distributed gquantitative variables, while
Mann-Whitney test was used to compare between two
groups for not normally distributed quantitative vari-
ables. Logistic regression (univariate and multivariate)
was used to analyze factors associated with NAFLD.
Receiver operating characteristic curve (ROC) is plot-
ted to predict the role of HbAlc in identifying NAFLD
among subjects without diabetes. It showed the per-
formance of the cutoff point in terms of sensitivity ver-
sus 1-specificity. The area under the curve (AUC) is an
estimate of the accurateness of cutoff point. Area more
than 50% gives acceptable performance. P value less
than 5% level is considered significant.

Results

Baseline characteristics of participants are shown in
Table 1. The NAFLD group has significantly higher
BMI, WC, HbAlc, ALT, and GGT than the control
group. Regarding lipid profile, total cholesterol, LDL-
C, and TG/HDL-C ratio were significantly higher in
MNAFLD group than the control group (Table 1). Logis-
tic regression analysis was used to evaluate the risk fac-
tors for NAFLD in subjects without diabetes. Eighteen
variables were included into the analysis (Table 2). Our
results showed that HOMA-IR, ALT, BMI, HbAlc,
total cholesterol, LDL-C, and TG/HDL-C ratio were
significantly associated with the risk of NAFLD. Upon
them, ALT and HbAlc levels were independently asso-
ciated with NAFLD development after performing the
multivariate analysis. Receiver operating characteristic
(ROC) analysis was plotted to study the ability of ALT
level and HbAlc level for discrimination between those
with and without NAFLD among non-diabetic indi-
viduals. The analysis identified the optimal cutoff point
of ALT to be >191U/ml. The corresponding sensitiv-
ity was 73.58%, specificity was 60.80%, and area under
the curve was 0.731 (95% CI 0.653-0.809) (Fig. 1). On
the other hand, the optimal cutoff point of HbAlc was
identified to be >5.1% with corresponding sensitivity
and specificity being 79.25% and 41.60%, respectively.
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Table 1 Comparison between the two studied groups according to different parameters

Group | (n=53) Group Il (n=125) Test of sig. P
Mean =+ SD. Mean = 5D.

Age (years) S072£424 5117 I=0443 0658
Sex: number (36)

Male 23 (43.4%) 74 (59.2%) r=3749 0053

Fernale 30 (56.6%) S1 (40.8%)
Hemoglobin (g/dl) 133412 135+=09 I=1290 0.201
Albumin (g/dl) 45205 4552045 1=10024 0981
Diastolic BP (mmHg) 178965 TBBLSE =05901 0.370
Systolic BP (mmHg) 1203£113 12189+£117 I=0853 03595
Fasting plasma glucose (mg/dl) BB2%72 882412 t=0Mm2 0,990
Fasting insulin (IU/ml) 102980 106£75 U=33050 0.981
HOMA-IR 2342 17414 U=27550 0076
ALT (luL) 03122 211 £104 U=17820" <0001*
AST [IUFL) 5884 238&5) U=25950 o3n
GGT (UL} 437157 155436 U=170" <0.001*
BMI (kg/m?) 287145 271+43 r=2280" 0024*
HbBATE (%) 5504 5205 U=22170° <Q001*
Triglycerides (mg/dl) 127743340 120584303 U=28480 0.13%
Total cholesterol (mg/dl) 1B92+214 1718+ 311 [=3733" <00m*
HOL (mg/dl) 4981103 S5x127 [=0873 0384
LDL (mg/di) 1153235 931£239 1=5685" <0001*
Waist circumference (cm) 1108=135 94382 1=8292* <0.001*
TG/HDL 2710 2654201 U =26665" 0.040*

Table 2 Univariate and multivariate logistic regression analysis for the parameters affecting the NAFLD group
NAFLD group Univariate

*Multivariate

[ OR (95%C.1) P OR (95%C.1)

Age (years) 0.713 0990 (D941=1.043)
Sex 0.054 1893 (0988-3.625)

Hemoglobin 0.149 0779 (0.555-1.0%4)

Albumin 0.980 0991 (0.497-1.978)

Diastolic blood pressure 0.344 0974 (0.923-1.028)

Systolic blood pressure 0.393 0528 (0.961-1.015)

Fasting blood glucose 0.992 1000 (0971-1.030)

Fasting insulin 0.862 1.004 (0.963-1.046)

HOMA-IR 0.035" 1.229(1.015~1.489) 0,187 1.172 (0.926-1.484)
ALT <0.001* 1.070(1.039-1.102) <0.001° 1,085 (1.046-1.125)
AST 0.057 1,045 (0959-1.102)

BMI (kg/m?) 0.026% 1085 (1.010-1 167) 0.306 1.050 (0956-1.152)
HbAlC <0.001° 7.194 (2. 759-18.758) 0.002* 7.110(2.102-24.052)
Triglycerides 0.236 1.005 (0997-1.013)

Total cholesteral 0.001* 1024 (1010-1037) 0.675 1.006 (0.979=1.033)
HDL 0.382 0988 (0563-1015)

LoL <0.001" 1041 (1.024-1.058) 0.281 1.020 (0.984-1.057)
TG/HDL (»2.23) 0.037* 2004 (1.041-3.855) 0.622 1.262 {0.500-3.185)

OR Cdd's ratle, C.f Confidence interval, B Body mass index

* Al varigbles with P < 0.05 were included in the multivariate analysls
*Statistlcally significant a1 P = 005



Potential relation between non-alcoholic fatty liver disease and glycemic and metabolic parameters.., 138
p e
[ 100 F ] 100 -
90 F 90 F |
L o |
80 F B0
- , ;s
70 F 70 F
2 60| 2 B 60F I
| & .k b |2 F |
2 sof g 50 |
| 8 - ! = B
T - P = - |
“ o “ aF !
B | o H
30F 30 - |
] 20 F
= g | o
i 10F ) - | 10 F |
| TP P
: u r.,.l...r...!...l..gl..|lH.I....,I.,.]..-.I L] _|_|.-|-1-I|-1I|||1|.||||.a.|.!.a.a.-|---'r-i-l'ril'
' 0 10 20 30 40 50 &0 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
| 100-Specificity 100-Specificity
I Fig. 1 ROC curve for ALT 1o diagnose MAFLD patients (n =53 vs. 125), Fig. 2 ROC curve for HbA e 1o diagnose NAFLD patients (n=753 vs.
| Cutoff value 191U/L, sensitivity 73.58%, specificity 60.80%, and area | 125). Cutoff point > 5.1%, sensitivity 79.25%, specificity 41.60%, and
| wnder the curve 0731 (95% CI 553-0.809) L area under the curve 0665 (95% CI 0.581-0.750)

The area under the curve was 0.665 (95% CI 0.581-
0.750) (Fig. 2).

Discussion
Due to the high occurrence and important medical
consequences of NAFLD, early diagnosis and interven-
tion are crucial for termination of progression and even
reversal of the disease [21]. Most NAFLD patients are
asymptomatic and usually identified when abnormal liver
studies particularly liver enzymes are noted. However,
these enzymes may not be elevated in all NAFLD cases
[22]. The present study showed that ALT is significantly
higher in NAFLD patients than non NAFLD. In addition,
our study revealed that the cutoff point of ALT > 191U/ml
can independently predict NAFLD development among
individuals without diabetes. Similarly, Wong et al. [23]
revealed that raising liver enzyme levels, chiefly ALT, may
predict incident diabetes and NAFLD. Similar observa-
tions were also obtained by a study among Montenegrin
population, found that ALT was independent predictor
for NAFLD but with a higher cutoff point of 22 1U/L [24].
These results are also consistent with that of Al Humayed
et al. [25] who identified that ALT is a predictor for
NAFLD with a threshold cutoff value of 22.1 nmol/L. Qur
lower ALT cutoff point might be explained by that the
present study was done among individuals without dia-
betes while the participants of other studies had diabetes.
HbAlc and HOMA-IR are considered screening tools
for insulin resistance [26]. The relationship between

NAFLD and insulin resistance is obscure. Previous stud-
ies declared that insulin resistance is a well-established
driver for NAFLD [27, 28], while another study showed
that presence of NAFLD is an important marker of multi-
organ insulin resistance [29]. The present study revealed
that HbAlc level was independently associated with
NAFLD in individuals without diabetes. These results are
consistent with that of Chen et al. [7] who confirmed an
association between the levels of HbAlc and NAFLD in
metabolically intact patients with HbAlc levels of 5.6%
or less. Similar results were obtained by Masroor et al.
[16]. Independent association of NAFLD with HbAlc
was also observed by Sharma et al. [17] who showed
hepatic gluconeogenesis derangement in non-diabetic
and non-obese subjects with NAFLD. Moreover, hemo-
globin glycation index showed its ability to identify the
non-diabetic individuals at risk of developing NAFLD
[30]. In addition, our study showed that insulin resist-
ance assessed by HOMA-IR is significantly positively
correlated with NAFLD. These results go hand in hand
with the findings of Bae et al. [31]. The question about
whether or not glycemic derangement is a spectator,
a cause, or a consequence of NAFLD is still unsettled.
This relationship might be explained by one of the fol-
lowing two mechanisms. The first one is that it impaired
hepatic lipid settling and increased oxidative stress in
liver cells, played a crucial role in the hepatic insulin
signaling, impaired insulin inhibition of hepatic glucose
production, and affected insulin sensitivity in muscle
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and adipose tissue resulting in insulin resistance [32].
The other possible mechanism is that the insulin resist-
ance plays an important role in NAFLD pathogenesis
by allowing storage of free fatty acids in the liver [33].
Recent study showed that the activation of receptor for
advanced glycation end products pathway (AGEs/RAGE)
triggers further inflammation and oxidative stress and
impairs insulin signaling and thus provokes the develop-
ment and progression of NAFLD [34].

Obesity represents an essential risk factor for NAFLD
development and progression, and weight loss can
improve lipid metabolism in the liver [35]. Our study
showed that high BMI is significantly associated with
NAFLD. These results go hand in hand with the find-
ings of Masroor et al. [16]. These findings can be also
explained by that obesity may lead to an imbalanced pro-
duction of pro- and anti-inflammatory adipokines, which
contributes to NAFLD development. The other justi-
fication is that obesity is usually associated with insulin
resistance and increase in HbAlc [36].

Deranged carbohydrate metabolism affects lipid
metabolism and results in increased production of TG
that deposits in various tissues including liver leading to
fatty liver [37]. One of main features of NAFLD is dys-
lipidemia including increased TG, increased LDL-C, and
decreased HDL-C [38].

In agreement with the results of the present study,
Fukuda et al. [39] found a significant positive correlation
between TG/HDL-C ratio and MAFLD, but on the other
hand, Fukuda et al. [39] and Fan et al. [15], in discordance
with the results of the current study, reported that TG/
HDL-C ratio was an independent predictor of NAFLD,
This difference could be attributed to the difference in
study population and the small sample size of the current
study compared to the other studies.

Though the relationship between TG/HDL-C and
NAFLD has not been fully deceded, insulin resistance is
a potential mediator. Compared with other lipid param-
eters, TG/HDL-C was declared to be strongly corre-
lated with insulin resistance [40]. Experimentally, insulin
resistance was shown to increase the secretion of TG
over-enriched VLDL particles and decrease the level
of HDL-C [41]. In conclusion, our results showed that
serum ALT and HbAlc levels were independently asso-
ciated with NAFLD in individuals without diabetes and
may be used as surrogates for NAFLD in this cohort.

Conclusions

Our study had some limitations that should be taken
into account. First, the diagnosis of NAFLD was per-
formed by ultrasonography. Although ultrasonography
is non-invasive, reasonably accurate, and widely used in
clinical practice and epidemiological studies of NAFLD,

Hepatology and Tranzplant Hepatology: A Case-Based Approach

it is not sensitive enough to identify mild steatosis. Sec-
ond, the detection of the degree of steatosis and fibrosis
in NAFLD patients by fibroscan is highly recommended
nowadays. Unfortunately, it was not performed in the
current study since it is expensive, needs special experts,
and is not available in our institute. Third, there were
no follow-up to confirm the results. Despite these study
limitations, our study was unique in describing the pre-
dictors connected to NAFLD among individuals without
diabetes in Alexandria, Egypt. Furthermore, this study
highlights that the inclusion of both HbAlc and ALT lev-
els may have significant clinical implications for predic-
tion of NAFLD in individuals without diabetes. Thus, we
suggest that individuals without diabetes with ALT val-
ues of >191U/ml and HbAlc>5.1% should be referred
for ultrasound examination for the possibility of NAFLD.
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Role of plasma von Willebrand factor
antigen in prediction of esophageal
varices in pediatric and adolescent
patients with portal hypertension

Lerine B. El Shazli', Dina A. Ragab? Karim A. Abdelhady® and Asmaa W, Abdelaziz'""®

Abstract

Background: Ruptured esophageal varices (EVs) are a leading cause of death in Portal hypertension (PHT), it has
been a big concern of research to screen EVs through non-invasive approaches. This study aimed to evaluate the role
of plasrma von Willebrand factor antigen (VWF-Ag) assay for early detection of EVs in patients with portal hyperten-
sion. This was a cross-sectional study, done on 47 portal hypertensive children and adolescents who were collected
from the Pediatrics Hepatology Clinic, Children Hospital, Ain Shams University. All patients were subjected to compre-
hensive history taking, thorough clinical examination, routine investigations, abdorminal ultrasound, upper Gl endos-
copy, and measurement of plasma VWF-Ag level. The patients were divided based on their endoscopic findings into
WO groups; a varices group which included 37 patients, and a non-varices group which included 10 patients.

Results: VWF-Ag rise significantly in patients with EVs, revealing a direct positive association with the degree of EVs.
Conclusion: The plasma VWF-Ag can be applied as a non-invasive evidence of the presence and grading of EVs.
Keywords: Portal hypertension, von Willebrand factor antigen, Esophageal varices

Background

Portal hypertension (PHT) is an extremely dangerous
consequence of liver cirrhosis with its effects, e.g., hepa-
torenal syndrome, hepatic encephalopathy, ascites, and
varices [1].

Ruptured esophageal varices (EVs) are a main cause
of mortality in patients with liver cirrhosis and 30% may
experience as a minimum one episode of variceal hemor-
rhage within a year of detection of varices [2].

So, searching for its markers is a matter to be consid-
ered carefully, as it might help in early detection, early
treatment, or prevention of the progression of the condi-
tion [3].

‘Conespondence: drasmaawafeeqagmad com

' Pedhatrics Departrment, Faculty of Medicing, Ain Shams University, Cag,
Egypt

Full list of author information is available at the end of the article

VYWF is a big multimeric protein with a vital function in
the hemostasis process, as proven by the serious hemor-
rhage tendency combined with entire VWF insufficiency
[4]; on the other hand, higher values of VWWF are linked
to thrombosis in arteries [5].

This work aimed to compare plasma VWF-Ag levels
between variceal and non-variceal groups to assess its
reliability as a predictor of varices presence, in addition,
to assess if plasma VWF-Ag in variceal cases directly cor-
relates with variceal grade.

Methods

This is a cross-sectional study that was conducted over 1
year, from December 2018 to December 2019, on pedi-
atric and adolescent patients diagnosed with portal
hypertension collected from hepatology clinic, Children
Hospital, ain Shams University.
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We included 47 portal hypertensive pediatric cases
(diagnosis was based on clinical, laboratory, and radio-
logical investigations) who were divided according to
endoscopic findings into two groups: (varices group:
which included 37 cases with EVs, and non-varices
group: which included 10 cases without EVs).

Patients older than 18 years, and those with disorders
of VWF as heart failure, renal failure, acute Infection
on time of sampling, diabetes mellitus., hypertension,
hyperlipidemia, malignancy, and patients on antico-
agulant or antiplatelet therapy therapy, patients with
active bleeding were excluded from the study. Written
informed consent from the care giver of the partici-
pants was attained before being engaged in the study
after getting approval from the Research Ethics Com-
mittee at the Faculty of Medicine.

Demographic data of the patients were recorded
including age and sex, they were examined for clini-
cal signs of liver disease and portal hypertension, size
of liver, spleen, and presence of ascites. Patients were
subjected to routine laboratory investigations including
complete blood count, liver enzyme: alanine transami-
nase (ALT), aspartate aminotransferase (AST), serum
alkaline phosphatase, albumin, bilirubin, international
normalized ratio (INR)). Child-Pugh classification was
used to classify the severity of liver disease [6].

Abdominal ultrasonography was done to detect size
of liver and spleen, presence of cirrhosis, portal vein
diameter [for children younger than 10 years, the nor-
mal diameter was 8.5 mm (% 2.7). For those whose age
between 10 and 20 years, the normal diameter was 10
mm (= 2)], and presence of collaterals [7]. Moderate
splenomegaly was considered if the largest dimension
was 11-20 cm and marked splenomegaly if the largest
dimension was more than 20 cm [8].

Upper GIT endoscopy was done using disinfected
upper gastrointestinal video scope (OLYMPUS model)
after good preparation of the patient. Patients were
advised to fast for at least 6 h before the upper endos-
copy. Complete evaluation of the esophagus, stomach
and the duodenum down to the second part of the
duodenum. Upper GIT endoscopy was performed in
all cases to detect and grade the presence of EVs, they
were graded according to the Japanese Research for
Portal Hypertension Classification System as follows:
grade (Gr) I: small EVs, Gr-1I: moderated sized varices
with slight obscuring of the gastroesophageal junc-
tion, Gr-11I: large varices displaying luminal prolapse
markedly obscuring the gastroesophageal junction and
Gr IV: very large EVs, entirely obscuring the gastroe-
sophageal junction and do not flattens on insufflation
[9]. Portal hypertensive gastropathy was detected and
categorized according to the classification proposed by

Hepatology and Transplant Hepatology: A Case-Based Approach

Tanoue and his associates [10] into mild, moderate, and
severe.

VWF-Ag measurement using VWF-Ag ELISAwWE:
Ag detection is a sandwich ELISA through subsequent
processes including dilution, incubation, washing,
and quantification. It runs on the automated VIDAS®
immunoanalyzers (VIDAS, Biomerieux, France).
Patient vWF Ag in comparative percent intensity is set-
tled alongside a curve based on the reference plasma
provided with the kit.

Data analysis

The collected data were coded, and analyzed using the
SPSS (Statistical Package for Social Sciences) version
22 for Windows® (IBM SPSS Inc., Chicago, IL, USA).
Qualitative data were signified as frequencies and rela-
tive percentages. The chi-square test (y2) was utilized
to determine the difference between qualitative vari-
ables as indicated. Continuous data were expressed as
mean £ SD or median (min-max).

. Independent samples ¢ test was used to compare
between two independent groups of normally distrib-
uted variables while Mann-Whitney U/ test was used for
non-normally distributed data. Comparison between
three or more groups with normally distributed quan-
titative data was performed using the one-way ANOVA
test. Pearson’s correlation was used to test the correla-
tion between two variables with parametric quantita-
tive data. The receiver operator characteristic (ROC)
curve was tested to calculate the diagnostic ability of
quantitative variable (Von Willebrand factor) in the
prediction of categorical outcome (varices). For all the
above-mentioned tests, the level of significance was
expressed as the probability of (p value) and the results
were explained as following: non-significant if the p
value is > 0.05, significant if the p value is < 0.05, highly
significant if the p value < 0.001.

Results

Demographic data

The mean age of the included cases was 8.5 and 7.5 years
in the non-varices and varices groups, respectively, 5ix
males and four females were included in the non-varices
group, whereas the other group had 27 males and 10
females. Both ages, gender, and duration of the disease
were statistically insignificant between the two groups,
most recruited patients have classified as class A Child-
Pugh score, with no significant difference between the
two study groups (p = 0.911). The variceal group was
receiving significantly higher doses of Inderal compared
to the non-variceal group (p = 0.001).
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Table 1 Analysis of laboratory parameters in the two groups
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Groups Test of significance F

No varices (N = 10) Warices (N = 37)
Tonal serurm bilirubin (gl 06 (02-6.3) 0.4 (0.0-B8) Zm=— 1503 0137
Hemoglobin (gmy/di) 089 4 1.05 956 £ 1.71 [ =0264 0527
WBCs (10%/m) 585 (4.3-9.1) 46(2-116) 7=-1209 0.231
PLTs{10%mi) 1595 (74-273) 105 (52-492) r=—0702 0497
ALT ) 29 (10-45) 19 (10-221) 2= = 0.247 0.808
AST (L) 45 5 (28-83) 41 {17=311) z=—10507 0612
Aloumin {g/dl) 37806 ITBE043 =000 0992
FTT N2 £541 3094 =737 I =0.109 0914
IMR 1.31 024 127 £0.25 [=0422 0575
Serum creatining (mg.d| 04 (0.1-08) 04 (0.1-08) 2= -0053 0529
Continuous data expressed as mean £ 50 or median (min-max)

F probability
T = independent samples ¢ tesy
Z = Mann-Whitney test

Laboratory parameters

CBC, liver functions, and renal functions were not sig-
nificantly different between the two groups (p > 0.05)
(Table 1).

Ultrasonographic findings

Liver size was not significantly different between the two
groups (p = 0.104). However, marked splenic enlarge-
ment was significantly more observed in the variceal
group (p < 0.001) (Table 2).

Endoscopic findings: In this study, variceal grades
among the variceal group were as follows; grade I
(13.5%), grade I (32.4%), grade III (37.8%), and grade IV
(16.2%). There was a significant difference between the
two groups regarding PHG (p = 0.035). Severe PHG was
detected more in the variceal group (35.1%) compared to
the non-varices group (10%) (Table 2).

Von Willebrand factor: VWF was significantly higher
in the variceal group compared to the non-variceal cases
(mean £ SD = 212.88 & 25.53 vs. 147.65 £ 16.90%-p <
0.001) (Fig. 1). It was evident that VWF level increased as
variceal grades increases (¢ = 0.003) (Fig. 2) with a strong
positive correlation between VWF levels and variceal
grade (p < 0.001) (Fig. 3). Using a cut-off value of 176.8%,
VWF showed sensitivity and specificity of 96 and 100%
respectively as a predictor of varices presence with a
diagnostic accuracy was 95% (Fig. 4).

Discussion

Ruptured EVs resulting from portal hypertension is
believed one of the main triggers of fatality in cirrhotic
patients and 30% of those patients will experience an
episode of variceal hemorrhage during the first year of

variceal diagnosis [11]. Various predictors for the EVs
presence with different levels of precision were weighed,
involving laboratory and radiological procedures [12].
Comparison between the two groups as regards
their demographic, Child score revealed no significant

Table 2 Analysis of US and endoscopic grading of portal vein
gastropathy findings in the two study groups

Groups Test of significance
No varices Varices (N
IN=10) =237}
Liver size by Us
Large 4  4¥p 21 56B% y2=2006
Maoderate % 4 108% F=0104
Mearmnal 5 40 12 324%
Spleen size by US
Markediyenlarged 2 20% 33 892% xy2=93352
Moderate enlarged 5 50% 3 Ba% P <0001°
Mormal 3 3% 1 2.7%
Endoscopic grading of portal vein gastropathy
Mild 7 0% 8 216% 2 =563
Moderate 7 0% 16 432% FP=0035"
Severg 1 1% 13 351%
Endoscopic grading of varices
Grade 1 - 5 135%
Grade 2 - 12 324%
Grade 3 - 14 378%
Grade 4 - <] 16.2%
Categorical data expressed as number (%) —
P probability

X2 = chi-gquiare test
“Sratistically significant (p < 0.05)
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differences as regards any of these data. This comes in
favour of abolishing the effects of possible confounding
factors.

As regards clinical and routine laboratory parameters
no significant differences were found between the two
studied groups except the spleen size, marked enlarge-
ment was diagnosed in 89.2% of cases in the variceal
group, while it was present only in 20% of cases in the
other group (p < 0.001).

Another study verified the same findings, as the
spleen long axis was significantly increased in the
variceal group (17.9 vs 15.1 cm in no varices group-p =
0.0012) [13]. Also, Agha et al. [14] stated that a greater
mean spleen span was noticed in patients with varices
when compared to patients without varices (14.7 em
versus 10.9 ecm, P = 0.0006). This also coincides with
Kedar et al. [15] who assumed that splenomegaly (>
12 cm) may be the mere indication of high portal
pressures.

As regards the occurrence of gastropathy in this
study, severe gastropathy was more found in the
variceal group (35.1%), but mild gastropathy was the
only finding in the no varices group, with a significant
difference between the two groups (p = 0.035). Con-
sistent with our results, an additional study described
that the occurrence of PHG was more obvious in the
variceal group (64.4% vs. 8.6% in the non-variceal
group-p = 0.001) [9].

Coming to the level of vWF in the current study, it
was significantly increased in the varices group 212.88 %
when compared to 147.65% in the no varices group p <
0.001. Applying a cut-off level of 176.8%, it revealed a sen-
sitivity of 96% and sensitivity of 100%, with an accuracy
of 95% to expect the occurrence of varices. These results
are supported by several adult studies that reported that
vWW'F was significantly higher in patients with EVs, com-
pared to patients without EVs, but with different cut off
values [13, 16, 17].
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In the variceal group, varices were represented as fol-
lows: grade I 13.5%, grade Il 32.5%, grade 1l 37.8%, and
grade [V 16.2%, the level of vWF antigen was significantly
positively correlated with the variceal grade (p < 0.001).
Mahmoud and his associates also reported that serum
VWF was also positively correlated with variceal grade
and size. It had a mean level of 1.635, 2.50, and 3.216 in
cases with grades [, 11, and IIl, respectively. Furthermore,
it had a mean of 1.453 and 2.858 in cases with small and
large varices respectively (p < 0.001) [16], this comes in
line with our results.

The high levels of vWF in cirrhosis may be owing to
stimulation of vWF production in the cirrhotic liver [18],
or decreased liver-facilitated removal due to reduced
level or activity of vWF-Ag splitting protease that can
lead to additional elevation of VWF-Ag levels in cirrhotic
patients complicating with PHT [19].

The preceding studies recommend that a cir-
rhotic liver could add to the elevated VWF, but in
this study, most of recruited PHT patients were from
the child a, and b classification who also showed
increased VWF, this could be simplified as in normal
conditions VWF is eliminated from the circulation at
the levels of liver and spleen. The shifting of blood
via portal-systemic collaterals causes increasing the
levels of such factor [20].

Additional research indicates that vWF is implicated
in the formation of blood vessels, that could clarify why
certain people with vWWF disease have vascular malfor-
mations mainly in the gastrointestinal system which may
bleed terribly [21].

Conclusion

Based on the results of the current study, VWF-Ag can
be used as a non-invasive neutral predictor for the dis-
covery of EVs. Besides, it can be used to predict the
variceal grade.

Limitation of this study

The main limitation of this study is that it included
comparatively small sample size. Correlation between
VWF level in different etiologies of portal hyperten-
sion and its relation to portal hypertensive gastropathy
might be another limitation.
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Medicinal plants with hepatoprotective
potentials against carbon tetrachloride-

induced toxicity

Chidiebere Emmanuel Ugwu'® and Stephen Monday Suru

Abstract

imperative.

| offer protection against liver injuries.

activity against CCl-induced toxicity in animal models.

Background: Carbon tetrachloride (CCl,) is a well-characterized hepatotoxic agent. With rising cases of liver dis-
gases, the identification, assessment, and development of hepatoprotective agents from plants source has become

Main body: With arrays of literature on plants with hepatoprotective potentials, this review sourced published
literatures between 1998 and 2020 and systematically highlighted about 92 medicinal plants that have been reported
to protect against CCl-induced liver injury in animal models. The results show that herbal plants provide protection
for the liver against CCl, by downregulation of the liver marker enzymes and activation of antioxidant capacity of the
liver cells with the restoration of liver architecture. We also provided the traditional and accompanying pharmacologi-
cal uses of the plants. A variety of phytochemicals mostly flavoneids and polyphenols compounds were suggested to

Conclusion: It can be concluded that there are a variety of phytochemicals in plant products with hepatoprotective

Keywords: Carbon tetrachloride, Medicinal plants, Hepatoprotective, Silymarin, Folkloric medicine

Background

The liver being an important organ is often exposed to
array of threats [1]. Injury to the liver can lead to dete-
rioration of its functions and may culminate in organ
failure [2]. The likely risk factors for the development of
the liver diseases have been suggested to include patho-
genic microorganisms and viruses, hepatotoxins, over-
dose and duration of drugs, obesity and malnutrition,
alcohol, autoimmune disorders, type-2 diabetes, and
genetic factors [1]. The diseases of the liver are of public
health concern because orthodox remedies for liver dis-
eases produce limited results with attendant side effects.
As such, utilization of complementary and alternative
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herbal medicine has attracted research interest for novel
plausible hepatoprotective agents capable of ameliorat-
ing or reversing liver injury with little side effects [3, 4].
Ower the years, this search has gained impetus with many
studies focusing on hepatoprotective potentials of plant
drugs.

Carbon tetrachloride (CCl,) is a known hepatotoxicant
in humans and animal models [5]. It has been success-
fully used in hepatotoxicity research as a model and to
appraise hepatoprotective agents [6, 7]. With reports on
the rise of liver diseases and numerous literature reports
on plants with potential hepatoprotective activity, this
review highlighted the mechanism of CCl; toxicity, the
significance, effectiveness, and underlying mechanisms of
herbal plant extracts on CCl;-induced toxicity in experi-
mental animal models.
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Main text

Insight on the mechanism of carbon tetrachloride
hepatotoxicity

Prior to the Montreal Protocol, CCl; was formerly and
widely used as a fire suppressant, as a precursor to refrig-
erants, propellants for aerosol cans, as a cleaning agent, a
widely used solvent in organic chemistry, as a pesticide,
and anesthetics [8, 9]. However, it is rarely used today
because of adverse health effects and environmental
safety concerns. Symptoms associated with acute inhala-
tion of low-medium doses include headache, weakness,
lethargy/general anesthesia, nausea, vomiting, and res-
piratory arrest. For medium to high oral exposure, the
liver is known to be the primary site of CCl;-induced tox-
icity beginning with acute but progressive centrilobular
injury that may culminate in cell death [10].

Experimental deductions

Due to the complex nature of CCl,-induced liver damage,
there have emerged several independent mechanisms to
explain each of the facets of the associated changes. The
interrelationship among diverse mechanisms proposed

for each of these associated changes has not been well-
established/outlined. This is primarily because early and
later changes associated with the hepatotoxic develop-
ment have been mixed up. As a result, a harmonized
understanding of the intricate mechanisms involved in
hepatic damage has become partly elusive. However, this
has not obscured the following experimental deductions
(Fig. 1):

+ Changes in endoplasmic reticulum (ER) function
due to decrease in glucose-6 phosphatase [11], which
may not be unconnected with CCl;-induced glyco-
gen depletion and attendant protection from carbo-
hydrate-rich diets [12, 13]. Besides, CCl;-induced
disruption and disassociation of polyribosomes
from ER alters its anabolic function as manifested
in decreased incorporation of amino acids into pro-
teins such as albumin and fibrinogen [14]. Addition-
ally, CCls-induced hypomethylation of 2'-O-ribose
moieties in rRNA might have resulted from transient
increase in cytosolic Ca®*. This increase may acti-
vate the selective destruction of rRNA methylases via
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the action of demethylases or proteases. Overall, the
protein synthetic function of ER in the centrilobular
region may be hampered with an attendant defects in
the ability of the liver to effectively respond to addi-
tional insults [10].

» Calcium homeostasis underlies some aspects of
CCl; hepatotoxicity (plasma membrane blebbing
and fatty accumulation- steatosis); CCl; may elicit
dramatic redistribution of intracellular Ca®* stores,
albeit no total cellular change [10]. Calcium ion
{Ca’*] homeostasis is maintained by 3 mechanisms:
(i) Ca® extrusion by plasma membrane ATPase,
(i) Ca®" sequestration by mitochondria, and (jii)
Ca®* sequestration by liver ER. So, CCl, may cause
decreased Ca®™ sequestration by ER and mitochon-
dria, decreased extrusion by plasma membrane
ATPase, as well as blockage of gap junctional inter-
cellular communication may favor increase cytosolic
Ca®*. An ATP-dependent Ca’* sequestration by
hepatic ER has been shown to be disrupted by CCl,
[15]. Endoplasmic reticulum membrane permeability
may also be altered, being one indicator of impend-
ing cell death [16].

+ Rapid destruction/decrease in cytochrome P,
in centrilobular regions (suggesting that CCl; was
metabolized by ER mixed-function oxidase system),
which is orchestrated by low levels of reduced glu-
tathione (GSH) and low oxygen tension. In turn, low
level oxygen tension may limit competition between
0, and CCl, for cytochrome Py binding (ie., CCl,
may readily bind to cytochrome P,e,).

- Metabolic products [trichloromethyl (CCly) or per-
oxytrichloromethyl (CCl;-O0") free radical] elicit
damage: lipid peroxidation of vulnerable unsaturated
fatty acids in membrane phospholipids and destruc-
tion of haem moiety of cytochrome P,z

+ Blockage of gap junctional communication by CCl,
thereby shutting down intercellular communication.

+ Changes in mitochondrial function: disruption of
oxidative phosphorylation due partly to chelation of
calcium [17)].

Making sense out of experimental deductions

The hepatic biotransformation of CCl; primarily involves
metabolic activation to transient reactive intermediates.
Under low oxygen partial pressure, cytochrome P, cata-
lyzes the reductive de-halogenation of CCl, resulting in
predominant formation of CCly" and CHCI' radicals [18,
19]. These reactive intermediates may bind covalently
to cellular components (membranes, microsomes) and
impinge on mostly lipid metabolism (increased synthesis,

Hepalology and Transplant Hepatology: A Case-Based Approach

decreased transport out of the hepatocyte) thereby cul-
minating in hepatic steatosis (fatty liver) [20, 21].

Dianzani [22] reported that covalent modification of
lipoproteins occurs prior to their decreased transport out
of hepatocytes. Intracellular maturation of lipoproteins
in the Golgi apparatus is dependent on galactosylation
which is catalyzed by glucosyl- and galactosyltransferases
[23]. The CCl;-induced damage of Golgi apparatus and
eventual reduction in the activities of these enzymes may
explain the observed decrease in lipoprotein secretion
associated with CCl, intoxication. Thus, CCl;-induced
inhibition of lipoprotein secretion, and its attendant
hepatic steatosis mainly result from covalent binding of
CCl, metabolites to cell constituents, but not due to lipid
peroxidation.

Under high oxygen partial pressure, however, CCl;
may interact with oxygen to form CCl;-OO". The peroxy
radicals may elicit the peroxidation of unsaturated fatty
acids especially in membrane phospholipids of intracel-
lular and plasma membranes [24]. Some of the lipid per-
oxidative products may inflict further damage leading
to increased membrane permeability and a comprehen-
sive loss in membrane integrity [25]. Thus, both cova-
lent binding of CCl, metabolites and lipid peroxidation
work in tandem to elicit the hallmark of damage seen in
CCl;-induced hepatotoxicity.

The consequences of loss of membrane integrity are
enormous and may lead to cascade of events culmi-
nating in liver necrosis. These events may include dis-
turbed Ca®™ homeostasis/dramatic redistribution of
Ca’* in hepatocytes, leakage/efflux of K*, and influx of
Na™ [10, 26].

Beside the peroxidative action, CCl,;-derived free
radicals and their attendant oxidative stress have been
shown to enhance NF-kB expression, which in turn ini-
tiates the synthesis of cytotoxic cytokines, which may
be partly responsible for liver injury [27]. Tumor necro-
sis alpha (TNF-a) has been implicated in CCl;-induced
hepatocellular damage [28]. At lower doses of CCl,
inflammatory responses prevail. Healthy hepatocytes
are insensitive to tissue necrosis factor alpha (TNF-a)
action, but become sensitive once protein and RNA syn-
thesis are inhibited [29].

Summarily, CCl; hepatotoxicity may be due to a combi-
nation of factors such as the thorough inhibition of pro-
tein synthesis, the severe derailment of intracellular Ca*™
sequestration, and the effect on membrane integrity.
These factors may result and progress through a series
of steps that contribute to various extents to the ulti-
mate damage: reductive dehalogenation, covalent bind-
ing of resulting radicals; inhibition of protein synthesis
(in particular, apolipoprotein synthesis), assembly, pack-
aging and release of VLDL and HDL, fat accumulation;
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formation of CCly" and CHCL," and CCl,-O0" radicals,
lipid peroxidation, membrane damage, the severe derail-
ment of intracellular Ca®* sequestration, apoptosis, and
fibrosis [10, 30, 31].

Traditional plants with anti-hepatotoxic potential

In this review, numerous experimental studies on
the medicinal plants effectiveness te ameliorate
CCl,;-induced hepatotoxicity in animal models were pre-
sented. The botanical names, ethnopharmacelogical and
pharmacological uses of plants traditionally used to treat
liver-related diseases were presented in Table 1. The com-
prehensive details on in vivo studies of medicinal plants
with hepatoprotection against CCl;-induced hepatotox-
icity alongside the active phytochemicals and their prob-
able mechanisms of action are presented in Table 2.

Discussion

For about three decades, extracts from different natural
products have been identified to be hepatoprotective at
varied doses against CCly-induced toxicity by reducing
oxidative stress on liver enzymes. The findings from this
review show that only few studies tested these natural
products on hepatic cell lines (Table 2). Without separat-
ing the whole extract to identify the active components, a
large number of hepatoprotective products will increase
without corresponding clinical relativity [123]. There is
an urgent need to study individual components of the
plant extract especially in experimental animal models.
The major drawback of herbal medicine is its potential
hepatotoxicity in man which could cause acute to chronic
liver injury with underlining mechanism of toxicity not
clearly understood due to factors such as the synergistic
and multi-organ targeted nature of the various compo-
nents [124-127).

The protection provided by herbal plants against
CCl,-induced hepatotoxicity is basically due to the inhib-
itory nature of the phytochemicals present in them [70,
101]. These phytochemicals are able to inhibit the micro-
somal enzymes to restrict the generation of free radicals
and stop lipid peroxidation through its antioxidant abil-
ity [66]. They can also enhance the regeneration of liver
cells, radical scavenging, and stimulation of the anti-
inflammatory ability of the liver cells against the inflam-
mation induced by CCl, [102].

The treatment of the animal models with these herbal
extracts showed beneficial effects through several bio-
chemical and histological results. From the results in
Table 2, it is clear that these plants extract downregulated
serum liver marker enzymes like aspartate transaminase
(AST), alanine transaminase (ALT), alkaline phosphatase
{ALP), total bilirubin, and malondialdehyde (MDA) while

upregulating the activity of antioxidant enzymes and
total protein. The medicinal plants also downregulated
the inflammatory markers expression in the hepatic cells.
Some of these reported studies confirmed the hepato-
protective effectiveness of these medicinal plant prod-
ucts through histological reports [43, 54]. This review
also reported numerous phytochemicals with possible
hepatoprotective potentials ranging from flavonoids
(quercetin, kaempferol), phenols, sobatum, courmarins,
gallic acid, rutin, alkaloids, saponins, vitamin C, caffeic
acid, etc. This review presented a number of plant species
with ethnopharmacological relevance in the treatment
of liver injury and their medicinal/pharmacological uses
from literature.

Conclusion

We, therefore, conclude that there are a variety of phy-
tochemicals in plant products with hepatoprotective
activity against CCly-induced toxicity by downregulation
of liver marker enzymes, and activation of antioxidative
capacity of the liver cells that leads to the restoration of
the liver architecture.

Future perspectives

There is need to validate the efficacy of some of the
reported active components which can be likely candi-
date for therapeutic purposes. Research should move
from whole plant extract experiment to isolation of bio-
active components and testing the extract on culture cell
lines.

Abbreviations

ALT: Alamine rransarminase; AST Aspartate transaminase; ALP; Alkaline phos-
phatase; »-GT: Gamma glutamyliransferase; LOH: Lactare dehydrogenase;
MDA Malondialdehyde: GSH. Glutathione: GPe Glutathione perozidase; CAT

s Canalase, 500 Supericide dismutase; POD: Peromidase; GST: Glutathione
S-pransferase; GSTa Glutathione S-ansferase alpha; GR: Glutatnione reduc-
tase; TBARS: Thiobarbituric acid reactive substance; NO: Nitric oxide; H,0:
Hydrogen peroxide; THF-a : Tumor negrosis factor alping; NF-kbe Nuclear factos-
kappa B: INOS: Inducible nittic omde synthase; COX-2: Cyclo oxygenase-2:
IL-1[: Interlukin-1 beta; MiF-2; Muclear factor erythroid-2-related factor 2;
TGF-P1): Hepatic growh factor-beta 1; IL-6: Intherleukin-4; IL-8: Interleukin-g;
L= 10 Interbeukin:10; HO-1: Herne gxygenase -1; WP-5H: Nonprotein sullfydryls;
FQ0N: Quinine oxidoreductase; TLRY; Hepatic woll-like receptor 4; PIEMAPK:
P38 mitogen-activated protein kinase; p-ERK: Extracellular signal-regulated
kinase; peJNE: C-jun N-terminal kinase; CYT: Cytechrome; Didiaphorase: A
phase li enzyme; T-char Total cholesterol; TG: Trigiyceriges; LOL: Low-gensity
lipopratein; ThG: Triacylglycerol; HOL: High-density lipoprotein: TP: Total pro-
tein; TE: Total bilirutbirg XOD: Xanthine ooedase; Vit A Vitamin A Vi, E-Vitamin E-
Wir. C:vitamnin C; CNS: Central nervous system.
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Arctigenin attenuates CCl.-induced hepat-
otoxicity through suppressing matrix
metalloproteinase-2 and oxidative stress

Ghalia Mohamed Kanawati'@, Igbal Hassan Al-Khateeb'@ and Yasser lbrahim Kandil'?>' @

Abstract

Background: In spite of the huge advances in recent medicine, there is no effective drug that completely protects
the liver from toxic materials. This study was conducted to investigate the hepatoprotective effect of arctigenin
from burdock (Arctium lappa) against carbon tetrachloride (CCly)-induced liver injury.

Results: Arctigenin pre-administration reduced hepatotoxicity markers significantly as compared to CCl, group. In
addition, both silymarin and arctigenin declined matrix metalloproteinase-2 (MMP-2) in the serum (1177 = 176),
(978 x 135) significantly as compared to CCl; group (1734 + 294). The hepatic antioxidant parameters (total
glutathione, superoxide dismutase, and glutathione reductase) were significantly decreased after CCl, injection, an
effect that has been prevented by pre-administration of both silymarin and arctigenin. Histological examinations
illustrated that arctigenin reduced CCl, damage, where it decreased inflammation, congestion, and ballooning.

Conclusions: Arctigenin exerted a hepatoprotective effect against CCls-induced liver damage in terms of
suppressing MMP-2 and oxidative stress comparative 1o that of silymarin.

Keywords: Arctigenin, CCl,, Hepatoprotective, Matrix metalloproteinase-2, Silyrmarin

Background
An organ as complex as the liver can be susceptible to a
variety of problems. However, in an unhealthy or mal-
functioning liver, the outcomes can be dangerous or
even fatal. Liver cirrhosis is one of liver serious prob-
lems; it is a frequent consequence of the long clinical
course of all chronic liver diseases and is characterized
by tissue fibrosis and the conversion of normal liver
architecture into structurally abnormal nodules [1, 2].
Liver diseases were the 10™ leading cause of death for
men and the 12" for women in the USA, killing about
27,000 people each year. Also, the cost of liver diseases
in terms of human suffering, hospital costs, and lost
productivity is very high [3].
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The extracellular matrix (ECM), formed by the complex
network of proteins and sugars surrounding cells in all
solid tissues, is among the most important regulators of
cellular and tissue functions in the body [4]. In addition to
providing structural support for cells, ECM regulates vari-
ous cellular functions, such as adhesion, migration, differ-
entiation, proliferation, and survival. Cellular responses
are context-dependent, and dysregulation of ECM pro-
duction and proteolysis is often associated with the devel-
opment of liver pathology [5]. Matrix metalloproteinases
{MMPs) are a family of over 24 zinc-dependent endopep-
tidases capable of degrading virtually any component of
the ECM. MMDPs have emerged as essential mediators in
defining how cells interact with their surrounding micro-
environment in normal liver [6].

Many plants have important roles in human health
care. There are some plants that are consumed habit-
vally by humans and that have been proven as
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hepatoprotective capacity, for example, artichoke [7-9],
milk thistle [10, 11], grapefruit, and chamomile [12, 13).

Arctigenin (AG) is an aglycon of arctiin [14]. It is a
bioactive lignan isolated from the seeds of burdock (Are-
tium lappa) [15], acts as an antioxidant. The phenolic
content of burdock is antioxidant too [16, 17]. As previ-
ous studies confirmed that Arctinm lappa extract has
hepatoprotective effect [18], there is no survey related to
AG alone (which is one of the constituents of Arctinm
lappa), has the same effect, knowing that AG has an
antioxidant [19], anti-inflammatory [20], and gastropro-
tective properties [21]. This study was aimed to investi-
gate the hepatoprotective effect of AG on CCl,-induced
liver toxicity in experimental rats, in terms of hepatic
markers, MMP-2, oxidative stress, and histopathological
changes.

Methods

This study was conducted in the Experimental Animal
Laboratory of the Faculty of Pharmacy, Al-Ahliyya
Amman University, and ethically approved by ethical
committee for the care and use of laboratory animals
(ethical approval no. AAU-1/14/2017-2018).

Chemicals, reagents, and kits
Arctigenin (Item No. 270652), glutathione (GSH) kit
(Item No.703002), superoxide dismutase (SOD) kit (Item
No. 706002), and glutathione reductase kit (Item No.
703202) were purchased from (Cayman chemicals,
USA). CCl,; (> 99.9%, Item No. 270652), carboxymethyl-
cellulose (CMC) (Item No. C9481), and metphosphoric
acid (MPA) (Item No. 79613) from Sigma Aldrich, USA.
Total MMP-2 ELISA kit (Item No. MMP200) and lysis
buffer (Item No. 895347) were supplied by RnD Systems,
USA. Alanine aminotransferase (ALT) (Item No. 11533),
aspartate aminotransferase (AST) (Item Neo. 11531), al-
kaline phosphatase (ALP) (Item No.11592), and bilirubin
(Iter Mo. 11515) assay kits were purchased from BioSys-
tems 5.A., Barcelona (Spain). Silymarin {Legalon® 70 mg)
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was kindly provided by Chemical Industries Develop-
ment CID, Egypt.

Animals

A total of 24 male Wistar rats (age 6-8 weeks, weight
210-240 g) were provided from the Jordanian University
of Science and Technology (JUST), Irbid, Jordan. All ani-
mals were kept under observation in Al-Ahliyya Amman
University animal house, for 2 weeks prior to the study
with free access to commercial rat diet and water ad
fibitim. Rats were housed at 22 £ 2°C with a 12 h light-
dark cycle. All animals’ handling and treatment were in
adherence to the ARRIVE guidelines.

Experimental design

The rats were randomly divided into 4 equal groups
(# = 6 rats). Group A (control) and B (toxic), animals
were administered the vehicle daily (1% CMC, 4 mL/kg,
i.p.). Group C (standard), rats were daily administered
silymarin (200 mg/kg, 4 mL/kg, ip.) [22]. Group D
(treatment), rats were daily administered AG (15 mg/
kg, 4 mL/kg, i.p.) [19] (Fig. 1). All animals were treated
for 6 weeks. The experimental design was approved by
the ethical committee in Al-Ahliyya Amman University.

Induction of hepatotoxicity

A single dose of CCly (1 mL/kg, i.p.) was chosen accord-
ing to Kandil et al. [23]. Diluted CCl,; solution was pre-
pared by dissolving CCl, in olive oil (1:1) to prevent its
evaporation. On the last day of the designated period,
animals were overnight fasted before the injection with
diluted CCl, (groups of B, C, and D) or olive oil (2 mL/
kg, group A). One hour later, they were provided with
food. On the next day, animals were fasted for 4h,
lightly anesthetized then sacrificed by cervical disloca-
tion after taking the blood samples.

Blood samples
Twenty-four hours after CCl; injection, blood samples
were withdrawn by heparinized capillary tubes from a

bl

Rats (Groups B, C, and [3)

Daily i.p. adminsiration of CMC (B), Silymarin (C). and Arctigenin (1)
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days 0 4 14 21

Belore starting
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Fig. 1 Expenmental design
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retro-orbital vein under light anesthesia using a piece of
cotton immersed in diethyl-ether [24], allowed to clot
for 30 min, sera were separated by centrifugation at RCF
1000xg for 10 min. Four aliquots were prepared from
each serum and stored at -20°C until analysis.

Liver tissue specimens

After blood samples collection, animals were sacrificed
by cervical dislocation, livers were taken using histo-
logical scissors, rinsed with cold saline, dried on a filter
paper, and photographed. A portion of each liver was
excised, put in 10% formalin solution, and processed as
for routine histological evaluation. The remaining part
of each liver was stored at -80°C for later oxidative
stress analyses [23].

Liver tissue homogenization

Around 50 mg sample was excised from each liver and
homogenized in 1ml of cell lysis buffer using Teflon
homogenizer in ice. The Ilysate was then cold-
centrifuged at RCF 10,000xg for 15 min at 4 °C. Superna-
tants were distributed into four Eppendorf tubes and
stored at -80°C to be analyzed later.

Histological investigation

Five-micrometer  sections were stained  with
hematoxylin-eosin, examined using a light microscope
(Leica). and photographed using MC 170 HD Leica
Camera (Switzerland) and LAS EZ software. The histo-

logical sections were investigated by 2 of the authors in
a blinded fashion.

Serum parameters

Serum ALT, AST, ALP, total bilirubin, and total MMP-2
were analyzed 24 h after induction of hepatotoxicity ac-
cording to manufacturer instructions.

Oxidative stress

Hepatic total protein was determined in the tissue hom-
ogenate according to Lowry method [25], total GSH was
assayed according to Eyer et al. [26] method. Briefly, the
clear supernatant obtained from the homogenate was
first deproteinized using 5% MPA then Ellman’s reagent
(5.5 -dithiobis-2-nitrobenzoic acid) was added which is

Table 1 Hepatotoxicity markers in all studied groups

Hepatelogy and Transplant Hepatology: A Case-Based Approach

reduced by sulfhydryl group of GSH to yield a yellow
color with a maximum absorbance at 405-412 nm. The
concentration was expressed as nM/mg tissue.

Superoxide dismutase activity was analyzed according
to Spits and Oberley [27] utilizing a tetrazolium salt for
the detection of superoxide radicals generated by
xanthine oxidase and hypoxanthine. One unit of SOD is
defined as the amount of enzyme needed to exhibit 50%
dismutation of the superoxide radical.

Glutathione reductase activity was measured by meas-
uring the rate of NADPH eoxidation which is accompan-
ied by a decrease in absorbance at 340 nm [28).

Statistical analyses

All descriptive statistics, analyses, and graphics were per-
formed using GraphPad Prism version 6 (GraphPad
Software, 5an Diego. USA). Data passed the Shapiro-
Wilk normality test and were expressed in tables as
mean, standard deviation, and standard error of the
mean, One-way analysis of variance (ANOVA) followed
by Tukey-Kramer post-analysis procedure was used to
compare the means of all groups. Differences between

means were considered statistically significant at P =
0.05.

Results

Hepatotoxicity markers

As shown in Table 1, a single injection of CCl, signifi-
cantly increased all hepatotoxicity markers as compared
to control group, an effect that was inhibited by pre-
administration of both silymarin and AG.

Serum total MMP-2

Serum total MMP-2 (ng/ml) was significantly higher
(1734 = 294) in CCl, group than the control group. Both
silymarin and AG maintained the level of MMP-2 close

to the control group (1177 = 176), (978 + 135), (844 +
178), respectively (Fig. 2).

Hepatic oxidative stress markers (Fig. 3)

Hepatic total GSH level (nM/mg tissue) after CCl, injec-
tion was significantly lower (0.75 £ 0.20) as compared to
the control group (1.26 + 0.07). On the contrary, both
silymarin (1.08 = 0.13) and AG (1.18 = 0.13) showed

” Control CEI-; a Silymarin Arctigenin
FLT (LA 222867 GW0=13pee B4 = 128"+ <ber 658 £ 14qierebes
RET UL 421 £ 941 1390 = 262°**** 805 £ 1G4ereeEree 753 £ 1850 eeneDeers
ELP (AL} 715 = 264 165 + 20 77ene 106 = 18G" 119 + 265"
Toral bilingbin {mg/dl 061 =018 182 2 027" 103 £ 0250 111 & Q2)%eebere

* Significantly diﬁeremlfrom the E&ntruﬂan:.n.-.uﬁ

* Significantly different from CCl, group P values: P < 0.05, P <0.01, ""P < 0,001, ™™ P = 0.0001
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Fig. 2 Serum level of total MMP-2 (ng/ml) in the studied groups

higher GSH levels in the hepatic tissues. However, AG
and silymarin GSH levels were close to each other and
lied between those of control and CCl,.

Hepatic SOD activity (U/mg protein) of CCly group
was diminished significantly (1.65 * 0.48) when com-
pared to the control group (3.60 + 0.25). AG injected-
group showed SOD activity (2.34 £ 0.17) higher than
that of CCl, but lower than the control group. Also, sily-
marin pretreatment induced SOD activity (2.71 £ 0.38).

Single CCl, injection lowered the glutathione reductase
activity in the hepatic tissues (2.90 + 1.35) significantly
as compared to the control group (678 £ 1.55); this ef-
fect of CCly was prevented by the administration of both
silymarin (549 £ 1.46) and AG (4.59 £ 0.78).

Histopathological results
Figure 4a shows a section in control liver tissue which
demonstrates normal histology; central vein and each
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lobule are bordered by the “portal triad” consisting of a
{branch of the hepatic artery, portal vein, and bile duct),
in addition to hepatocytes surrounding it which are in
sinusoids.

Ballooning (degeneration of hepatocytes) is obvious in
CCly-injected group section (Fig. 4b). Cells are pale
(lightly stained); parenchymal cells show necrotic and
apoptotic alterations, in addition to an increase in the
number of inflammatory cells (WBCs), and congestion
(RBCs).

Figure 4c shows that silymarin repaired some of the
damage which is caused by CCl; when they were
injected respectively. Silymarin group section shows
less inflammation and less ballooning. AG also pro-
tected the liver tissue from CCl; damage (Fig. 4d); it
is obvious that ballooning, congestion, and inflamma-
tion were reduced.

Discussion

Due to its large size, exclusive structure, and essential
roles in maintaining homeostasis, the liver is subjected to
many types of diseases and toxic agents [1]. CCl; is com-
monly used for free radical-induced liver injury as many
experimental and clinical studies consider it as a classical
hepatotoxic agent that induces liver cirrhosis, fibrosis, and
necrosis [29]. People may easily be exposed to it by inhal-
ation or skin absorption due to its various usage such as
in fire extinguisher and in refrigerant gas [30].

Hepatology and Transplant Hepatology: A Case-Based Approach

It is now generally accepted that CCl,; toxicity results
from bicactivation of CCl, into trichloromethyl free rad-
ical by cytochrome P4sp system in liver microsomes and
consequently causes lipid peroxidation of membranes
that leads to liver damage. The free radicals generated
by CCl; metabolism attack polyunsaturated fatty acids in
cell membranes forming (fatty acid) free radicals and in-
duce lipid peroxidation with the production of reactive
aldehydes, which lead to oxidative stress [31]. Lipid per-
oxidation causes cell membrane disruption leading to in-
creased cell membrane permeability and enzyme
leakage. This, in turn, activates cellular proteases,
phospholipid, and protein degradation leading to cyto-
toxicity and inflammatory response [32]. Antioxidants
and anti-inflammatory agents play a critical role against
CCl, intoxication by scavenging active oxygen and free
radicals and neutralizing lipid peroxides [33].

We have used CCl,; rat model to investigate the hepa-
toprotective effect of AG in terms of hepatotoxic
markers, antioxidant activities, MMP-2, and histopatho-
logical outcomes. Male Wistar rats were the animals of
choice due to their higher ability to withstand CCls-in-
duced hepatotoxicity and to avoid any hormonal changes
that may interfere with study outcomes when use fe-
males [23]. Silymarin (200 mg/kg) was used as a standard
drug due to its reported hepatoprotective benefits [34].

Inflamed or injured hepatocytes leak high amounts of
its contents including enzymes into the bloodstream;

-
: - - oy,
4 . L 1 -
o B
, ) % o (A)
| 7 - S X -
LY 0 -
S s
. B Cy t
L L} bl r -
. .'.l i-'- i
o ur s - r'q
af ']
: e W i [ 1w
/ - -
A ) L1 ~
I L
. = %
o ‘ L
" IP 'JI:." T - .
- - z " )
. Juf
i ' ' -
b
o= - -
» ® 1
1 £ (C)
i e -
& e b i
o~ 3 1
it oo il
1'." 1-I - i .
g - o - o
"':.' £ s -
o . - ¥ . cv '-r.'.b
Sl e e 4
. & " Ll
R T % st
=l E T £ i Pt &
L
ye e
e T ™ Cp— : 1 w
- - & b - lp' -
. & e w " g ¥ .|. u
i ME ol T o g .

Fig. 8 Histoingy of the liver from rars recoiving ondy vehicle a, CCle b, siymarin ¢ AG d (H & E s1ain). CV, central vein; ballooning degeneration

iblack anoes infiltestion of inflammatony cells tahite arrow)

ST — T )
Ll _I'.- i S o
e {B] A
e e e oz 1
o : ;
pi ] ] y i ~
iy, d AN
g O ha Ve o £
- -
. . I ’ L
i ol o T i
[ ] I i I F- N I =il
vty IR ¥/ L IR
H| P i & et o ok
Uiy o Mg A ; wd L3 2
g o
. - it
TR ] L B LG, ?-ﬂ
" . (D)

]




Arcligenin attenuates CCl4-induced hepatotoxicity through suppressing matrix... 181

these enzymes are perfect indicators for diagnosis of he-
patocellular damage [35].

After injection of CCl,;, hepatotoxicity parameters
ALT, AST, ALP, and bilirubin, were significantly in-
creased as compared to the control group. Results that
are supported by many previous studies [36, 37]. In our
study, previous silymarin and AG administration dem-
onstrated decreased levels in ALT, AST, ALP, and biliru-
bin. The same results were obtained by Lee et al. and
Talwar et al. [37, 38] when they tested silymarin efficacy
and found that it suppressed CCl, damage and normal-
ized hepatotoxicity markers due to its free radical scav-
enging effect.

According to oxidative stress parameters, there was a sig-
nificant drop in G5H, SOD, and glutathione reductase in the
liver of CCl;-injected animals compared to the control
group. This effect agrees with Abdel-Moneim et al’s study,
when they investigated CCl, efficacy on rat models too [36].
On the other hand, pretreatment with AG or silymarin
expressed higher levels in these main liver antioxidant pa-
rameters. GSH, 50D, and glutathione reductase were nor-
malized by silymarin which could diminish oxidative stress
produced by ethanol gavage in mice. It was able to enhance
mitochondrial metabolic processes and electron transport
chain, to increase intracellular SOD activity, which led to the
drop of intracellular ROS levels to improve mitochondrial
function [34].

Matrix metalloproteinase-2 is also an important in-
dicator of liver impairment. Qur results elucidated the
upregulation of this enzyme in rats injected with
CCl,. Liang et al. proved this effect after the applica-
tion of CCl, in rats too, owing that to the activation
of hepatic stellate cells (HSCs) by CCl; which in turn
increases MMDP-2 expression. This enzyme increase
resulted in hepatocytes matrix degradation, which
ends in basement membrane destruction and initiat-
ing inflammatory cells to recruit to the injured site
[39]. Feher and Lengyel found that silymarin has a
beneficial effect on liver carcinogenesis explained by
attenuating MMP-2 which is involved in invasion and
angiogenesis [40].

When AG and silymarin were injected into rats in the
current study, MMP-2 level was declined; findings that
are supported by Kara et al. where silymarin lowered
total MMP-2 activity knowing that total MMP-2 activity
increases in hepatic decay [41]. In addition, Clichici
et al. reported that administration ef silymarin reduced
inflammatory mediators including MMP-9 and liver fi-
brosis [42].

Conclusion

In conclusion, this study emphasized that AG played an
obvious protective role from the harmful effect of CCl,
on rats' liver. In addition to that, AG protective efficacy

with a dose of 15 mg/kg/day, is very close to that of sily-
marin 200 mg/kg in the term of hepatotoxicity markers,
oxidative stress parameters, MMP-2, and histopatho-
logical observations.
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Abstract

therapy.
Keywords: SMV/SOF, RASs, Fibrosis regression, HCV

Background: \iral resistance-associated substitutions (RASs) can develop in the setting of DAAs therapy (ie,
emerging RASs). Lang-term monitoring of fibrosis regression after achieving 5VR to simiprevir [SMV)/sofasbuvir
(SOF) is essential. The aim of this study was to determine the prevalence of baseline and emerging N534A RASs in
chronic HCV patients in Upper Egypt and to assess the impact of SMV/SOF therapy on liver stiffness.

Results: The enrolled 59 patients had HCV genotype 4a without any baseline RASs in the N534A region. 96.6% (57/
59) of patients achieved sustained virological response (SVR12). Of the two patients who failed to achieve SVR12,
one of them developed emerging RASs Q80K in the N534A region. Seventy-two weeks after SMV/SOF therapy, the
percentage of patients with liver fibrosis stage (F2, F3, and F4) decreased from 75.4% befare treatment to 42.1%
after treatment. The combination of SOF and SMV appeared to be well tolerated.

Conclusions: All patients had HCV genotype 4a without any baseline RASs in the NS34A region. In addition, there
was improvemnent of non-invasive measures of liver fibrosis in patients who achieved SVR, 72 weeks after SMV/SOF

Background
In Egypt, the seroprevalence of hepatitis C virus (HCV)
infection was about 10% in 2015. Since HCV infection is
the main cause of liver cirrhosis, hepatocellular carcin-
oma (HCC), and liver transplantation globally, those pa-
tients with HCV are in a need for effective antiviral
therapy to overcome the progression to these complica-
tions and to reduce mortality [1, 2].

HCV is a small, 9500-nucleotide, plus-stranded ribo-
nucleic acid (RNA) virus that replicates in the cytoplasm
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with a single open reading frame. The plus-stranded
viral RNA is first translated into a large polyprotein con-
taining about 3000 amino acids which is then cleaved by
host and wviral proteases into structural and non-
structural proteins [3].

Directly acting antivirals (DAAs) were designed to dir-
ectly inhibit viral enzymes and proteins. The NS proteins
NS3/4A protease-helicase and NS5B and the NS5A pro-
tein all perform crucial activities for the viral life cycle
and by far have been the favorite targets for the develop-
ment of new DAAs [4]. Sofosbuvir (SOF) is a pyrimidine
nucleotide analog inhibitor of NS5B and simeprevir
(SMV) is an NS3/4A protease inhibitor [5, 6].
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The high rate of HCV replication allows rapid re-
sponse to selective immune or drug-induced pressure,
which may select for resistant variants [7]. Viral
resistance-associated substitutions (RASs) have been
detected in patients naive in HCV treatment (i.e., pre-
existing, baseline RASs), and RASs can occur with
DAAs therapy (ie, emerging RASs). Natural poly-
morphism QB0K, responsible for the reduced re-
sponse of HCWV to protease inhibitor simeprevir, is
the most studied RAS [8, 9].

A huge number of patients with advanced chronic
liver disease are achieving sustained virological response
(SVR), highlighting the importance of monitoring fibro-
sis regression. Non-invasive methods such as transient
elastography (TE), Fib-4 index, and APRI score may be
useful for monitoring these changes [10, 11].

According to recommendations of the WNational
Committee for Control of Viral Hepatitis (NCCVH) in
2015 guided by recommendations of EASL 2015, 12
weeks of treatment with SMV/SOF combination therapy
was recommended for patients with chronic HCV geno-
typed [12]. Till the time of our study conduction, real-
life data regarding the safety profile, tolerability, and
effectiveness of SMV/SOF combination therapy in
chronic HCV patients in Upper Egypt were still limited.

The aims of the work are (1) to determine the preva-
lence of baseline and emerging NS34A RASs in chronic
HCV patients in Upper Egypt and (2) to assess the im-
pact of SMV/SOF combination therapy on liver stiffness
in patients with chronic HCV infection.

Methods

It was a prospective, open-label study that was con-
ducted at the National Center for the Management of
Viral Hepatitis. It took about 2 years' duration, from 1st
of December 2015 to 30th of November 2017. All
patients were subjected to detailed medical history,
complete clinical examination, abdominal ultrasonog-
raphy, fibroscan examination, routine laboratory investi-
gations, AST to Platelet Ratio Index (APRI) score, and
Fibrosis-4 (Fib-4 index) (in addition to HCV RNA PCR,
HCV genotyping, and RAS testing).

Fibroscan examination was done at baseline and 72
weeks after the end of treatment. Fifty-nine patients with
chronic HCV infection with and without compensated
cirrhosis were enrolled.

The study population received a 12-week regimen of
simeprevir 150 mg (Olysio* produced by Janssen com-
pany) in combination with sofosbuvir 400 mg (Sovaldi®
produced by Gilead Sciences company) once daily, in
treatment-naive or INF-experienced patients. The cost
of this combination therapy was about 4000L.E per
month for each patient, and it was covered by the
Egyptian government as a part of the national campaign

Hepatology and Transplant Hepatology: A Case-Based Appreach

for eradication of HCV in Egypt held by the National
Committee for Control of Viral Hepatitis, The Egyptian
Ministry of Health. Patients were advised to avoid sun
exposure and to use sunscreen cream locally on sun-
exposed areas as possible. Patients also were advised not
to take any other medication for any comorbidity with-
out our consultation to check for drug-drug interactions.

Molecular investigations
PCR, sequencing for genotyping, and amplification of
NS34A were carried out in the Medical Research Center,
Faculty of Medicine, Assiut University, and in Macrogen
Korea Laboratory, South Korea. SVR12 is sustained viro-
logical response with HCV RNA negative at 12 weeks
after the end of therapy.

APRI score [13] and Fib-4 index [14] were calculated
at baseline and 12 weeks after the end of therapy (EOT).

Fibroscan examination was performed in the Assiut
Center for Management of Viral Hepatitis. The median
value of ten successful measurements was considered
representative of the liver stiffness (LS), according to the
manufacturer's recommendations (IQR less than 30% of
the median value and success rate of more than 60%)
[15]. Based on the baseline LSM, patients were stratified
according to estimated METAVIR fibrosis score into FO,
F1, F2, F3, and F4 groups. Liver stiffness measurement
(LSM) was used to estimate the METAVIR fibrosis stage
as follows: F1 2 6.5kPa [16], F2 = 7.1 kPa, F3 29.5 kPa,
and F4 =z 12.5 kPa [17].

Statistical analysis

Statistical tests were performed using SPSS 16.0 (SPSS
Inc., Chicago, USA) for Windows. Results were reported
as the absolute value, mean # standard deviation, and
range. Continuous variables were compared using
Student’s T test or Mann-Whitney L{ test as appropriate.
Nominal or ordinal variables were analyzed by the chi-
square test and Fisher's exact test. P <0.05 was consid-
ered statistically significant. Variables with p value < 0.05
were then tested in a logistic regression model. The
ability of Fib-4 index improvement in predicting LSM
improvement was assessed by specificity, sensitivity,
positive and negative predictive values, and positive and
negative likelihood ratios, and accuracy was calculated.

Results
Table 1 shows the demographic and baseline data of the
study group. All patients had HCV genotype 4a, and we
did not find any baseline RASs in the NS34A region.
Table 2 shows virological response in the study group,
where 96.6% achieved sustained virological response
(SVR12). SVR was 96.3% (52/54) in naive patients and
100% (5/5) in INF experienced patients. Regarding pa-
tients who achieved SVR12, no one relapsed 72 weeks

RN T
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Table 1 Demographic and baseline data of the study group
Item

Descriptive
5066 £ 980 (27.0-69.0)

1. Age “years” mean + 5D (range)
2. Sex:

« Male
3. BMI “kg/m™ mean * 5D (range]
4. Diabetes mellitus:

41 (59.5%)
2784 + £.42 (194-39.1)

» Yes 14(23.7%)
5. Treatment status:

+ Naive S4(91.5%)

+ INF experienced 5{8.59%)
6. HCV genotype Genotype 4a (10034
7. Baseline NS34A RASs 0 (036)

after the end of treatment (EOT). Patients with liver fi-
brosis FO=F2 (31/31) (100%) achieved SVR (the two pa-
tients who did not achieve SVE12; one of them was F3
and the other was F4).

Of the two patients who failed to achieve sustained
virological response, one of them developed emerging
RASs Q80K in the NS34A region [sequencing analysis
revealed that in this patient, the cytosine nucleotide was
replaced by adenine at position 238 of the triplet, form-
ing the amino acid number 80, which resulted in the re-
placement of the glutamine (Q) amino acid with lysine
(K)], and the other patient did not have any emerging
RASs in the NS34A region.

Table 3 shows changes in the laboratory data of the
study group. There was a significant decrease in the
mean values of alanine aminotransferase (ALT) and
aspartate amninotransferase (AST) level after treatment
at week 4, week 8, at EOT, and 12 weeks after EOT (at
SVR 12) (p value = 0001 and <0.001, respectively).
There was no significant difference (p value >0.05)
between the mean platelet count before treatment and
after 4 and 8 weeks. However, there was a significant in-
crease (p value <0.05) in the mean platelet count at
EOT and at SVR 12. Regarding serum total bilirubin,
there was a highly significant increase (p value = 0.001)
in serum total bilirubin at week 4 and week 8 of treat-
ment compared to baseline. However, there was a

Table 2 Virological response in the study group
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significant decrease (p value = 0.001) in serum total bili-
rubin at SVR 12 compared to baseline. There was a sig-
nificant decrease in the mean Fib-4 index and APRI
score post-treatment when compared to pretreatment.

As shown in Table 4 and Fig. 1, after SMV/SOF ther-
apy, patients with liver fibrosis stage (F2, F3, and F4) de-
creased from 75.4% before treatment to 42.1% after
treatment and the total percentage of patients with liver
fibrosis (FO and F1) increased from 24.6 to 57.9%.

Table 5 shows that the highest significant decrease in
LSM, 72 weeks after EOT, was in patients with baseline
liver fibrosis stage F2 and F3 (p value = 0.001). There
was a significant difference between those with LSM im-
provement and those without LSM improvement, re-
garding treatment status before SMV/SOF therapy and
Fib-4 index improvement status 12 weeks after EOT (at
SVR 12) (p value = 0.042 and 0.035, respectively).

Multiple linear regression analysis showed that LSM im-
provement was significantly higher in patients who were
naive and patients who showed Fib-¢ index improvement
after SMV/SOF therapy. The sensitivity of Fib-4 index im-
provement in predicting LSM improvement was 81.6%
and specificity was 55.6%. Its positive predictive value and
negative predictive values were 88.6% and 41.7%, respect-
ively. The overall accuracy was 76.6%.

Two patients suffered from headaches (3.4%), two pa-
tients developed photosensitivity reactions (3.4%), one
patient developed bleeding gums (1.7%), and one patient
developed fatigue (1.7%). Bilirubin level raised above 1.2
mg/dl in 32/59 patients during SMV/SOF therapy with a
percentage of 54.2%. Among them, 9 patients (28%)
raised to a level above or equal to 2 mg/dl.

There was a significant difference between those who
developed an increase in serum bilirubin to a level 2 2
mg during SMV/SOF therapy and those who did not
show this increase, regarding baseline platelet count and
baseline LSM in kilo Pascal (kPa). Multiple linear regres-
sion analyses showed that the degree of rising in serum
bilirubin levels significantly increased in patients who
had higher baseline LSM (kPa). Six patients out of 9
(66.7%), whose bilirubin levels were elevated to a level
equal to or above 2mg/dl after receiving SMV/SOF
combination therapy, had liver fibrosis F4.

Itemn F3, F4 FO-F2 Total

Response: =——————
« Patients who achieved SVR12 0255 (26/28) 10080 (31/31) 57 (96.65%)
« Patients whao did not achieve SVR12 7.1%5 (2/28) 0 108) 2 (34%a)

p value e BA Qoo

Total number = 59 patients

MA not applicable, SWR12 sustained virological response with HOV RNA negative at 12 weeks after the end of therapy

® Statistically significant




186

Table 3 Changes in the laboratory data of the study group

Hepatology and Transplant Hepatology: A Case-Based Approach

Variable ALT AST PLT Bilirubin Fib-4 APRI
Baseline 4486+ 2134 S141 £ 2395 195 + 68 093 + Qa0 242 + 169 0821 £ 008
4 weeks 2519 + 907 3246 £ 1183 196 = 66 129 + 069
Percent of change = 4384% - 36865 0418 IBT%
p value 00~ oo ns Q001"
Bwaeks 2345 £ 933 2764 = 1091 07«74 1.26 = 064
Percent of change - 47 70% - 46.23% 5.80% 31548%
pvalue 0001+ o001 ns Q001"
12 weeks (EOT) 2668 £ 756 2903 £ 7.4 21552 0.98 04
Percent of change - a052% = 4354% 101 1% 537%
p value 0:001° oo 005" ns
12 weeks after EQT (SWR 121 24946 = 7H3 2953 = 651 218 £ 84 077 £ 020 160 £ 081 0407 = 003
Percent of change - 454783 - 42555 11.67% - 17.2% — 3388% - 5042%
p value 000" Q001- 00s5* Q00 ™ 0000 0027

Data were expressed as mean = standard deviation

Percent of change = [(variable 12 weeks after EOT = variable at baselinel/varisble at baseling] = 100
All p values compared the changes in the mean value of each parameter at a certain time in relation to the baseline, *Highly statistical significance
EOT endo of treatrment, SVRI2 sustained virological response with HOV RNA negative at 12 weeks after the end af therapy, ns not statistically significant

Discussion
HCV genotype 4a has been reported as the predominant
subtype in Egypt in some studies [18-20]. In a study
conducted in Damietta, El-Tahan et al. [21] found that
HCV genotype 4a represents 93.3% (28/30) and geno-
type 1 represents 6.7% (2/30). However, we found that
all 59 patients were infected with genotype 4a without
any baseline RASs at NS34A regions that reflect the high
prevalence of HCV genotype 4a in Upper Egypt and the
absence of baseline RASs in N534A regions in Egyptian
chronic hepatitis C (CHC) patients, and this is unlike
other regions in the world, whereas the prevalence of
QB0K in HCV genotype 1 in North America was 34%
[9]. To the best of our knowledge, we had conducted the
first study that reported the prevalence of baseline
MNS534A RASs in patients treated with DAAs in routine
clinical practice in Upper Egypt.

In the present study, the virological response agrees
with the results of another study conducted by El-
Khayat et al. [22] who assessed SVR12 for 583 Egyptian

Table 4 Fibrosis stage before and 72 weeks after SMV/SOF
therapy in SVR patients

Liver fibrosis Before treatment " 72weeks after J-'-‘me
stage (baseline) treatment

O 0075w 2008 000"
Fi 4 (756) 13 12255%) 000"
F2 17 (2685 701235 noo
F3 10 (17.5%) 2 135%) 000"
Fé 16 (28.2%) 15 (26,35} s

Tﬂ:j cases = 37
“Sratistically significant

patients with HCV genotype 4 infections after receiving
SMV/SOF without ribavirin for 12weeks, and the
SVRI2 rate in their study was 95.7% and was lower
among cirrhotic patients (80.8%). Our results are also
consistent with a study conducted by Eletreby et al. [23]
who revealed the SVR12 rate achieved among a cohort
of 6211 patients with genotype 4 HCV infection was
94%. Besides, we found that patients who achieved
SVR12 were still a viremic 72 weeks after EOT.

RAS testing was done in the two patients who did not
achieve SVR, and this revealed the presence of QBOK
RAS in one patient (50%). Due to the small number of
patients who did not achieve SVR12, only two patients,
we could not discover the possible predictors of the
development of emerging NS34A RASs. We just ob-
served that the female patient who developed QBOK
after SMV/SOF therapy had leucopenia at baseline
[TLC (Total leucocytic count) = 2.5 K/em] while the
other male patient who did not develop Q80K had
normal TLC (4.5 K/cm).

ALT is a biochemical marker for hepatocyte injury.
Persistent ALT elevation is associated with chronic
hepatitis C progression and increased risk for cirrhosis
and an indication for treatment [24]. In the present
study, there was a highly significant difference between
ALT levels before treatment versus the ALT level after
treatment at week 4, week 8, EOT, and 12 weeks after
EOT (p value = 0.001). These results agree with De Pace
et al. [25] who found that AST and ALT decreased
during therapy: baseline mean AST = 52 (32-81) Ul/mL
and mean ALT = 52.5 (34-83.2) Ul/mL vs EOT AST =
21 (18-28) Ul/mL and ALT = 17 (13-24.2). These
results show the rapid improvement of the inflammatory
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Fig. 1 Relation bepween fibrosis stage before and 72 weeks after SMWSOF therapy

After

process and hepatocyte injury accompanying HCV
infection,

Also, our study showed that non-invasive biomarkers
of liver fibrosis as APRI score and FIB-4 index improved
significantly in most of the patients. Unexpectedly, they
improved in patients who did not achieve SVR. Also, we
found that the possible predictors of APRI score im-
provement were lower baseline platelet, higher baseline
AST, and higher baseline APRI score. In addition, we
found that higher baseline AST was a possible predictor
of Fib-4 index improvement. These results go in
concordance with De Pace et al. [25] who found a
significant dropping of APRI score and a moderate im-
provement in platelet values from baseline to EOT. In
our study, platelet count increased significantly after
treating patients with SMV/SOF combination therapy,
and this agrees with Sayyar et al. [26]. Unexpectedly in
our study, PLT count increased even in patients who did
not achieve SVI.

Table 5 L5M before and 72 weeks after SMV/SOF therapy in
§HH patients

Baseline liver Mean liver stiffness Mean liver stiffness P value
fibrosis stage |before treatment 72 weeks after

(baseline) (kPa), treatment (kPa),

mean % 5D mean + 5D
Flin=4 6405 5409  0088ns
F2in=1% 8505 6113 oo
F3{n=10) 10.7 £ 0.7 692 000
Fa(n = 16) 248 £ 69 07 + 56 < 05"
Total {n=47) 1512054 1027 £ 097 000"

“Statistically significant

Lower baseline platelet count, higher baseline APRI
score, Fib-4 index, lower baseline prothrombin, and
higher baseline AFP (alfa-fetoprorein) were associated
with the increased PLT (platelet) count after treatment.
Nevertheless, linear regression analysis showed that
lower baseline platelet count is the main predictor of the
platelet count increase after treatment. This result may
be explained by Amer et al. who studied the relation be-
tween platelet viral load and the possible response after
antiviral therapy; low baseline platelet count and low
platelet viral load may explain the better response in
platelet count after antiviral therapy [27].

Amer et al. were investigating platelets as a possible
reservoir of HCV and predictor of response to treat-
ment, and they found that the platelet count tended to
be lower among those with rapid virological response
(RVR) compared to those with non-RVR throughout the
follow-up. In addition, they found that among individ-
uals with RVR, platelet counts declined slightly by week
4 and week 12 then gradually increased to reach pre-
treatment levels by week 48, but there was no similar de-
cline among patients who did not achieve RVR. Also,
they found that platelet count remained almost constant
over time, among non-SVR, but among SVR, it should
have a steady small decline until week 12, then it started
to increase to pre-treatment levels, and also, they found
that platelet counts did not correlate with platelet or
serum viral loads or treatment responses [27].

Regarding the effect of antiviral therapy on the degree
of hepatic fibrosis in our cohort, there was a significant
difference between the degree of liver stiffness by fibros-
can before and after therapy. According to literatures, a
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more accurate evaluation of fibrosis regression using
fibroscan needs longer duration after EOT. Liver stiff-
ness measurement can be influenced by inflammatory
activity. Transient elastography improves within a short
period of time following SVR, likely reflecting resolution
of inflammation rather than regression of fibrosis. How-
ever, for patients evaluated at later time points post-
SVR, elastography appears to have good performance
characteristics. Thus, delaying the post SVR assessment
of liver stiffness for at least 1 year post SVR would seem
prudent [28-30]. So we decided to choose a point of
time which is of longer duration than 1 year for a better
and more accurate evaluation of liver fibrosis regression.

Pons et al. [31] reported that the improvement of liver
stiffness was found 4 weeks after starting DAAs therapy,
which most probably reflects a reduction in inflamma-
tion rather than in fibrosis. We found that there was a
significant difference between those patients who
achieved liver stiffness improvement and those who did
not achieve liver stiffness improvement regarding treat-
ment status before treatment and the improvement oc-
curring in the Fib-4 index after treatment. Patients who
were naive or who showed post-treatment Fib-4 im-
provement were more liable for improvement of LSM
after SMV/SOF therapy. These parameters may be pos-
sible predictors of liver stiffness improvement.

Tag-Adeen et al. [32], in a study conducted in Qena
University Hospital that enrolled 80 CHC patients who
received different DAAs regimens, found that LSM
dropped from 15.6 + 10.8 to 12.1 +8 .7kPa post-SVE;
the maximum change of - 5.8 occurred in F4 versus -
2.79, - 1.28, and + 0.08 in F3, F2, and FO-F1, respectively
(p <0.0001). Also, those patients showed significant im-
provement in the APRI score and Fib-4 index after
achieving SVR. They found that younger age, male gen-
der, raised baseline ALT, and raised AST were possible
predictors of LSM improvement. Concerning the safety
profile in this cohort, the combination of SOF and SMV
appeared to be well tolerated in the majority of patients,
where no deaths or serious side effects leading to the
stoppage of the therapy had been reported. The inci-
dence and degree of the adverse effects are comparable
to those reported in the published international trials
using the same regimen and with the same doses.

The safety profile seen in this study is in-line with the
OPTIMIST-1 and OPTIMIST-2 studies [33]. Among the
fifty-nine patients, minor clinical side effects as fatigue
and bleeding gums were reported in one case for each
(1.7%). Headache and photosensitivity were reported in
2 patients for each (3.4%). After EOT, all the dermato-
logical manifestations gradually disappeared with a
complete resolution with no residual sequels.

Raised bilirubin > 1.2 mg/dl was the most frequent ad-
verse effect where it occurred in 32/59 (54.2%). Total
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serum bilirubin level exceeded 2 mg/dl in nine patients
(9/59) (17.3%). This rise was reversible and the bilirubin
level began to improve at week 8 of therapy, improved
significantly at EOT, and returned to normal 12 weeks
after EOT.

These findings came in agreement with the findings
observed by El-Khayat et al. [22]; photosensitivity oc-
curred in 1B patients among 583 patients (3%) and
hyperbilirubinemia occurred in 44 patients (7.2%).

The current work had some limitations: (1) the small
sample size was one of the drawbacks of the present co-
hort; (2) although the absence of baseline NS34A RASs
is a good indicator of its low prevalence in Egypt, this
made it difficult to study the effect of baseline N534A
RASs on the virological response after receiving the
NS534A inhibitor-containing regimen (SMV/SOF com-
bination therapy); (3) we could not study the efficacy of
SMV/S0F combination therapy on other HCV geno-
types because we found that all patients were infected
with HCV genotype 4a only, although this is a good in-
dicator of the high prevalence of genotype 4 in Egypt;
and (4) another limitation is that our cohort is a Single
Center Experience,

Conclusions

All patients had HCV genotype 4a without any baseline
RASs in the N534A region, One patient developed emer-
ging RASs Q80K in the N534A region. In addition, there
was improvement of non-invasive measures of liver fi-
brosis in patients who achieved SVR, 72 weeks after
SMV/SOF therapy.
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Evaluating lubiprostone for effective
bowel preparation before colonoscopy

Yasser Hamada' '@, Ibrahim Emam?, Rabab Maher® and Hassan El-Garem'

Abstract

Background: Colon preparation is a fundamental step for performing a successful colonoscopy. We aimed 1o
evaluate the effectiveness of administering lubiprostone (LB) added to a single dose of oral polyethylene glycol
(PEG) solution in achieving satisfactory colon cleanliness and decreasing the side effects.

Results: One-hundred percent of the control group patients reported that the experienced taste was worse than
expected, while in the intervention group half of the patients (50%) said that the taste was natural and 48%
experienced taste worse than expected (p<0.0001). Regarding Boston bowel preparation scale (BBPS), there was a
significant difference in the overall Boston scale (p=0.02) with more efficacy in the intervention group as 66% of
patients in the intervention group had good bowel preparation (5-7) and 24% excellent preparation (8-9). On the
other hand, the overall Boston scale in the control group showed that 54% of patients were between 5 and 7, and
only 16% of patients had overall Boston scale 8-9. In terms of the side effects of the preparation in both arms, the
majority of cases in the intervention arm did not complain of any side effects (78%), while the majority of the
complaints were vomiting in 16% of the intervention cases.

Conclusion: The current evidence suggested that adding LB to the colon preparation significantly improved the

tolerability and efficacy.

Keywords: Colonoscopy, Lubiprostone, Polyethylene glycol, Bowel preparation, Comparative study

Background
Colon preparation before the colonoscopy is of crucial
importance and is a major factor in the success of the
procedure as it helps to ensure ideal polyp detection
rates [1]. In the case of poor preparation, medical costs,
missed lesions, and procedure times are increased, leading
to decreased patient’s satisfaction [2). Before the colonos-
copy, dietary restrictions and bowel lavage using a prepar-
ation of sodium picosulfate plus magnesium oxide or
polyethylene glycol (PEG) are very critical. Osmotically
balanced PEG was introduced in 1980, and nowadays, it is
the most commonly used bowel preparations [3).

Many patients reported some complaints as the bad
taste and the large volumes required [4, 5]. Moreover, in
some cases, nausea, cramping, and vomiting were
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reported. All of these side effects directly influence the
adherence of the patients [6]. It was reported that the
compliance rates for colonoscopy screening were only
34% [7]. In order to decrease the side effects of PEG
preparation and improve its efficacy, many investigators
proposed the administration of lubiprostone (LB) prior
to the usage of PEG solution [8, 9].

LB is an approved medication for chronic idiopathic
constipation that activates the chloride type 2 channels
of the apical epithelial membrane in a selective manner
to enhance chloride efflux in the intestinal lumen, thus
maintaining its absorptive capacity [10]. The resulting
fluid softens stool and increases intestinal transit [11].
Most patients rapidly metabolize and tolerate LB very
well, as it acts locally inside the intestinal tract, and has
very low systemic bioavailability [12]. In this study, we
aimed to evaluate the effectiveness of administering LB
in addition to a single dose of oral PEG solution in
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achieving satisfactory colon cleanliness and decreasing
the side effects.

Methods

Study design

A parallel group randomized control study was con-
ducted throughout a period of 6 months (May-Novem-
ber 2019), recruiting a total of 100 patients who were
referred to the gastrointestinal endoscopy and liver unit
Kasr El Aini (GIELUKA) for colonoscopic examination.
By means of block randomization, patients were assigned
into either of the two study groups. The first group
(control group, n=50) received the standard bowel prep-
aration, two doses of PEG (120 mg of polyethylene gly-
col 3350 powder plus ascorbic acid), each dose added to
1L of water [13], while the second group (intervention
group, n=50) recieved lubiprostone-based preparation,
lubiprostone (LB) (24 pg) tablets twice daily for 2 days,
then only a single dose PEG 12 h before the colonos-
copy. Both groups received only clear fluids for 24 h
prior to colonoscopy. A written informed consent was
obtained from all patients included.

Inclusion and exclusion criteria

Adult patients (18-65 years) of both genders, with aver-
age bodyweight, were included. Patients with chronic
diarrhea, known or suspected ileus, gastrointestinal ob-
struction, gastric retention (gastro-paresis), rectal impac-
tion, toxic colitis, toxic megacolon, uncontrolled
inflammatory bowel disease presenting in severe activity,
or bowel perforation were excluded. Moreover, we ex-
cluded pregnant or breastfeeding females, patients with
previous significant gastrointestinal surgery, patients
with uncontrolled pre-existing electrolyte abnormalities,
patients with a severe renal impairment, and patients
who require emergency colonoscopy without bowel
preparation.

Data collection

Demographic data were obtained from all included pa-
tients, followed by complete colonoscopic examination
with intravenous propofol sedation. The degree of bowel
preparation was evaluated according to Boston bowel
preparation scale (BBPS). Moreover, patients’ feedback
regarding tolerability and accessibility was also assessed
using  the  5-point  Treatment  Acceptability
Questionnaire.

BEPS

The main objective of this scale was to evaluate specific
issues that are influencing bowel preparation quality, as
described by Kastenberg et al. [1). According to the
quality of the preparation, each colonic segment is
graded from O to 3. By adding the score for all three

segments, the overall score is obtained, resulting in a
score between 0 and 9. A score below 4 is considered a
bad preparation, resulting in a repeat procedure recom-
mendation. The score of 5-7 is considered to be good
preparation, whereas the score of 8-9 is considered to
be excellent.

Statistical analysis

With a sample size of at least 78 (39/group), we had a
power of 90% to assess whether the mean Boston scale
was significantly higher in the lubiprostone group (~7.25
(1)) compared to its mean value in the control group of
~6.5 (1), using a two-sample means test and a signifi-
cance level of 0.05. Descriptive analysis was performed
using STATA 15 and was described as mean and stand-
ard deviation (SD). Categorical variables were defined as
frequency and percentage. The difference between the
two groups was made using the chi-square test for cat-
egorial variables and the Student t-test for quantitative
variables. p-values of less than 0.05 were considered to
be significant.

Ethics and consent to participate

Being conformed to the ethical guidelines of the 1975
Declaration of Helsinki and its later amendments revised
in Seoul, Korea, October 2008 as reflected in previous
approval by the institution’s human research committee,
the study protocol was approved by the research ethical
committee of the endemic medicine department and the
institutional review board of the faculty of medicine,
Cairo University. All patients had signed a written in-
formed consent before the start of any procedure related
to the study. The personal data were concealed and re-
placed by numbers for patient’s confidentiality.

Results

Table 1 shows the demographic data of the included pa-
tients. In the intervention group, 42 (84%) of included
patients were aged 18-30, compared to 14 (28%) in the
control group (p<0.0001). Both genders were

Table 1 Demographic characteristics of the included patients

Control {(n=50) Intervention (n=50) p-".rnlue-

Age
18-30 14 (28%) 42 (84%) < 0000
30-40 11 (22%) & (12%)
40-50 14 [28%) 2 [4%)
50-60 8 (168%) Y]
> 60 3 (%) 0
Gender
Male/female 6014 1218 Q0
First colonoscopy 32 (64%) 41 (82%) 002
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represented in both groups (p=0.40). This was the first
colonoscopy experience for the majority of the included
patients (82% of the intervention and 64% of the control
groups). Regarding comorbidities, 72% of the patients
did not report any comorbidities; however, 18% of pa-
tients were hypertensive, and only 4% were diabetic.

The main concerns before colonoscopy in the inter-
vention group were purgatives (72% vs. 20%, p<0.0001),
sedation (38% vs. 70%, p=0.001), and colonoscopy (80%
vs. 66%, p=0.10), compared to the control group. Inter-
estingly, 100% of the control group reported that the ex-
perienced taste was worse than expected, while in the
intervention group, half of the patients (50%) said that
the taste was natural and 48% experienced a taste worse
than expected (p<0.0001). When the patients were asked
about the amount of liquid they can consume, their an-
swers were comparable in both groups (p=0.70). The
large liquid volume and bad taste are the main parame-
ters that discouraged patients in the control group. In
the intervention group, the patients reported bad taste
and diarrhea as the main parameters that discouraged

Table 2 Patient satisfaction
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them. When we asked the patients about how easy it
was to consume the study preparation, we found a sig-
nificant difference between both groups (p<0.0001); 80%
of the control group reported difficult or very difficult,
while only 12% in the intervention group chose difficult
and 66% tolerable. Therefore, all patients (100%) in the
control group would have used a different purgative if
they had the choice, compared to 26% in the interven-
tion group (p<0.0001), (Table 2).

Regarding the side effects of the preparation in both
arms, the majority of cases in the intervention group did
not complain of any side effects (78%), while the major-
ity of the complaints were vomiting in 16% of the cases.
Only 22% reported no side effects from the preparation
in the control group, but 34% complained of abdominal
pain and vomiting (Table 3).

With respect to BBPS, there was a significant differ-
ence in the overall Boston scale (0.02) with more efficacy
in the intervention group as 66% of patients had good
bowel preparation (5-7) and 24% excellent preparation
(8-9). On the other hand, the overall Boston scale in the

Parameters Control (n=50) Intervention (n=50) p-value
Wht concerns you most before colonoscopy Purgative 10 B < (OO0T
Sedation 35 19 0001
Colonoscopy 33 a0 0.1
| experienced the taste a5 Meutral 0 25 < 00001
Worse than expecied 50 29
Better than expected o i
Iaximum volume of liguid you would be abde 1o consume 05 L 6 07
iL 27 a7
2L 14 16
aL 0 1
Masirum volume (L) median (QR) 1 (1-2) 101-2) 0.3
What would discourage you mos; Bag taste a7 18 06
Bad smell 1] 2 a1
Too large liguid volume 31 8 < 0.0000
Lharrnea 7 19 0006
P sasy of difficult Wwas il 10 contume The study dugs Very difficuls 11 0 < 00001
Difficul i 6
Tolerabie 9 i3
Easy 1 11
¥ 1 had the choice, | would for nest colonoscopy Use a different purgative 50 13 < D000
Use this purgative 0 36
Trie cverall esperience of the preparation Poor 26 12 < 00001
Bad 12 ]
Fair 1 15
1 23

Good
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Table 3 Side effects
Control (n=50) Intervention {n=.€ﬂ! -] T

Experiencing side effects 39 (7&5%) 11 (229%) < 00001
Side effects

Mo 11 (2296} 39 (785 < 0.0001

Abdominal pain 11 {2234} 1 (2%)

Vomiting 918%) 8 (16%)

Abdominal pain and vamiting 17 (3496) 1 (2%)

Abdominal pain and headache 1(2%) 0

Abdominal pain, vomiting and headache 1] 1 (2%}

control group showed that 54% of patients were between
5 and 7, and only 16% of patients had overall Boston
scale 8-9 (Table 4).

Discussion

Diagnostic accuracy and therapeutic safety in colonos-
copy are significantly impacted by the quality of bowel
preparation [14-17]. In this prospective comparative
study, we addressed the quality of PEG preparation and
patient satisfaction in both groups. Our findings demon-
strated that adding LB to the preparation significantly
improved the tolerability of the preparation. Addition-
ally, it was associated with a lower incidence of adverse
events, except for some cases of vomiting. In terms of ef-
ficacy, and according to the BBPS, the overall good and
excellent outcomes of the intervention group were much
higher than the standard group (p=0.02). These findings
indicate that the addition of LB produced a better colon
cleansing, especially in the right colon. In addition, the

Table 4 BBPS
o Control (n=50) Intervention [n=50) P
Ascending :;I";'h-s:nru
i 25 16 0.1
2 24 32
3 1 2
Transverse colon score
1 15 & 002
2 29 29
3 & 15
Descending colon score
1 B 0 <0.0001
2 30 24
3 12 16
Overall Boston scale
<4 15 4 oz
5-7 22 33
8-9 B 12

reduced need to repeat procedures in the LB group
showed the significant impact of LB in the bowel prepar-
ation regimens.

Previous studies reported a success rate of PEG-based
preparations of 56 to 76% for bowel cleansing. In our
study, bowel preparation with the addition of LB has
been effective in up to 90% of participants [18]. The
rapid and enhanced colonic passage time with LB, to-
gether with the enhanced duration of bowel movement,
may have contributed to the efficacy [19]. At present,
the greatest obstacle for patient tolerance and adherence
is the large volume of PEG-based preparation and the
associated distension, fever, nausea, and vomiting. Small
volume PEG preparations provide an effective alternative
to regular volume preparations to decrease bowel prep-
aration pain and inconvenience [8].

Banerjee and colleagues evaluated the adequacy and
efficacy of LB and PEG as a colonoscopy preparation.
They found that excellent preparation was observed in
66.5% in the LB group and 38% in the standard group
(p<0.01), according to the BBPS scale [8]. Stengel and
Jones assessed the tolerability, safety, and efficacy of LB
prior to a single dose of PEG preparation without dietary
restriction. They found that the addition of LB enhanced
the colon cleansing in the whole colon. They showed
that the total procedure time and abdominal bloating
were significantly decreased in the LB group compared
to the second group. However, they could not find any
significant reduction in nausea in both groups [9].

Split dosing to improve patient tolerance has been rec-
ommended [20, 21]. However, Ell et al. have demon-
strated in the meta-analysis that more than 70% of the
patients had only a single intake of dosing [22]. There-
fore, the timing of the intake can be decided based on
the convenience of the patient. Our findings appear
similar. Furthermore, our study is noteworthy because
we included all patients referred for colonoscopy and
not only colorectal cancer screens. There have been no
dietary restrictions.

This is the first study in Egypt to show that even lower
doses of PEG will contribute to sufficient bowel cleaning
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by incorporating LB. The usage of a more practical
single-day PEG regimen will certainly boost patient ad-
herence in future with the CRC screening guidelines. In
fact, a preparation for a better colonoscopy was recently
recommended on that same day.

The present study has some limitations, as it is a
single-center study where only outpatients were re-
cruited. Compliance and the outcomes could be en-
hanced by fairly mobile patients with a clear clarification
of the planning procedures prior to the treatment.
Moreover, the lesion abnormality rate was not assessed.
It was not possible for us to speculate on the relation-
ship between enhanced bowel preparation and an im-
proved adenoma detection rate. In earlier studies,
however, improved BBPS scores were associated with in-
creased polyp detection rate.

The incidence and mortality of colorectal cancer de-
creased by diagnostic colonoscopies with exclusion sam-
ples of adenomatous polyps. However, patient
compliance and tolerability have been significantly im-
pacted by the obstacles of a large volume bowel prepar-
ation and the pre-procedure dietary restrictions. Our
study demonstrated that LB pre-treatment 2 days before
colonoscopy would enhance bowel cleansing with a sub-
stantially reduced rate of repeat procedures. Even lower
doses of PEG could be used without any effect on the
overall preparation quality.

Conclusion

The current study shows a strong evidence that using
lubiprostone is effective for sufficient bowel cleansing
prior to colonoscopy, in comparison to the standard of
care PEG preparation. Lubiprostone usage allowed redu-
cing the volume of PEG solution needed during colon
preparation which resulted in better patient satisfaction
and tolerability of the preparation, while maintaining
equivalent colon cleanliness results. Applying the same
preparation strategy to a larger number of patients
would allow better evaluation of the adenoma detection
rate.
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Five-day outcome of hepatitis E-induced
acute liver failure in the ICU

Debashis Chowdhury' '@, Farhana Mahmood?, Cathryn Edwards® and Simon D, Taylor-Robinson®

' Abstract

mortality. Practical treatments are currently few,

College Criteria for liver transplantation,

Background: Hepatitis E virus (HEV) is an important cause of acute liver failure (ALF) in Bangladesh with pregnant
mothers being more vulnerable. As HEV occurs in epidemics, it limits medical capabilities in this resource-poor
country. Cerebral oedema, resulting in raised intracranial pressure (ICP), is an important cause of morbidity and

» To study the baseline characteristics and clinical outcome of HEV-induced ALF in a recent HEV epidemic
s To detect raised ICP clinically and observe response 10 mannitol infusion,

This was a prospective cohort study from June until August 2018 of 20 patients admitted to the intensive care unit
(ICU) of a major Bangladeshi Referral Hospital with HEV-induced ALF. We diagnosed HEV infection by detecting serum
anti-HEV Igh antibody. All were negative for hepatitis B surface antigen and hepatitis A IgM antibody. Data were
collected on 5-day outcome after admission to ICU, monitoring all patients for signs of raised ICP. An intravenous bolus
of 20% mannitol was administered at a single time point to patients with raised ICP,

Results: Twenty patients were included in the study. Ten (50%) patients, seven (70%) females, received mannitol
infusion. HE worsened in eight (40%): seven female and three pregnant. Glasgow Coma scores detericrated in six
(30%): all (1009%) femnales and three pregnant. Conscipusness status was not significantly different between pregnant
and non-pregnant subjects, nor between those who received mannitol and those who did not. Six patients met King's

Conclusions: Female patients had a worse outcome, but pregnancy status was not an additional risk factor in our
cohort. Mannitol infusion was also not associated with a significant difference in outcome.

Keywords: Hepatitis E, Acute liver failure, Intensive care unit, Hepatic encephalopathy, Mannitol

Background

Every year, more than 20 million people contract hepatitis
E virus (HEV) infection, and among them, more than 70,
000 die from its complications, including acute liver fail-
ure (ALF) [1]. Most of these deaths occur in Asia, Africa
and Latin America, where contaminated water from flood-
ing of low-lying areas gives rise to epidemic of HEV infec-
tion almost every year [2].

= Corresponoence: gebashis? 1.20038wmnoocom

Cepanment of Castrcemerciogy and Hepatolagy. Chanogram Maa ©
Srichy Hocpaal (CIA0EH) Medical College, Chanogram, Bangladesh
Frail lisr of sutnor information is araifable &t the end of ine anicie

HEV infection is common in Bangladesh; Sheikh and
colleagues found IgM antibodies against HEV in 63.6%
of patients with ALF, 83.3% of HBV carriers and in 7.3%
of apparently healthy persons in their study [3]. Accord-
ing to another Bangladeshi study, in an epidemic of
HEV infection, which affected more than 4000 people,
most deaths oceurred in pregnant women [4]. Moreover,
women were more likely to die from the illness than
male subjects. In a different study, HEV-induced ALF
was found to result in mortality in more than 75% of
subjects in their second and the third trimester of preg-
nancy in Bangladesh [5].
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Studies in Bangladesh and India have demonstrated
that cerebral oedema resulting in raised intracranial
pressure (ICP) is an important cause of morbidity and
mortality in HEV-induced ALF [6-8]. Mannitol infusion
is often chosen as the first option [9-11] followed by
hypertonic saline and moderate hypothermia to manage
raised ICP in ALF patients [12, 13]. Barbiturates, indo-
methacin and hyperventilation were also used as short-
term salvage therapies in some refractory cases [10, 11,
14]. Mannitol acts by changing the viscoelasticity of
blood and drawing fluid along an osmotic gradient from
brain to blood [15]. A previous study [16] suggested that
infusion of mannitol could reduce the water content and
volume of normal brain tissue. However, mannitol can-
not act once brain tissue is permanently damaged. Cana-
lese and colleagues in a controlled trial demonstrated
that mannitol can both decrease the raised ICP level and
improve survival in ALF patients [9].

Acharya and co-workers in India found that outcome
of ALF in pregnant subjects was similar to that in non-
pregnant subjects, and one-third of ALF patients in their
study survived with aggressive conservative management
[6]. The authors also observed that two-thirds of deaths
due to ALF occurred within 72 h of hospital admission.
Shalimar and colleagues in their study observed that the
model for end-stage liver disease (MELD), ALF study
group model, and King's College Hospital criteria failed
to predict outcome in HEV-induced ALF [8].

We did this study during an HEV epidemic in a major
Bangladesh referral centre to audit treatment given to
patients with HEV-induced ALF and to assess the effect-
iveness of intensive care support in the epidemic. We
did this by using the clinical tools available in this
resource-poor country:

e Examining the baseline characteristics and clinical
outcome of HEV-induced ALF at 5 days

e Detecting raised ICP clinically and observing
response to mannitol infusion, a key treatment given
for HEV-associated cerebral oedema in Bangladeshi
patients with ALF

Methods

This was a prospective cohort study on baseline charac-
teristics and clinical outcomes of 20 patients admitted to
the intensive care unit (ICU) of Chattogram Maa-O-
Shishu Hospital (CMOSH) in Chattogram (Chittagong),
Bangladesh, with hepatitis E-induced ALF during an epi-
demic from June 2018 until August 2018 [17].

ALF was diagnosed by clinical detection of encephal-
opathy and raised INR within 24 weeks of development
of jaundice [18, 19]. ALF was diagnosed by increased
INR with or without hepatic encephalopathy (HE). We
took a history of onset, duration and clinical features
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from family members of subjects and consent from the
next of kin before enrolment in the study.

HE grade was defined by West Haven Criteria as fol-
lows: grade 1, any alteration in mentation; grade 2, som-
nolent or obtunded, but easily rousable or presence of
asterixis; grade 3, rousable with difficulty; and grade 4,
unresponsive to deep pain [20, 21].

We diagnosed HEV by serum anti-HEV IgM antibody
[22, 23]. All patients tested negative for hepatitis B sur-
face antigen (HBsAg) and hepatitis A (anti-HAV) IgM
antibody. Other causes of acute liver failure were
excluded.

We selectively intubated subjects with Glasgow Coma
Scale (GCS) =8 and/or respiratory acidosis in the setting
of severe HE (encephalopathy grade 2 3) [24].

We collected data regarding treatment, monitoring
and hemodynamic and laboratory values daily for the
first 5 days after admission to ICU. We monitored all
patients for oxygenation, vital signs and raised ICP. A
diagnosis of raised ICP was made when neurological
examination revealed either decerebrate posture or two
of the following four criteria: (1) hypertension (supine
blood pressure > 150/90 mmHg), (2) bradycardia (pulse
rate < 10/min for the expected pulse rate for the given
body temperature), (3) pupillary changes and (4) neuro-
genic hyperventilation (hyperventilation in the absence
of metabolic or respiratory cause) [25].

We infused an intravenous bolus of 20% mannitol in
ten patients with a clinical diagnosis of raised ICP. We
corrected any metabolic derangement before mannitol
infusion, and all patients received standard anti-coma
and supportive measures [14, 26]. Only single infusions
of mannitol were administered to those requiring treat-
ment—the dose was not repeated in any patient at any
time point.

We performed statistical analysis using the STATA
software, version 13 (StataCorp, College Station, TX,
USA), expressing continuous variables as mean, standard
error, and confidence intervals, with categorical variables
as frequencies and percentages. We compared continu-
ous data using two-sample Wilcoxon rank-sum (Mann-
Whitney) test and categorical data using Fisher's exact
test. A p value of <0.05 was considered significant. We
defined outcomes as HE deterioration and deterioration
of GCS after 5-day stay in the ICU.

Results
A total of 20 subjects were included in the study. Table 1
shows the demographic and biochemical characteristics of
our subjects. Figures 1 and 2 show HE grades from day 1
to day 5 and GCS scores from day 1 to day 5, respectively.
Figure 3 shows a flow chart of the patient journey.

HE worsened in eight subjects (40%); seven among
them (87.5%) were female, and of these, three (37.5%)
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Table 1 Demographic and bicchemical characteristics

Hepatology and Transplant Hepatology: A Case-Based Approach

Variable Mean Standard error [25% Conf, Interval]

Age (years) 357 323 7992 4348
Serum Bilinubin 1087 104 859 1306
mgfdl

Serum ALT 1528 210 1087 1970
Linits/L

MELD Score 2995 230 24495 3485
INR on Day 1 283 040 158 368
INR @n Day 2 02 nar 204 309
INR on Day 3 289 043 198 3180
INR on Day 4 281 042 192 AN
INR on Day 5 im D 207 354
Serum Creatinine 245 052 1.37 353
On Day 1 (mg/dL)

Serum Creatinine 249 045 146 151
On Day 2 {mg/dL)

Serum Creatinine 264 055 148 380
On Day 3 (mg/dL)
Serum Creatinine 238 046 13 325
On Day 4 (mg/fdL)

Serum Creatinine 236 045 138 335

On Day 5 (mg/dL)

were pregnant individuals. GCS deteriorated in six
(30%); of these, all (100%) were females, and of those,
three (50%) were pregnant.

The majority (75%) among our subjects were female,
Seven (46.67%) out of 15 females and one (20%) out of
five male subjects developed HE deterioration. HE de-
terioration was not significantly different between male
and female subjects (Fisher's exact=0.603).

Six (40%) out of 15 female subjects and none (0%) out
of five male subjects developed deterioration of GCS.
Deterioration of GCS was not significantly different be-
tween male and female subjects (Fisher's exact = 0.260).

Seven (35%) out of 20 subjects were pregnant. Three
(42.86%) out of seven pregnant subjects and five
(38.46%) out of 13 non-pregnant subjects developed HE
deterioration. HE deterioration was not statistically sig-
nificantly different between pregnant and non-pregnant
subjects (Fisher's exact=1.000). Three (42.86%) out of
seven pregnant subjects and three (23.08%) out of 13
non-pregnant subjects developed deterioration of GCS.
Deterioration of GCS grades was not significantly differ-
ent between pregnant and not pregnant individuals
(Fisher's exact=0.613).

Six (30%) out of 20 subjects met King’s College Cri-
teria for liver transplantation. Six (40%) out of 15 fe-
male and none (0%) out of five male subjects met
King's College Criteria for liver transplantation (p=
0.260). Three (42.86%) out of seven pregnant subjects
and three (23.08%) out of 13 non-pregnant subjects

met King's College Criteria for liver transplantation
(Fisher's exact = 0.613). Four (66.67%) among these
six subjects developed HE deterioration (p=0.018),
and five (83.33%) developed deterioration of GC5
(Fisher's exact=0.002).

One subject, a female, 30 years old, pregnant, serum
bilirubin 17 mg/dL, ALT 3120 units/L, MELD score 45,
HE grade IV, GCS <8, INR 4.12 and creatinine 5.1 mg/
dL, died on the third day in the ICU.

Mannitol infusion requirements
Ten (50%) out of 20 subjects received mannitol infusion.
Two patients (both female and one being pregnant) with
raised ICP could not be given mannitol infusion because of
renal impairment (serum creatinine more than 4.5 mg/dL).
Seven (46.67%) out of 15 female and three (60%) out of five
male subjects received a mannitol infusion. Three (42.86%)
out of seven pregnant subjects received a mannitol infusion.
HE deteriorated in 2 (10%) out of 10 patients who re-
ceived and 6 (30%) out of 10 patients who did not re-
ceive mannitol. HE deterioration was not significantly
different between patients who received and those who
did not receive mannitol (1-sided Fisher's exact = 0.085).
GCS deteriorated in 1 (5%) out of 10 patients that re-
ceived a mannitol infusion and 5 (25%) out of 10 patients
who did not receive a mannitol infusion. Deterioration of
GCS was also not significantly different between subjects
who received mannitol and those who did not receive
mannitol (1-sided Fisher's exact = 0.070),
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Fig. 1 Hepatic encephalopathy grades from day 1 1o day 5
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Mechanical ventilation requirement

Seven (35%) out of 20 subjects: three out of five males,
four out of 15 females and of these, two out of seven
pregnant subjects, received mechanical ventilation on
day 1. Nine (55%) out of 20 subjects: three out of five
males and six out of 15 females and out of these, three
out of seven pregnant subjects, received mechanical

ventilation on day 2. On day 3, nine out of 19 subjects:
two out of four male subjects and seven out of 15 female
subjects and of these, three out of seven pregnant sub-
jects, received mechanical ventilation. On day 4, seven
out of 17 subjects: two out of four male subjects and five
out of 13 female subjects and of these, one out of five
pregnant subjects, were ventilated. On day 5, seven out
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1= Severe (<8),
2= moderate (9-12) and
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of 17 subjects: two out of four male subjects and five out

of 13 female subjects and of these, one out of five preg-
nant patients, were ventilated.

Vasopressor requirements
From day 1 to day 3, a total of seven (2 males, 5 females and
of these, 2 pregnant) subjects received vasopressor support.

I

On day 4 and day 5, six (2 males, 4 females and of these, 1
pregnant) subjects received vasopressor support.

Haemodialysis requirements

Haemodialysis was started when subjects developed
renal failure (urine output less than 300 mL/day; serum
creatinine more than 400 micromol/L (4.52 mg/dL) with
a normal central venous pressure: two subjects—a
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TOTAL: N=20
AGE: MEAN 367 (16:72)
HE WORSENED: 8 (40%)

{ GCS WORSENED: 6 (30%) '

FEMALE: N=15 (75%)
AGE: MEAN: 37.67 (20-60)
HE WORSENED: 7 (46.67%)

GCS WORSENED:6 (40%)

PREGNANT: N 7 (35%)
AGE: MEAN 28,71 (20-42)
HE WORSENED: 3 (42.86%)
| GCS WORSENED: 3 (42.86%)

\ - Sl

LFIg. 3 Flow chart of the patient journey

!

MALE: N=5 (20%)
AGE: MEAN: 35.8 (16-72)
HE WORSENED: 1 (20%)
GCS WORSENED:D (0%)

NOT PREGNANT SUBJECTS: 13 (65%)
HE WORSENED: 5 (38.46%) :
GCS WORSENED: 3 (23.08%)

female, 22 years (creatinine 8.2 mg/dL), second, a fe-
male, 60 years (serum creatinine 7.1 mg/dL)). Both re-
ceived haemodialysis for 5 days in ICU.

Discussion
This study reports the acute outcomes in a typical
resource-poor setting in Bangladesh. The majority (75%)
of subjects were female. Seven (35%) patients in our
study were pregnant. Three (42.86%) out of 7 pregnant
subjects and 3 (23.08%) out of 13 non-pregnant subjects
had worsening of HE. Deterioration of HE was not sta-
tistically significantly different between pregnant and
non-pregnant subjects (Fisher's exact = 1.000).

In a previous study on this HEV epidemic in Chatto-
gram (Chittagong), Bangladesh, we found that among
230 of our patients 24 (10.4%) had developed ALF. Four

(1.8%) among them died due to multiorgan failure with
acute kidney injury, and all were pregnant [17].

Other studies in Bangladesh also found that women,
especially pregnant women, were more susceptible to
HEV-induced ALF and had worse outcome when they
developed ALF [4, 5]. Moreover, in another Bangladeshi
study, the authors observed that mortality approached
75% when women in the second and third trimester of
pregnancy developed HEV-induced ALF [5].

In prospective studies comparing HEV hepatitis and
non-HEV hepatitis in India, the authors observed that
55-70% of pregnant subjects with HEV hepatitis and
10-20% of pregnant subjects with non-HEV hepatitis
developed liver failure [27, 28). Furthermore, a study in
China also found that 15-60% of the pregnant subjects
with acute HEV hepatitis developed ALF [29].
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On the other hand, in a study in India, which included
20 years' data from a single tertiary centre, the authors
observed that pregnant and non-pregnant subjects had
equal chances of developing HEV-induced ALF [30]. In
that study, which compared 249 (38.5%) pregnant sub-
jects with 341 non-pregnant women and girls and 425
men and boys, aged 15 to 45 years, the authors found
that the mortality rate of pregnant women and girls
(53.8%) was similar to age-matched non-pregnant
women and girls (57.2%), men and boys (57.9%) (P =
0.572). The authors also observed that the clinical and
biochemical profile, disease intensity and sequelae were
also comparable in those three study groups. Although a
significantly higher percentage of ALF was attributable
to HEV among pregnant subjects (59.4%) in comparison
to both non-pregnant women and girls (30.4%) and men
and boys (23.1%), (P < 0.001), the outcome of HEV-
induced ALF had no association with the gender and
pregnancy status of the subjects (P = 0.103). Further-
more, the mortality of pregnant subjects in HEV-
induced ALF of 51% (74/145) and non-HEV-induced
ALF of 54.7% (52/95) was not significant (P > 0.1). In
addition, the authors also found that the outcome in
HEV-induced ALF in pregnant subjects was not associ-
ated with the trimester of pregnancy.

Shalimar and colleagues in their study observed that
the increased HEV-induced ALF and resulting mortality
might be due to the increased susceptibility of women,
especially pregnant women, to HEV infection during an
epidemic in affected populations [31]. Moreover, the au-
thors found that after the development of ALF, the prog-
nosis was not dependent on pregnancy status.

According to a study in Bangladesh (7], cerebral
oedema found in 48 (71.6%) among 67 subjects was the
most important cause of death in the ALF patients.
Acharya and co-workers in a study in India [25], which
included 423 consecutive patients with ALF due to hepa-
totropic viruses (predominantly non-A, non-B), found
that the presence of cerebral oedema was an independ-
ent predictor of adverse outcome,

We found that 12 (60%) among our 20 subjects
showed clinical features of raised ICP. Ten (50%) sub-
jects received mannitol infusion. HE deteriorated in two
{10%) out of 10 subjects who received mannitol and 6
(30%) out of 10 subjects who did not receive mannitol.
GCS deteriorated in one (5%) out of 10 subjects who re-
ceived and 5 (25%) out of 10 subjects who did not re-
ceive mannitol. Although the outcome was not found to
be statistically significant for either HE worsening (p=
0.085) or GCS deterioration (p= 0.070), the reason for
this can be explained by the small sample size of the
study.

Canalese and co-workers compared the effects of
prophylactic dexamethasone and mannitol infusion to
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revert cerebral cedema in subjects with ALF with HE
grade IV in a randomised controlled clinical trial. Cere-
bral cedema resolved significantly more frequently in 17
among 34 subjects who received mannitol and in 17
among 34 subjects who did not (p<0001) [9]. Survival
was also found to be significantly better in subjects that
received mannitol (p 0.008).

Acharya and colleagues [6] in India found that out-
come of ALF in pregnant subjects was similar to that in
non-pregnant subjects and one-third of ALF patients
survived with aggressive conservative therapy. Our study
also found that the outcome in pregnant and non-
pregnant subject was not statistically significantly differ-
ent. Moreover, HE worsened in 8 (40%) and GCS deteri-
orated in 6 (30%) of our subjects during the 5 days.
More than 60% of our patients showed clinical improve-
ment with conservative therapy.

Shalimar and his colleagues also observed that MELD,
an ALF study group model, and King's College Hospital
criteria failed to predict outcome in HEV-induced ALF.
In our study, six patients (30%) met King's College Cri-
teria for liver transplantation. Four (66.67%) among
those 6 patients developed deterioration of their enceph-
alopathy grades (Fisher's exact =0.018), and 5 (83.33%)
developed deterioration of GCS (Fisher's exact=0.002)
[8].

Limitations of our study

Most of our patients were transferred from different in-
patient units—medicine, obstetrics and surgery when
they were diagnosed as having HEV-induced ALF. We
could not take a detailed history from the patients or
look for other causes which could have modified the
clinical illness in our subjects owing to cerebral obtun-
dation. Furthermore, we could not test for HEV RNA
and detect the HEV genotype in our subjects, owing to
rEsOUrce issues.

Moreover, we diagnosed raised ICP, based on clinical
parameters, which may not be optimum in some cases,
again owing to lack of resources. The sensitivity and spe-
cificity of clinical parameters for the diagnosis of raised
ICP in the settings of ALF are low. Neurological examin-
ation and clinically establishing raised ICP in these pa-
tients can be challenging [24].

Conclusion

Most of our patients were female, and many among
them were pregnant. Female patients developed worse
outcome than male patients. Pregnancy status was not
associated with worse outcome in our cohort, More than
50% of our subjects had cerebral oedema, as evidenced
by clinical signs of raised ICP. Mannitol infusion, al-
though not found to be statistically significant, was ob-
served to improve outcome in them. Future directions
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should be early detection of cerebral oedema using more
sophisticated imaging techniques and management of
cerebral oedema using new therapeutic agents. Finally,
HEV infection is common in Bangladesh, and HEV epi-
demics can result in significant morbidity and mortality
in vulnerable populations, which include women and es-
pecially pregnant women. Aggressive conservative man-
agement with proper ICU protocols of HEV-induced
ALF may save many lives.
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Self-expandable metallic stents (SEMS) in
esophageal varices post-band ulcer
refractory bleeding: a retrospective study

Osama Elbahr''®, Ahmad Kamal', Ayman Alsebaey', Mohamed Amin', Mohamed Abbasy', Ahmad Edris',
Ali Nada', Alyaa Sabry', Sameh Afiffy', Abd El-Aleem Helal', Mohamad Abd El-aziz* and Abd El-naser Gad-Allah’

Abstract

Background: Post-variceal band ligation bleeding ulcer is a severe complication with considerable mortality. We
tried evaluating self-expandable metallic stent (SEMS) with concern to the ulcer morphology not well studied.

Results: We did a retrospective analysis of patients with bleeding post-band ulcers and treated by SEMS with

concern to control bleeding and 6 weeks survival. Twenty-eight patients studied had their age (mean £ 50) 578 =
8,6 years, and 85.7% were males. The Child-Pugh score range was 5-12]. Control of bleeding by SEMS was achieved
in 23 (82.19) patients, and overall, 6-week survival was 75%. Both post-band ulcer types B (oozing blood and type C

definite treatment bridge.

{active spurted) were a risk for 6 weeks mortality (P = 004, OR 1.58, Cl 95% 1.12-2.23).
Conclusion: SEMS is considered an excellent choice to control esophageal post-banding ulcer bleeding and a

Keywords: Liver cirrhosis, Portal hypertension, Varices, Post-band ulcer, Metallic stents, Bleeding

Background
Liver cirrhosis is a consequence of multiple eticlogies
that affect the liver. Chronic hepatitis C [1] and B vi-
ruses, non-alcoholic steatohepatitis, and alcoholic steato-
hepatitis are the most common leading causes of
cirrhosis [2). Patients with liver cirrhosis are classified
into compensated or decompensated cirrhosis, according
to Child-Pugh classification [3]. Further staging of cir-
rhosis depends on the development of varices, variceal
bleeding, jaundice, hepatic encephalopathy, and ascites’
development. The previous staging is the clinical presen-
tation of portal hypertension that developed because of
liver cirrhosis [4].

Esophageal varices are portosystemic venous channels
and present in about half of patients diagnosed with cir-
rhosis. When portal pressure elevated to be clinically

* Correspondence; osamaelbanr@livermenafia edu.eg: oalbahi@yahoo.com
"Hepatclogy and Gastroenterology Depaniment, National Liver Institute,
Menoufia University, Shebin Alkawm, Menoufia, Egypt

Full Hst of author information is available at the end of the article

significant (hepatic vein portal gradient [HPVG] > 10
mmHg), portosystemic collaterals develop [5]. They at
first create as little varices that continuously expand at a
pace of 5% every year [6]. Screening for varices is an es-
sential step in patients diagnosed with cirrhosis, and
upper gastrointestinal endoscopy is the procedure of
choice for defining, typing, and grading varices. Prophy-
laxis from 1st esophageal varices bleeding is achieved by
either varices band ligation or non-selective beta-blocker
administration [5, 7).

Acute variceal bleeding (AVB) is a well-known danger-
ous inconvenience in patients with cirrhosis. Current
standard-of-care treatment incorporates the blend of
vasoactive medications, band ligation, and anti-infection
agents [8]. Endoscopic variceal band ligation (EVL) and
pharmacological therapy for active esophageal wariceal
hemorrhage remain the first-line therapy. In most cases,
band ligation outcomes are excellent, offering high initial
hemostasis levels, low rebleeding rates, minimal side ef-
fects, and increased survival compared to sclerotherapy.



Variceal ligation using an endoscope of diagnostic size
can monitor excessive variceal bleeding with bands on
active varix [9]. After EVL, the ligature bands stay in
place for a range of 3 to 7 days. An ulcer remains that
heals within 2 to 3 weeks. The thrombus formation is in-
complete when the ligature band sloughs off, post-
ligation ulcer bleeding occurs. Overall, the risk of post-
EVL ulcer bleeding is 3.6 to 15% [5]. The placement of a
transjugular intrahepatic portosystemic shunt (TIPS) is
considered for patients with treatment failure or recur-
rent bleeding, but it is not applicable for all cases [10].
For 10-20% of cirrhotics refractory for medical and en-
doscopy therapy, alternative treatment options must
mitigate the substantial morbidity and mortality associ-
ated with it [11]. Nevertheless, the 6-week mortality rate
after an E.V. bleed index is approximately 20%. However,
it varies from 0% among patients with Child-Pugh class
A to roughly 30% among patients with Child-Pugh C
disease [12].

Years ago, self-expanding metal stents (SEMS) were
proposed in palliation for esophageal malignancy [13].
The fully covered SEMS is considered a rescue therapy
in patients with refractory esophageal variceal bleeding.
These stents can be deployed endoscopically in the
lower esophagus with or without radiological assistance
and easily removed later [14-16].

Methods

A retrospective study conducted on 28 patients with re-
fractory bleeding post-band ulcers admitted to a special-
ized tertiary center (Hepatology and Gastroenterology
Department), National Liver Institute, Menuofia Univer-
sity, Egypt, who received fully covered self-expandable
metallic stents (FCSEMS) (NITI-5 Mega stents-Tae
Wong-S Korea) as a management of their refractory
bleeding from post-variceal band ligation ulcer between
January 2017 and December 2018.

During these 2 years, 1324 cases of hematemesis were
admitted to our hospital, and 1096 cases had portal
hypertensive cause of bleeding, and 612 had esophageal
varices bleeding.

Prior endoscopic band ligation (EBL) treatments in the
emergency setting, laboratory parameters, size of varices,
and the bleeding episodes were recorded. The Child-
Pugh score, MELD, MELD-Na, and ALBI were calcu-
lated. Rebleeding rates and mortality after SEMS place-
ment were defined as primary efficacy endpoints within
6 weeks. Moreover, adverse events and the patients’ clin-
ical course were recorded. We recorded rates of success-
ful bleeding control (< 5 days), early rebleeding (< 6
weeks), bleeding-related mortality (< 6 weeks), and over-
all mortality. Successful SEMS removal was defined as
no rebleeding or death within 1 day after stent removal.
Refractory acute wvariceal bleeding (failure-to-control
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bleeding) with vasoactive drugs and endoscopy was de-
fined according to the Baveno IV and V guidelines [17,
18]: fresh hematemesis or aspiration of more thanl00 mL
of new blood via the nasogastric tube beyond 2 h after the
endoscopy and a 3 g/dL drop in hemoglobin without
blood transfusion. According to the Baveno V guidelines,
rebleeding was defined as evidence of rebleeding from
portal hypertensive sources (hematemesis, melaena, aspir-
ation of more than 100 mL of fresh blood in patients with
a nasogastric tube or drop in hemoglobin of 3 g/dL with-
out blood transfusion) [17, 18].

We classified post-banding ulcer endoscopically into
(A) ulcer covered with clot; (B) ulcer oozing with blood;
and (C) ulcer actively spurting.

We excluded patients with age < 18 years, intermedi-
ate and advanced HCC, the simultaneous presence of
fundal varices, and previous attempts for balloon tam-
ponade (B.T.) by sungestaken tube insertion manage-
ment for refractory bleeding.

The technigue of stent deployment
After sedation and adequate airway protection, the pa-
tient was placed in the left lateral position, the endo-
scope was passed into the esophagus, and a guidewire
(0.035-in.) was established. The SEMS was loaded onto
the guidewire and passed under fluoroscopic guidance.
The radiopaque markers were helpful in the accurate
positioning of the stent. Oral feeds with a liquid diet
were started 12-24 h after the procedure, and patients
were positioned at 45° in a supine position for 1 day.

Mo informed consent has been obtained in this retro-
spective study.

This study was conducted under the Declaration of
Helsinki and approved by the ethics committees of our IRB.

Calculations
From online calculators
Child-Pugh
https:/fwww.mdcalc.com/child-pugh-score-cirrhosis-
mortality
ALBI
https://www.mdcalc.com/albi-albumin-bilirubin-grade-
hepatocellular-carcinoma-hee
MELD
https://www.mdecalc.com/meld-score-original-pre-2
016-model-end-stage-liver-disease
MELD-Na
https://www.mdcalc.com/meldna-meld-na-score-liver-
cirrhosis

Statistical analysis

Results were statistically analyzed using IBM SPS5
version 21 for Windows. Variables were summa-
rized as mean % 5D, range, median, or frequency
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(%), as appropriate. Student’s ¢ test was used to
compare the results of all examined subjects in all
groups under study. Odds ratio (OR) and 95% con-
fidence interval (CI), and the chi-square test were
used. Results were considered significant when P <

0.05.

Table 1 Demographic, clinical, and endoscopic characteristics

of the patients:

Characteristics Range

Age, years (mean + S0) 35-75 566 = 94
Gender (male) NO % 24 (85.7%)
E;rrhns-s astiology (HOWHEW) NO 24 (B5/7%)/4
Diabetes NO % 13 (46:4%)
Hypemension MO % 3 (10758
Smokers NO % 5 (32.19%)

HCC MO % 5 [17.85%)
PYT WO % 6(21.4%)
SBP at admission 12 (42.86%)
CTP class (A/BAC) MO % 3 (10.79%)/15 (53.6%)/10

(35.7%)

CTP score (mean & 5D) 5-12 85 % 1 8/median &
MELD at admission (mean £ 500 8-42 157 £ 63
MELD Ma at admission (mean = 10-42 W0 =64

s

ALBI at admission [mean £ 50) - 236to- - 136=058

014

Fost band bleeding presentation  2-14 days  Median 10 days
nme

Mean blood pressure (mean + 53-97 75+ 108

S0

Hemogloten at admission gfdl 62-13.2 824145
{mean + 50)

Units of transfused Bload (NO) 0-1& Madian 2 units
Prophylactic antibiotics (NO)

= 3rd cephalosponing - 18

= Quinclones -4

= combined -6

Ponal decompressive drugs (NO)

- Sandostatin - 14

- glypressin - 14

OWs size (smalllarge) NO % 15 (53.57%) 13

(46.43%)

Post band ulcer MO %

- Type A - 0 (32.14%)

- Type B - 7(25%)

- Type C - 12 (4285%)

207

Results

Patients’ characteristics

From our data, esophageal variceal bleeding was 46% of
all cases of hematemesis present in our department, and
refractory bleeding post-variceal band ligation was 4% of
variceal bleeding cases.

As presented in Table 1, 28 patients studied had
their age (mean + S.D.) 57.8 + 8.6 years, and 85.7%
were males. Their Child score range 5-12 and the
median was 8. Five patients had early-stage HCC.
21.4% of the patients had portal vein thrombosis
(PVT). Patients presented with bleeding after previous
band ligation either 1ry or 2ry prophylaxis for
esophageal varices 2-14 days with 10 days median.
On admission, their prognostic scores were MELD
157 + 63, MELD Na 20 + 64, and ALBI score -
1.36 + 0.58. Patients needed 0-16 units of blood
transfused with a mean of 2 units.

Bleeding post-banding ulcer (BPBU) classified endo-
scopically into (A) 32.14% ulcer covered with clot (9 pa-
tients); (B) 25% ulcer oozing blood (7 patients); and (C)
42.86% ulcer with active spurting (12 patients).

Post-SEMS placement outcomes (Table 2, Figs. 1 and 2,
and Additional file 1)

Regarding control of bleeding, 3 (10.7%) patients had
uncontrolled bleeding, despite stent insertion, and all
died. Two patients experienced early rebleeding after

Table 2 Qutcome data

N (%)
Conwrgl of bleeding
Uncontrolied 3
Re-bleeding 2 (1 stent displaced-1 post-
stent rermoval)
controlked 23 (82%)
& weeks sunvival (deceased/alive) 721 [75%)
Srent displaced & (21.43%) {1 re-stent and 3
re-positioned)
Stent-refated complications (no. 4) 2 aspiration
2 aspiration
bronchopneumaonia
Development of encephalopathy post- 9 (32.19%)
endoscopy (no. 9)
Coven
Ot [
6 weeks cause related manality (na. 7)
Bleeding 4 (14,3%)
Sepsis 1
MOF 2
Rescue therapy 2 sungestaken tubes (1

deceased)
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L Fig. 1 a Type A ulkcer with an adherent blood clot. b Type B uicer with oozing blood. € Type C ulcer spurting blood J

initial management. SEMS achieved bleeding control
in 23 (82.1%) patients. From all patients, for 42 days
follow-up, 14.3% of patients died due to bleeding.
The mean days of survival were 34 (Cl 95% 28-39)
with 6 weeks survival 75%. Six (21.4%) patients’ stents
were displaced, and only one patient experienced
rebleeding that was uncontrollable after sungestaken
tube insertion, and he died. The others, one patient,
undergone re-stenting, three stents repositioned, and
one showed healed stable ulcers, so followed up. Suc-
cessful stent removal was done in 20 (71.4%) patients
from 23 who survived. At the same time, one patient
had rebleeding after stent removal controlled by sun-
gestaken tube insertion. Nine patients (32.1%) devel-
oped hepatic encephalopathy post-SEMS deployment.
Two patients had aspirated, and another two patients
developed aspiration pneumonia.

Identified risk factors for & weeks mortality after SEMS
deployment

Univariate analysis was conducted (Tables 3 and 4)
revealed that post-band ulcers other than type A, de-
velopment of overt hepatic encephalopathy were a
risk for 6 weeks mortality (P = 0.04, 0.02 respect-
ively). Low baseline arterial blood pressure (65 + 6.7,
P = 0.003) and increased number of transfused blood
units (5.4 + 4.8, P = 0.006) were associated with &
weeks mortality.

Discussion

Current guidelines recommend either balloon tampon-
ade (B.T.), SEMS, or TIPS to manage refractory and
endoscopically uncontrolled variceal bleeding (11, 19].
Mevertheless, the evaluation of SEMS in refractory
bleeding post-band ulcers concerning ulcer morphology
was not well studied.

In our study, we had a high rate of successful bleeding
control in 82% of patients. Our rebleeding rate was so
low that only one patient due to stent displacement and
another after stent removal. A meta-analysis comprising
W = 134 showed a failure-to-control bleeding rate of
14.2% [8]. Pfisterer and colleagues showed 1/3 of their
cases achieved control of bleeding in their follow-up
period. Also, they showed a higher overall rate of
rebleeding, especially after stent removal (about 29.4%)
[19]. In the previously mentioned meta-analysis, post-
SEMS removal bleeding was 11% [8]. Another meta-
analysis showed rebleeding rate was 13.2% [6]. This dif-
ference could be attributed to the type and diameter of
SEMS used. In our study, a mega stent with a diameter
of 28 mm that is fitting well on the esophageal wall.

Pfisterer stated that “bleeding-related mortality was as
high as 47.1% (n = 16/34) of patients in our study, in-
cluding 20.6% (# = 7/34) who deceased owing to uncon-
trolled bleeding” [19]. In our retrospective analysis,
bleeding-related mortality was very low, 14.3 (n = 4/28),
and this agrees with two recent meta-analyses, the first
found 12% for mortality related to variceal bleeding, and
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Table 3 Univariate analysis for mortality & weeks follow-up

6 weeks mortality 6 weeks mortality Test P value Cl 95%
Dead 7 Alive 21
Age, years 558 + 1038 585+ 82 T 05 (= 10.45-5.2)
- 0.68
CTF score B7x 18 B5=18 T 0Bs {— 1.5-1.8)
017
MELD at admission 17.14 £ 1145 1524 £ 3.72 T 008" (- 38-78)
28
MELD MNa at admission 2286 £ 965 1905 £ 49 T 0004 = 185-947)
31
Hemoglobin on admission g/dl 7Bx12 B4£15 T 04 - 185-077)
- 0.84
Mean blood pressure on admission 65,14 £ 674 783 £ 988 T Q003" (=215 10 = 4.5)
-3.2
UNITS of blood 54+ 48 215 T Q005" {1.05=5.8)
29
ALBI = 116 %= 069 =142 £ 054 T 03 {—025-0.77)
1.03

* means significant

18% for failure to control bleeding with SEMS [8], and
the second found 12.6% of patients died from uncon-
trolled bleeding [6]. We think the possible explanation
for this with our results is selecting patients with post-
band ulcers only in our study.

A multicenter trial compared SEMS with balloon tam-
ponade (B.T.) in a series of cirrhotic patients with vari-
ceal bleeding. This study showed a superior safety
profile and higher efficacy in controlling bleeding with
SEMS. However, the use of SEMS did not result in im-
proved survival [20]. They had no patients who devel-
oped aspiration and aspiration pneumenia in the SEMS
group. Still, in our study, we had two patients who had
aspiration and another two who developed pneumenia,
which could be due to the low number of participants in
the Escorsell study (»n = 13) [20].

Stent dislocations were found in » = 13 (38.2%) pa-
tients in Pfisterer study 2019. In our analysis, it was n =
6 (21.43%) patients. In a meta-analysis, the incidence of

Table 4 Clinical data related to & weeks monality

stent migration was 21.6% [6]. The different types and
diameters of SEMS used in the study may be the explan-
ation for this difference.

Six weeks of survival in our study was 75% (1 = 21). In
the Spanish clinical trial study, the survival was 54%,
which is not different from the B.T. group 40% [20].
47.1% of patients died within 6 weeks due to bleeding-
related complications in Plisterer study [19]. Pooled 30-
day and 60-day survival rates were 68% and 64%, re-
spectively, in a meta-analysis [11].

Mo previous studies specified post-band ulcer bleeding
in their analysis and respect to the ulcers’ morphology.
In our research, the ulcer type has a significant impact
on rebleeding and meortality after SEMS insertion. As we
have all type A (ulcer with clot) patients that had 100%
for both bleeding control and 6 weeks survival. So, we
think the ulcer type can guide the intervention modality
to be used. Jamwal and colleagues tried in their retro-
spective study to evaluate the impact of the morphology

& weeks mortality 6 weeks mortality Test P value Cdd's ratio Cl 95%
Dead 7 Alive 21
HCC Yes 2 40% i 60 Fisher 057
Mo 5 21.7% 18 783% 07
SBP Yes 3 25% 9 5% X2 05
No 4 25% 12 75% i
Post-band ulcer Type A 0 %8 9 100% e 0. a3e 158 {1.12-223
Type (B and C) 7 3I6.8% 12 63.2% 4
Encephalopathy ~ Overt 4 66.7% 2 33.3% x? 002" 259 (08-8.1)
Cowvert 3 13.6% 19 B54% 7
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of post-band bleeding ulcers on the choice of treatment
options, and they found that ulcers with clots could have
a favorable outcome with repeated banding or SEMS in-
sertion according to Child-Pugh class [21].

The most important limitation of our study is its un-
controlled retrospective design and the low number of
Cases.

Conclusion

SEMS is a very effective strategy when used appropri-
ately in post-band ulcer bleeding. We should take into
consideration the morphological picture of the ulcer and
the general condition of the patient. So, we can get a
high rate of bleeding control and survival benefits.
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Norfloxacin with itopride versus
norfloxacin alone in secondary
prophylaxis of spontaneous bacterial

peritonitis

Afaf Y. M. Younes', Sherief Abd-Elsalam'’' @, Gehan F. Attia® and Mona A. H. Shehata'

Abstract

Background: Bacterial translocation is considered the pathophysiological hallmark in the development of

spontaneous bacterial peritonitis (SBP). Prokinetics can increase gastrointestinal (GIT) motility, reduce small bowel
transit time, decrease bacterial translocation, and the possibility of SBP. The aim of this work was to compare the
effectiveness and safety of itopride and norfloxacin versus norfloxacin only in secondary prophylaxis for cirrhotic

ascitic patients with spontaneous bacterial peritonitis,

Results: Regarding the baseline clinical manifestations and laboratory investigations, there was no significant
difference between both groups. The incidence of a recurrent SBP in group |, who had received itopride plus
norfloxacin, reduced with a significant difference than other group Il (P=0.018). The median time for recurrence of
SBP was highly longer in group | than group Il with 2 significant difference (P=0.042).

Conclusions: The combined usage of itopride with norfloxacin in patients with cirrhosis and ascites can decrease
the occurrence of a recurrent 5BP and significantly improve the survival of patients.

Trial registration: ClinicalTrials.gov Identifier: NCT04161768.
Keywords: Spontaneous bacterial peritonitis, Cirrhosis, Ascites, Prokinetics, Norfloxacin, ltopride

Background
Spontaneous bacterial peritonitis (SBP) is an ascitic fluid
infection that occurs spontaneously with no overt source
that can be remedied surgically. It is a common compli-
cation in cirrhotic patients with ascites. All cirrhotic pa-
tients with ascites are at risk of SBP. The occurrence of
SBP is 1.5-3.5% in outpatients and is about 10% in hos-
pitalized patients [1].

The most common life-threatening complication in
patients with cirrhosis and ascites is SEP and the mortal-
ity rate ranges between 30 and 50%; prompt diagnosis

* Comespondence: sherl_tropica’'@yahoocom
‘Cenarment of Tropocal Medscine and infectious Diseases, Faculty of
Wedicing, Tarda Universily, Eloenr Streer, Tanta 35111, Egypt

Ful st of author information i available at the end of the anicle

and treatment are the most common variable causes in
reducing morbidity and mortality from SBP [2].

When the number of polymorph nuclear cells was>
250 cellsfmm? in ascitic fluid in the absence of the
source of intra-abdominal infection, the diagnosis of SBP
is established [1].

Variable factors are associated with the development
of SBP but bacterial translocation is considered the
pathophysiological hallmark in immune-compromised
hosts in the pathogenesis of SBP [3].

SBP treatment is based on the administration of
broad-spectrum empiric antibiotics such as third-
generation cephalosporins, For patients with beta-lactam
allergy, alternatives include fluoroquinolones such as
levofloxacin can be administered [4].
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Recently, it was found that prokinetics could increase
GIT motility, decrease small bowel transit time and de-
crease small intestinal bacterial overgrowth (SIBQ), so
could decrease bacterial translocation and the possibility
of SBP [5].

The aim of the work was to compare the effectiveness
and the safety of itopride with norfloxacin versus nor-
floxacin only in secondary prevention of spontanecus
bacterial peritonitis in cirrhotic ascitic patients.

Methods

This randomized study was conducted on 80 cirrhotic
patients with ascites and previous episode of SBP attend-
ing to the Tropical Medicine Department of Tanta Uni-
versity Hospital in a time of 1 year since December 2018
toward December 2019. The committee of ethics of sci-
entific research of Tanta Faculty of Medicine approved
the studied protocol and written consents were obtained
from the studied groups for participation. The study was
registered on clinicaltrials.gov with a registration num-
ber NCT04161768. For comparing the 2 groups, we
adopted simple randomization through computer-
generated random numbers with equal allocation ratio
by referring to a table of random numbers.

Patients with cirrhosis and ascites and with previous
events of SBP who were diagnosed by pelvi-abdominal
ultrasound, liver function tests, and ascitic fluid aspir-
ation, and analysis were included in the study and all pa-
tients included in our study did not receive prokinetices
before. However, patients with ascites due to causes
other than cirrhosis, patients with hepatocellular carcin-
oma or any other neoplastic disorder, pregnant and lac-
tating women, patients with recent antibiotic therapy in
the 2 weeks before or patients with allergy or other con-
traindications of the used drugs were excluded from the
study.

Patients in our study were randomized into 2 groups:
group 1, cases who received itopride 150 mg daily plus
norfloxacin 400 mg daily; group 2, patients who received
norfloxacin 400 mg daily alone. The two studied groups
were followed up for 6 months, every 2 months for as-
citic fluid analysis and when the clinical examination can
be suggested SBP sings such as fever, tenderness, ab-
dominal pain, or vomiting are present. The compliance
was detected by asking the patients through their tele-
phone numbers and by recovery of empty drug enve-
lopes. Flow chart of the study is demonstrated in Fig. 1.

All patients were subjected for full history taking with
attention on history of a previous attack of SBP, symp-
toms related to spontaneous bacterial peritonitis, history
of treatment received through the 2 weeks before ascitic
sample aspiration or history of the hepatic encephalap-
athy. Complete physical examination with attention on
manifestations of advanced chronic liver disease.
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Laboratory investigations was performed for all the pa-
tients enrolled in the study including complete blood
count (CBC), liver biochemical investigations, coagula-
tion profile, kidney function assessments, serum C-
reactive protein (CRP), ascitic fluid chemical, physical
and cytological analysis and culture, and the serum-
ascites albumin gradient (SAAG). Pelvi-abdominal ultra-
sound was done for all patients to asses liver conditions
and aspiration of ascitic fluid sample can be performed.

The primary end point was the percentage of patients
who developed a recurrent attack of SBP at the end of
six months follow up. The secondary end points were
the mortality rate in both groups.

Statistical analysis

The collected data statistically analyzed by usage of the
statistical package for social studies (SPSS) program.
These numerical variables included (mean+5D) were cal-
culated. The analysis of variance (ANOVA) was used to
parallel of mean values between both groups. When
ANOVA (F) value was significant, post hoc test (LSD)
test could be used to assess the difference between both
groups. The comparison of both groups was done by
usage (chi-square-test (x2) to assess qualitative data; Stu-
dent ¢ test to carry out the significance of the difference
in two means of parametric data; and Mann-Whitney U
test to assess the significance of the difference in both
variables of (numerical) non parametric data). The re-
sults were represented in tables and graphs. The level of
significance was taken at p value of <0.05. P value is ei-
ther non-significant (NS) if > 0.05, significant (8) if <
0.05, or highly significant (HS) if < 0.001 was calculated.

Results

QOur study enrolled 80 patients, 46 men in addition to 34
women and their mean age was 57.50 = 6.48 years for
group I and 59.40 + 6.16 years for group II (Table 1). As
regard to the clinical manifestations which were present
in both studied groups, there was no significant differ-
ence between both two groups. Regarding the laboratory
investigations, there were no significant variances be-
tween both studied groups (Table 1).

The ascitic fluid culture of the two studied groups did
not show significant difference between both groups.
The most frequent organism in both groups was E. coli
(Table 2).

Table 3 shows the incidence of recurrence of SBP and
the cause of death in both groups. There was a signifi-
cant increase in the occurrence of recurrent SBP in
group Il with P value (P=0.018*). Also, the number of
deaths showed a significant increase in group Il P=
0.043%and SBP was significantly considered the main fac-
tor of death. Table 4 shows the median time for recur-
rence of SBP in the studied groups which was
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significantly longer in group I P=0.042*. Figure 2 shows
Kaplan—-Meier survival curve which was used to assess
the survival among the studied groups. Regarding the
side effects of drugs, no side effects were reported by the
included patients in both groups.

Discussion

The most common potential life-threatening complica-
tions in patients with cirrhosis and ascites is SBP where
the mortality rate is alternating between 30 and 50%;
hence, the prompt diagnosis and treatment are the most
common variable causes in reducing morbidity and mor-
tality of SBP. Bacterial translocation is considered the
pathophysiological hallmark in developing spontaneous
bacterial peritonitis (SBP). Prokinetics can increase GIT

motility, decrease small bowel transit time, decrease bac-
terial translocation and the possibility of SBP.

Our study was conducted for evaluating the effective-
ness and safety of itopride, as a prokinetic drug, in cir-
rhotic patients with spontaneous bacterial peritonitis to
detect its role in secondary prophylaxis of SBP.

The major strength of this study is that it shed a light
about the role of prokinetics in prevention of SBP in cir-
rhotic ascitic cases through its effect on decreasing the
probability of a bacterial overgrowth via increasing the
intestinal motility.

In our study, we enrolled 80 cirrhotic ascitic cases with
a previous event of SBP who were classified into two
groups, each of 40 cases. SBP was common in males in
the two studied groups (21 and 25 patients respectively).
The mean age was 57.50 + 6.48 years in group 1 and
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Table 1 Baseline demaographic data, clinical manifestations, and the laboratory investigations of both groups
Group | (itopride + norfloxacin) (number=  Group Il (norfloxacin) (number=  Test of P
40) 40) sig value
Mo. (36) No. (%)
Age (years) (meant 50) 57.50 + 648 5940 + 6,16 1=134 0.183
Gender
Male 21 (525) 25 (62.5) W= 081 0366
Female 19 (47.5) 15 (37.5)
Abdominal pain 39 {97.5) 37525 FE=105 05615
Fever 31 (775) 34 (850) =073 039
Hepatic encephalopathy 8 (2000 a{225) ¥i= 007 0785
Hemoglobin (g/di) 1033 % 134 983 £ 1.10 t=]82 0072
Platelets (cellx 103/mm?) 12267 = 7303 14662 + 7741 U=154 0122
:I'“oft:!jleucacwc count (cell= 103/ 585 + 342 651 £ 458 U=0476 0634
& creanning {mg/dl) 108 + 0.58 116 040 =181 0.106
5 urea {mg/dl) 547 + 4181 5219+ 1986 U=00% 0523
AST () 5267 £ 3643 50.70 = 31367 U=0.24 080
ALT (/) 4182 = 2727 3662 £17.36 =028 0776
5. alburmin {g/dl) 251 £ 050 261 =041 =097 0335
5. Bilirubin (migsdl) 280+ 268 382 =369 U=0.50 0368
MR 156 + 042 165 £ 045 =085 0389
CRP (mgsl) IRB6 £ 3759 3100 £2456 U=045 0649

59.40 £ 6.16 years in group Il without any a significant
difference in both studied groups in age and sex distri-
bution. The two groups were mostly cross-matched.

In this study, the most common symptoms of SBP
which presented in both groups were abdominal pain in
39 patients (97.5%) in group [ but in 37 cases (92.5%) in
group Il and fever presented in 31 patients (77.5%)
through group 1 but 34 cases (85%) in group 1l then
vomiting and hepatic encephalopathy (22.5% and 20%
respectively) of group 1 and 40% and 22.5% respectively

Table 2 The patients’ ascitic fluid culture analysis

of group 1l without a significant differences in both stud-
ied groups as regards the clinical manifestations plus la-
boratory characteristics of our studied patients. This
shows that the patients of both studied groups are cross
matched.

In the current work, the degree of ascites in SBP pa-
tients was either moderate up or marked. Moderate asci-
tes presented in 32 cases 80% (group [) while (group 1I)
the moderate ascites was detected in 17 cases (42%),
while marked ascites was reported in 20% and 57.5% of

Group | Group I Test of sig P value
Number of cases Mumber of cases
No. [%%) No. (%)
Culture result W= 007 T 0765
Porsitive 32 (80 31 (775)
Megative & (2000 9(225)
Crganisms
E colf =G=ve 16 (500 14 {25.2) FE=0.27 0565
Klabesiella- G-ve 8 (2500 9(29.03)
Protegus- G=ve 4(125) 40129
Staph- Gewve 4 {125} 3 (98

:n;" chi squared test, FE Fisher's exact test
*Significant
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Table 3 Incidence of SBP recurrence and causes of death in

both groups
Time Group | Group Il e P value
number number
Mo. (%) No. (%)

2nd month (n=50)
SBP free 35 (87.5) 26 {6500 559 0018
SBP 5(125) 14 (3500

4th month (n=72)
SEP fres 34 (89.5) 25 (735 o8 0.07%
SBP 4 (105) 9{265)

&th months (n=720)
SBP free 34 (BV 3) 23 (718 249 0.0%4
SBP 4 {125) 9 (28.1]

Fate (end study)
Alive 3B (9500 32 {800 0043
Dead 2050 B (200 4n

Causes of death
HRS 2 (500 5(125) 254 0:230
SBF e Riv]v)] 6 (1500
HE 0 (0 {75

*Significant

group | and 1l respectively with no statistically signifi-
cant difference in group 1 and group Il. These results
corroborate the ideas of [6] who stated that ascitic fluid
infection mostly developed when the ascitic fluid volume
was at its maximum,

In the current study, patient groups showed low serum
albumin level but high serum bilirubin, INR, AST, and
ALT levels which mean the most reported cases of that
disease (SBP) were Child-Pugh class C in both groups
without a statistically significant variance in the studied
groups [7].

Diagnostic paracentesis is the main stay in SBP diag-
nosis and can differ in SBP from secondary peritonitis
[8]. It was performed to all cases in groups | and Il in-
cluded in this study. There was no statistically significant
variance in the two patient groups according to the as-
citic fluid analysis.

Table 4 MMedan time of récurénce of spontaneous bactenal
pEfitlonitis oetween botn studied groups

Group Mean time (maonth) Lag- P
Estimate 95% C1_ ank  value
it e test
Lower Upper
Groue | in=39) 576 g4 £12 414 0
Croup Il in=35) 542 450 554

Creetzll 557 5.6 587

:5igniﬁc.3.l.‘.tl:
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The mean value of serum-ascites albumin gradient
{SAAG) in our current study was > 1.1 g/dl in both pa-
tient groups which confirmed that the etiology of ascites
was portal hypertension in our SBP patients. Agarwal
et al. [9] stated that SAAG levels of > 1.1 g/dl confirms
that ascites is because of portal hypertension regardless
the infection.

As regards to the ascitic fluid culture, the most re-
ported cases of SBP, in both groups, were positive for
gram-negative cocei without a statistical significant dif-
ference between both groups. These results did not
match with Mostafa et al. [10] who found that the ma-
jority of their cases of SBP because of gram-positive
cocci. In our study, we found that the most common
and virulent organisms isolated from the cases were
Escherichia coli species and Klebesiella but the less com-
mon was Staph-Gram-positive cocci, this matched with
Movella et al. [11] who observed that of E. coli was iso-
lated in 90% of their SBP patients.

In our study, on follow-up of the studied SBP patients,
we observed, at the second month, a total of 14 episodes
(35%) of recurrent SEP infections in group II (norfloxa-
cin only) versus 5 episodes (12.5%) in group I (norfloxa-
cin plus itopride) with an apparent statistically
significant difference. The same variance was also de-
tected in both studied groups in that fourth and sixth
month follow-up; however, this difference was not sig-
nificant. So the usage of both norfloxacin plus itopride
(group 1 ) showed a better SBP incidence free through
the study follow-up peried being 87.5%, 89.5, and 87.5%
on the follow-up periods at second, fourth, and sixth
month respectively, as compared to that, on usage of
norfloxacin only as a SBP secondary prophylactic meas-
ure in group Il. This accompanied with death of 20% of
group Il cases compared to death of only 5% of group |
cases through the fourth and sixth months follow-up.

According to the present results, regarding the per-
centage of patients in group I (under treatment with
norfloxacin plus itopride) who developed recurrent
SBP which represented 12.5%, 10.5%, and 12.5% of
cases through the follow-up period at the second,
fourth, and sixth months respectively. As a probable
explanation for the developing of SBP by the trans-
location of the bacteria from the intra (intestine) to
extra (ascitic fluid) could not be the only route of in-
fection, and the presence of ascitic bacterial DNA can
support that condition [12].

In the present study, we reported a 65%, 73.5%, and
71.9% of $BP incidence free through the second, fourth,
and sixth months follow-up period respectively in group
Il who received norfloxacin only. This result matched
with Ghafar et al. [13] study that evaluated norfloxacin
use in prophylaxis of SBP that established 40% decreas-
ing in the frequency of SBP, among their patients. Also,
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Hanouneh et al. [14] found 72% prevention rates of SBP
in their study.

On the other hand, Fernandez et al's [15] work
showed that 93% reducing in the SBP incidence cases,
who received norfloxacin. This difference might be due
to the type of patients included in our study or the
prophylaxis of SBP with norfloxacin only becomes less
active as before, because of increasing the incidence of
guinolones bacterial resistance in cirrhotic patients flora
in the stool due to over use of these drugs [16].

In the current study, the median time for recurrent
SBP development was a highly significant prolonged in
group | when we compared it by the group II. This was
associated with a statistically significant improvement in
patient survival rate. The recurrent SBP development
rate was significantly decreased in group I (5%) when we
compared that by the other group (II) (20%) and that
difference in the incidence of SBP recurrence occurred
in only in the first 2 months of follow-up due to the
number of patient’s death increased through the last 4
months that was mainly due to recurrent SBP (15%),
HRS (125%), and hepatic encephalopathy (7.5%) in
group IL. While only HRS was reported as the only cause
of death in 5% of group 1. These results highlight the ad-
vantage of using the prokinetics agents (itopride) in
combination with norfloxacin in SBP secondary
prophylaxis.

The most common causes of mortality allover our study
were hepatic encephalopathy, sepsis, and hepatorenal syn-
drome. And the results showed the beneficial effect of pro-
kinetices (itopride) on group [ cases that death in this
group was 5% only compared to 20% death rate in group IL

On the same hand, PC Revaiah et al. [17] reported that
combined use of prokinetics drugs could considerably re-
duce the possibility of small intestinal bacterial over growth
because of increasing the intestinal motility, which lead to
reduce bacterial translocation, the path of bacteria from the
intra (intestine) to extra-intestinal such as ascitic fluid and
this condition can be useful in SBP prophylaxis and treat-
ment approach.

On other hand, Frazee et al. [18] found that long-term
antimicrobial prophylaxis may be useful and has a bene-
fit in cirrhotic patients. However, the magnitude of the
benefits was less and the frequency of overall infections
and mortality did not change [19].

In the current study, we did not report any side effects
from usage of itopride which supported by Huang X (2012),
[20] who found that itopride was the least prokinetics agent
side effects through the incidence rate of its side effects.
Also, itopride had an excitatory influence on the small and
large intestine better than cisapride or mosapride [21).

The main limitation of this study is being a single cen-
ter study with a problem of generalizing the findings.
Therefore, larger multicenter studies are crucially
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needed to document the role of prokinetic drugs in pre-
vention of SBP.

Conclusions

Norfloxacin plus itopride (alkapride) prophylaxis re-
duced the possibility of development of recurrent SBP in
addition to hepatorenal syndrome (HRS) which can pre-
cipitated by SBP and that clue why combined therapy
improved HRS. This regimen can improve the survival
rate in cirrhotic ascitic patients.
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Hepatic ischemia reperfusion injury:
effect of moderate intensity exercise and
oxytocin compared to L-arginine in a rat
model

Amr H. ELKady'@, Bataa M. Elkafoury', Dalia A. Saad'", Doaa M. Abd el-Wahed', Walaa Baher’ and
Mona A, Ahmed'

Abstract

Background: Hepatic ischemia reperfusion (IR) injury is considered as a main cause of liver damage and dysfunction.
The L-arginine/nitric oxide pathway seems to be relevant during this process of IR. Although acute intense exercise
challenges the liver with increased reactive oxygen species (ROS), regular training improves hepatic antioxidant status.
Also, oxytocin (Oxy), besides its classical functions, it exhibits a potent antistress, anti-inflammatory, and antioxidant
effects. This study was designed to evaluate the hepatic functional and structural changes induced by hepatic IR injury
in rats and to probe the effect and potential mechanism of moderate intensity exercise training and/or Oxy, in
comparison to a nitric oxide donor, L-arginine, against liver IR-induced damage.

Results: Compared to the sham-operated control group, the hepatic IR group displayed a significant increase in serum
levels of ALT and AST, plasma levels of MDA and TNF-a, and significant decrease in plasma TAC and nitrite levels
together with the worsening of liver histological picture. L-Arg, Oxy, moderate intensity exercise, and the combination
of both Oxy and moderate intensity exercises ameliorated these deleterious effects that were evident by the significant
decrease in serum levels of ALT and AST, significant elevation in TAC and nitrite, and significant decline in lipid
peroxidation (MDA) and TNF-a, besides regression of histopathological score regarding hepatocyte necrosis,
vacuolization, and nuclear pyknasis. Both the moderate intensity exercise-trained group and Oxy-treated group
showed a significant decline in TNF-a and nitrite levels as compared to L-Arg-treated group. The Oxy-treated group
showed statistical insignificant changes in serum levels of ALT, AST, and plasma levels of nitrite, MDA, TAC, and TNF-a
as compared to moderate intensity exercise-trained group.

Conclusion: The combination of both moderate intensity exercise and Oxy displayed more pronounced
hepatoprotection on comparison with L-Arg which could be attributed to their more prominent antioxidant and anti-
inflammatory effects but not due to their NO-enhancing effect.

Keywords: Liver, Ischemia reperfusion injury, L-arginine, Nitric oxide, Exercise, Oxytocin

Background

Hepatic ischemia reperfusion (IR) injury is considered as
the main cause of liver damage and dysfunction or func-
tional failure and contributes to a high morbidity and
mortality [1, 2]. Hepatic IR injury is commonly seen in
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hepatic surgery, such as in hepatectomy, liver transplant-
ation, and resuscitation after shock [3, 4]. Also, abdominal
trauma, myocardial ischemia, stroke, and hemorrhagic
shock can cause insufficient liver blood flow, resulting in
liver IR injury after reperfusion [5, 6).

The pathophysiology of hepatic IR injury is complex
and multifactorial as it involves interaction with hepato-
cytes, liver sinusoidal and endothelial cells, Kupffer cells
(KCs), and hepatic stellate cells. Also, it results in



220

infiltration of inflammatory cells, activation of platelets,
generation of reactive oxygen species (ROS), and reactive
nitrogen species due to ischemia as well as reperfusion,
increased levels of adhesion molecules, and release of cy-
tokines and chemokines (7, 8].

During hepatic IR, the role of nitric oxide (NO) is am-
biguous, because it may protect from the lesion owing to
its vasodilator, antiplatelet, and ROS scavenging effect,
or it may be a deleterious agent due to its interaction
with superoxide radicals, forming peroxynitrite radicals
[9, 10].

Exercise has been considered an important therapeutic
tool in preventing and treating many diseases including
obesity, non-alcoholic fatty liver disease, insulin resist-
ance, type 2 diabetes, metabolic cardiovascular, and
gastrointestinal disorders [11-13]. On the other hand,
exercise may represent a physical stress that result in
transient disruption of homeostasis [14]. The liver is
considered the remarkably important organ during exer-
cise outcomes due to its contribution in the modulation
of ROS and inflammatory mediators [15]. Although
acute intense exercise was found to challenge the liver
with increased ROS and inflammation onset, regular ex-
ercise was found to induce hepatic antioxidant and anti-
inflammatory improvements [16].

Oxytocin (Oxy), the hormone released from the pos-
terior pituitary, besides its classical functions, was re-
ported to exhibit a wide spectrum of central and
peripheral activities [17]. Oxy has been shown to stimu-
late social behaviors and exert a potent anti-stress effect
by reducing the activity in the hypothalamic-pituitary
adrenocortical axis and sympathetic nervous system, and
possess antioxidant and anti-inflammatory effects [18,
19]. Hekimoglu et al. [20] observed that Oxy protect
against renal IR-induced remote liver injury by increas-
ing NO synthase activity and releasing NO from vascular
endothelium, suppression of inflammation, and regula-
tion of oxidant-antioxidant status.

This study was carried out to investigate hepatic func-
tional and structural changes induced by hepatic IR and
to evaluate the effect and potential mechanisms of mod-
erate intensity exercise training and Oxy, together or
separately, in comparison to, a NO donor, L-arginine (L-
Arg) in protecting the liver function from the damage
induced by hepatic IR.

Methods

This study was carried out on 60 adult male albino rats,
initially weighing 250-300 g. Rats were purchased from
an animal farm in Helwan and were housed in the Fac-
ulty of Medicine, Ain Shams Research Institute (MASR
I), under standard conditions of boarding at room
temperature 22-25°C, 12-h light/dark cycle with free ac-
cess to food and water. Regular meals were introduced
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daily at 8 am. Rats were fed standard rat diet. Rats were
kept for 7 days before the experimental procedures for
acclimatization. Animals included in the study were
adult males after successful induction of the designated
experiment and no animals were excluded.

Animal experiments were conducted in accordance to
the Guide for Care and Use of Laboratory Animals, and
the study protocol was approved by the Research Ethical
Committee of Faculty of Medicine, Ain Shams Univer-
sity (FMASU, MD 100/2018).

Experimental animals
Rats were randomly allocated into the following six
Eroups:

Group I: Sham-operated control {sham group) (n=10)
In the first 3 weeks, rats were kept undisturbed in their
cages. In the fourth week, rats received L-Arg solvent
daily, at 9 am, by oral gavage. At the end of the 4 weeks,
rats were subjected to the same surgical procedures as
the hepatic IR group without portal triad clamping.

Group II: Hepatic ischemia-reperfusion group (hepatic IR
group) (n=10)

In the first 3 weeks, rats were kept undisturbed in their
cages. In the fourth week, rats received L-Arg solvent
daily, at 9 am, by oral gavage. At the end of the fourth
week, rats underwent hepatic IR procedure (30 min of
partial hepatic ischemia (70%) followed by 2 h of reper-
fusion) [21].

Group I: L-arginine-treated hepatic ischemia-reperfusion
group (L-Arg + IR group) (n=10)

In the first 3 weeks, rats were kept undisturbed in their
cages. In the fourth week, rats received L-Arg daily, at 9
am, by oral gavage in a dose of 100 mg/kg (7 days) [22].

Group IV: Exercise-trained hepatic ischemia-reperfusion
group (Ex + IR group) (n=10)

Rats in this group were studied after 4 weeks of expos-
ure to swim exercise 2 h daily (from 10 am to 12 pm)
and 6 days/week [23]. In the fourth week, rats received
distilled water as in sham group. At the end of the
fourth week, rats underwent hepatic IR procedure.

Group V: Oxytocin-treated hepatic ischemia-reperfusion
group (Oxy + IR group) (n=10)

In the first 3 weeks, rats were kept undisturbed in their
cages. In the fourth week, rats received distilled water as
in the sham group together with Oxy, daily at 9:30 am,
by subcutaneous (S.C.} injection in a dose of 3.6 pg/100
g BW [24]. At the end of the fourth week, rats under-
went hepatic IR procedure.
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Group VI: Exercise-trained and oxytocin-treated hepatic
ischemia-reperfusion group (Ex + Oxy + IR group) (n=10)
Rats in this group were studied after 4 weeks of expos-
ure to swim exercise as in Ex + IR group. In the fourth
week, rats received daily distilled water and S.C. Oxy as
in Oxy + IR group. At the end of the fourth week, rats
underwent hepatic IR procedure.

Experimental procedures

L-arginine treatment

L-Arg was supplied as powder by the Qualikems Fine
Chemicals (New Delhi, India). A 100 mg of L-Arg was
dissolved in 2-ml distilled water to make the final con-
centration of 50 mg/ml. At the beginning of fourth week
of the study, rats received L-Arg, daily at 9 am by oral
gavage in a dose of 100 mg/kg for 7 days [22].

Exercise Swim Training Program

At the beginning of the program, the aquatically naive
rats were given the chance to stay in the water bath for
30 min in order to become familiar with water. This
period was progressively increased everyday by 30 min
till it reached 2 h per day, and this duration was main-
tained throughout the exercise period [25].

The dimensions of the swimming tank used were 70
cm in depth, 100 cm in length, and 70 cm in width. The
tank was filled with water to a depth of 50 cm. Swim-
ming water temperature was maintained at a thermo-
neutral temperature of 31 + 1°C. The tank is equipped
with a fan with strong motor (1425 revolutions per mi-
nute) that stir strong water currents. This equipment
acts as a helping force to the rats to swim actively all the
time and ensure uniformity of temperature. After each
swimming session, the water was emptied from the tank
and the tank was thoroughly cleaned.

The protocol of swimming consisted of one session of
2 h (from 10 am to 12 pm), 6 days/week for 4 weeks,
which is considered a moderate intensity aercbic exer-
cise [23].

Oxytocin treatment

Oxy was in the form of ampoules (10 IU/ml) supplied by
the Novartis Pharmaceuticals (Switzerland). At the be-
ginning of fourth week of the study, Oxy was adminis-
tered daily at 9:30 am, by 5.C. injection in a dose of 3.6
HE/100 g B for 7 days [24].

Hepatic ischemia-reperfusion procedure

Hepatic IR in the present study was a model of partial
hepatic ischemia (70% of liver mass) performed accord-
ing to the method deseribed by Shibamoto et al. [21].
The overnight fasted rats were weighed and anesthetized
by intraperitoneal (i.p.) injection of ketamine (EPICO) in
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a dose of 50 mg/kg and xylazine HCl (ADWIA) in a
dose of 10 mg/kg [26].

A midline longitudinal laparotomy was performed,
followed by section of the falciform ligament. Then, by
delicate digital maneuvers, the median hepatic lobe was
pushed upwards in cranial direction to allow the expos-
ure of the hepatic pedicle. Partial hepatic ischemia was
induced by clamping the portal vein, hepatic artery, and
bile duct (portal triad) supplying the median and left
lobes with an atraumatic vascular clamp. In this method,
the blood supply to the right and caudate lobes
remained uninterrupted, attenuating intestinal conges-
tion through portal flow bypass. Successful induction of
the hepatic IR procedure was determined by visually
comparing the ischemic lobes of liver (the median and
left lobes) which turned pale denoting establishment of
ischemia compared to non-ischemic lobes (right and
caudate lobes), and also, successful reperfusion was ob-
served by turning the color of ischemic lobes back to
their pre-ischemic period and the non-ischemic lobes.

The abdomen was humidified with a saline solution in
order to avoid fluid loss through evaporation, and the
muscular layer was approximated with single stitches.
After 30 min of ischemia, reperfusion was initiated by
removing the clamp, and the abdomen was closed in a
single layer. The animals were, then, allowed to recover.
The reperfusion was allowed for 2 h.

The time of each procedure done was fixed through-
out the study. All other groups—sham group, hepatic IR
group, Ex + IR group, Oxy + IR group, and Ex + Oxy +
IR group, also, received distilled water (L-Arg solvent)
orally by gavage at 9 am for the same duration given to
L-Arg + IR group in order to exclude the effect of the
solvent and the maneuver of gavage. In addition, at the
end of the study, the sham-operated control group was
subjected to the same surgical steps of hepatic IR pro-
cedure without clamping of the portal triad, to exclude
the effect of anesthesia, surgical incision, and the man-
euver of hepatic pedicle exposure on the results obtained
from rats that underwent hepatic [R.

Animals were not exposed to unnecessary pain or
stress and animal manipulation was performed with
maximal care and hygiene.

At the end of the reperfusion, rats were anaesthetized
by ip. injection of pentobarbital sodium (El-Gomhoreva
Co., Egypt), in a dose of 40 mg/kg [27].

Then, a midline abdominal incision was made, and the
abdominal aorta was exposed and cannulated. The blood
was collected from the aorta into two tubes, a heparin-
ized tube and serum clot activator tube with gel and
then separated to plasma or serum and was stored at
-B0°C for later determination of biochemical assays.

After blood collection, animals were euthanized by in-
traperitoneal injection of overdose of pentobarbital
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sodium (El-Gomhoreya Co., Egypt), in a dose of 200 mg/

Then, the liver was carefully dissected, and the left
lobe of the liver was fixed in 10% buffered formalin solu-
tion for subsequent histopathological examination. Ani-
mal remains disposal occurred by incineration.

Biochemical analysis

» Determination of serum levels of alanine transferase
(ALT) and aspartate transferase (AST) according to
Henry [28] and Tietz [29], by the kinetic method
optimized in accordance with LF.C.C [30]., using
BioMed-GPT kits supplied by Egy-Chem for Lab
Technology, Egypt.

« Determination of the plasma level of nitrite
according to Montgomery and Dymock [31], using
the colorimetric kit supplied by Bio-diagnostie,
Egypt.

» Determination of plasma level of malondialdehyde
(MDA) according to Satoh [32] and Ohkawa et al.
[33] using the colorimetric kit supplied by Bio-
diagnostic, Egypt.

+ Determination of the plasma level of total
antioxidant capacity (TAC) according to Koracevic
et al. [34], using colorimetric kit supplied by Bio-
diagnostic, Egypt.

» Determination of the plasma level of tumor necrosis
factor-alpha (TNF-a) by an enzyme immunoassay
(ELISA) technique (Stat Fax 2100, Awareness Tech-
nology Inc, USA), using Rat TNF-a ELISA kits sup-
plied by RayBio® tech, Inc., USA (Catalog: ELR-
TNFa) according to the manufacturer instructions.

Histological examination of the liver tissue

The dissected specimens from the left lobe of the
liver were fixed with 10% formalin solution immedi-
ately after removal (for at least 1 week) and were
subjected to dehydration in ascending grades of alco-
hol, cleared in xylol, impregnated in pure soft paraf-
fin, and embedded in hard paraffin [35]. Sections (8
pm) were cut and stained with hematoxylin and
eosin (H&E). For microscopic examination, a micro-
scope (Leica, DM2500) was used, and the images
were taken at the Histology and Cell Biology Depart-
ment, Faculty of Medicine, Ain Shams University,
using a Canon EOS 1100D Digital SLR camera at 10
(ocular) = 40 (object lens) magnification. The liver
histopathological changes were scored based on Su-
zuki et al. [36].

Statistical analysis
All statistical data, statistical significance, and correla-
tions were performed by using the Statistical Program
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for Social Science (SPSS) statistical package (SPSS Inc.)
version 20.0. One-way ANOVA was used to test for dif-
ferences among the studied groups followed by LSD
(least significant difference) to find inter-groupal signifi-
cance. Results were expressed as mean and # standard

error of the mean and considered significant at a level
P<0.05.

Results

Changes in serum levels of alanine transferase (ALT) and
aspartate transferase (AST) and plasma level of nitrite
(Table 1 and Fig. 1)

As compared to the sham group, the hepatic IR group
resulted in a significant increase in the serum levels of
ALT and AST. t-Arg + IR, Ex + IR, and Oxy + IR
groups showed a significant decrease in the serum levels
of ALT and AST compared to the hepatic IR group, but
were significantly increased compared to sham group. L-
Arg + IR, Ex + IR, and Oxy + IR groups exhibited statis-
tically insignificant changes in the serum levels of ALT
and AST when compared to each other.

Combined Ex + Oxy + IR group showed a significant
reduction in serum levels of ALT and AST as compared
to hepatic IR, L-Arg + IR, and Ex + IR groups. However,
when compared to the sham group, the ALT level was
significantly elevated, but the AST level was insignifi-
cantly changed.

As compared to the sham group, the hepatic IR group
showed a significant decrease in the plasma level of ni-
trite. All treated groups—L-Arg+ IR, Ex+ IR, Oxy + IR,
and combined Ex + Oxy + IR groups, showed a signifi-
cant increase in the plasma level of nitrite as compared
to the hepatic IR group. In L-Arg + IR group, the plasma
level of nitrite showed a insignificant changes as com-
pared to sham group. Both Oxy + IR and combined Ex
+ Oxy + IR groups showed statistically insignificant
changes in the plasma level of nitrite as compared to the
Ex + IR group, whereas in Ex + IR, Oxy + IR, and com-
bined Ex + Oxy + IR groups, the nitrite level was signifi-
cantly reduced compared to both the L-Arg + IR and
sham groups.

Changes in plasma levels of malondialdehyde (MDA),

total antioxidant capacity (TAC), and tumor necrosis
factor-alpha (TNF-a) (Table 2 and Fig. 2)

As compared to the sham group, the hepatic IR group
showed a significant increase in the plasma levels of
MDA and TNF-q, but significant decrease in the plasma
level of TAC.

Compared to the IR group, all the treated groups—L-
Arg + IR, Ex + IR, Oxy + IR, and combined Ex + Oxy +
IR groups, the plasma levels of MDA and TNF-a were
significantly decreased, whereas the plasma level of TAC
was significantly increased.
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Table 1 Changes in the serum levels of alanine transferase (ALT) and aspartate transferase (AST), and the plasma level of nitrite in

the different studied groups

Parameters groups ALT AST Nitrite

U/ml Ufm| pmolfg
Sham-operated control 1530 £ 0955 2130 + 1484 1094 £ 0.59
Hepatic ischemia-reperfusion 5170 £3134 % 6270+ 4475 " 2879 £ 0477 %
L-arginine-treated hepatic ischemia-reperfusion 8001308 %" 3230+ 1274 %% 11.32 £ 0886 °

Exercise-trained hepatic ischemia reperfusion
Ouytocin-treated hepatic ischemia-reperfusion
Exercise-trained and oxytocin-treated hepatic ischemia-reperfusion

/7010230
500 £158%"

2050 = 1500 % & &¢

310+ 2066%"
NI+ I1521 >0
20170501

Results are expressed as mean +5EM and calculoted by LSD at P<0.05
*Significance from the sham-operated control group

"Significance from the hepatic ischemia-reperfusion group

“Significance from the w-arginine hepatic ischemia-reperfusion group
“significance from the exercise-trained hepatic ischemia-reperfusion group

6240 £ 0644 M ¢
5240 + 0578 * ™=
7.700 + DAD4 % B <

I I

AST
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b,cd

80 100
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60 s 75
£ z
40 5 50
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| Sham-operated control group.

[l Hepatic ischemia-reperfusion group.

[:] L-arginine-treated hepatic ischemia-reperfusion group.

EH Exercise-trained hepatic ischemia-reperfusion group.
Oxytocin-treated hepatic ischemia-reperfusion group.

[ Exercise-trained and oxytocin-treated hepatic ischemia-reperfusion group

Fig. 1 Serum levels of alanine yansferase (ALT), aspanate transferase (ASTY, and plasma level of the nitrite in the different studied groups. a

Significance fram the sham-operated contrel group caleulated by LSD at P<0.05. b Significance from the hepatic ischemia-reperfusion group

calculated by LSD at P<0.05. ¢ Significance from the L-argining-weated hepatic ischemia-reperfusion group calculated by LSD at P<005. d
Significance from the exercise-trained hepatic ischemia-reperfusion group calculated by L3D ar P<005
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Table 2 Changes in the plasma levels of malondialdehyde (MDA), total antioxidant capacity (TAC), and turnor necrosis factor-alpha

(TNF-a) in the different studied groups

Parameters groups MDA TAC THF-a

nmolig m/L pa/ml
Sham-operated control 2584 £ 32397 BO4E + 5427 5643 + 3662
Hepatic ischemla-reperfusion 1106 = 5978 2838 + 2584 ° 1452 x 4727 *
w-arginine-treated hepatic ischemis-reperfusion 67.70 £ 5666 % * B65c 374 %0 9624z 2282%"°
Exercise-trained hepatic ischemia reperfusion 5608 + 4002 % ¥ 7006 + 3938 Y 8552 3005 %t
Oxytocin-treatad hepatic ischemia-reperfusion 6300 + 4567 %0 B530 .+ 3 &Y 7751 2 272 Mt

Exercise-trained and exytocin-treated hepatic ischemia-reperfusion

2096 + 433 v Bed 7677 + 3853 %

7368 + 3512 ~Beod

Results are expressed as mean =5EM and calculated by LSD at P<0.05
*significance from the sham-operated control group

Beignificance from the hepatic ischemla-repedfusion group

“Significance from the L-arginine hepatic ischemia-reperfusion group
“Significance from the exercise-trained hepatic lschemia-repedusion group

However, in all studied treated groups, the plasma
levels of MDA and TNF-a were still significantly higher
compared to the sham group, whereas the plasma level
of TAC was significantly decreased as compared to the
sham group. Moreover, all the treated groups showed
significantly lower plasma level of TAC except for Ex +
IR and combined Ex + Oxy + IR groups which showed
non-significant changes in TAC level.

Compared to the L-Arg + IR group, Ex + IR, and Oxy
+ IR groups showed a significant reduction in the
plasma level of TNF-a with insignificant changes in the
plasma levels of MDA and TAC, while the combined Ex
+ Oxy + IR group showed a significant reduction in the
plasma levels of both MDA and TNF-a with non-
significant change in the plasma level of TAC.

Compared to the Ex + IR group, the Oxy + IR group
did not show any significant changes in the plasma levels
of MDA, TAC, and TNF-a, while the combination of ex-
ercise and Oxy showed significantly lower plasma levels
of MDA and TNF-a, but the plasma level of TAC exhib-
ited an insignificant change.

Correlations between liver function parameters and other
parameters (Fig. 3)

In correlation studies, the results were obtained from
pooling of the different studied groups.

The serum levels of ALT and AST showed significant
positive correlations with the plasma levels of MDA and
TNF-a, but significant negative correlations with the
plasma levels of TAC and nitrite.

Histopathological studies

Microscopic examination of the liver (Figs. 4 and 5)

The photomicrography of liver tissue of the sham-
operated control group (Fig. 2a) showed that the liver
was formed of acidophilic polyhedral hepatocytes having
large central vesicular nuclei. The hepatocytes are ar-
ranged in irregular branching and anastomosing plates

around a central vein (CV). The plates of hepatocytes
are separated from each other by blood sinuseids ().

The photomicrography of the liver tissue of the
hepatic IR group was shown in Fig. 4b, c. Figure 4b
showed a wide area of hepatocyte vacuolization (A),
congestion of blood sinusoids (1), and darkly stained
pyknotic nuclei (P} in most of the hepatocytes. Fig-
ure 4 c showed wide area of focal hepatic necrosis
(thick arrow) in which a number of adjacent hepato-
cytes are lost and replaced by inflammatory cells.

Photomicrography of the liver tissue of L-Arg group
(Fig. 5a) showed dilatation and congestion of blood sinu-
soids (A) in between hepatocytic cords. Some sporadic
hepatocytes show condensed pyknotic nuclei (1),
whereas a small focal area of hepatocytic necrosis (thick
arrow) is detected.

The photomicrography of the liver tissue of the Ex +
IR group (Fig. 5b) showed dilatation and congestion of
the blood sinusoids separating hepatocytes plates (A).
Focal areas of hepatocytes necrosis (thick arrow) in
which the hepatocytes are replaced by inflammatory
cells. Some hepatocytes show cytoplasmic vacuolization
(1)

Photomicrography of the liver tissue of the Oxy group
(Fig. 5¢) showed the focal area of hepatic necrosis (thick
arrow) in which the hepatocytes are replaced by inflam-
matory cells. Some hepatocytes show vacuolation of
their cytoplasm (V).

Photomicrography of the liver tissue of the combined
Ex + Oxy group (Fig. 5d) showed a congestion of blood
sinusoids (A). A small focal area of hepatic necrosis
(thick arrow) is detected where the hepatocytes are re-
placed by inflammatory cells.

Histopathological grading of the liver (Table 3)

As shown in Table 3, the histopathological grading for
liver changes included three parameters: congestion,
vacuolization, and necrosis. For all parameters, the
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[] sham-operated control group.

",

B Hepatic ischemia-reperfusion group.

[2] L-arginine-treated hepatic ischemia-reperfusion group.

B3 Exercise-trained hepatic ischemia-reperfusion group.

Oxytocin-treated hepatic ischemia-reperfusion group.

Exercise-trained and oxytocin-treated hepatic ischemia-reperfusion group
Fig. 2 Plasma levels of malondialdehyde (MDA), total antioxidant capacity (TAC), and tumor ne:rus_is ng:ml-alpha (THF-a) in the.diﬁeren.‘\i studied
| groups. a Significance from the sham-operated control group calculated by L3D a1 P<005. b The significance from the hepatic ischemia-

reperfusion group calculated by LSD at P<005. ¢ The significance from the L-arginine-treated hepatic ischemia-reperfusion group calculated by
LSD at P<005. d The significance from the exercise-trained hepatic ischemia-reperiusion group calculated by LSD at P<005

hepatic IR group was the most affected and was graded
for the highest scores in all parameters.

As regards congestion, the hepatic IR group was the
most affected group followed by the L-Arg group and
Oxy group as 65%, 55%, and 50%, respectively, of exam-
ined fields showed congestion in zones 2 and 3 of most
lobules (score 3). On the other hand, the combined Ex +
Oxy group scored 2 as 55% of the examined fields
showed zone 3 sinusoidal congestion in some lobules.
The least affected group by congestion was the Ex
group, which scored 1 as 60% of the examined fields re-
vealed scattered sinusoidal congestion.

Regarding hepatocellular vacuolization, the hepatic IR
group was the most affected group in which 55% of the
examined fields showed prominent clusters of hepatocel-
lular vacuolization in most lobules (score 3). On the
other hand, L-Arg, Ex, Oxy, and Ex + Oxy groups were
all scored 1 but with variable percentages as 50%, 60%,
50%, and 60%, respectively, of the examined fields
showed scattered cell vacuolization in most lobules or
prominent cluster in one lobule.

Regarding the necrosis of the hepatocellular tissue, the
hepatic IR group was the most affected group and the
only group that scored 2, as 55% of the examined fields
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Fig. 4 Photomicrograph of liver tissue sections: a Sham-operated contral group and b, ¢ hepatic ischemia reperfusion group). (HE&E X400)
L

showed less than 30% necrosis. On the other hand, L-
Arg, Ex, Oxy, and Ex + Oxy groups, scored 1 as 45%,
50%, 55%, and 55%, respectively, of the examined fields
in each group showed a single-cell necrosis in most
lobules.

Discussion

In this work, hepatic ischemia was successfully in-
duced by 70% occlusion for 30 min followed by 2 h
reperfusion. Hepatic IR resulted in hepatic injury as
proved by increased level of liver enzymes. Hepatic IR

causes the disruption of the membrane stability of he-
patocytes due to necrosis, cellular damage, and struc-
tural changes with release of large quantities of liver
enzymes [37-39).

Moreover, a histopathological study showed a cor-
rupted hepatic architecture in the form of hepatocyte
vacuolization and necrosis, nuclear pyknosis, lympho-
cytic infiltration, and congestion of blood sinusoids.
These findings agree with the results of previous studies
by Peralta et al. [40], Serracino-Inglatt et al. [41], and
Crockett et al. [42].

P

reperfusion group. (H&E X400)

Fig. 5 Photomicrograph of liver tissue sections of a L-arginine-treated hepatic ischemia-reperfusion group, b exercise-trained hepatic ischemia-
reperfusion group, € oxytocin-rreated hepatic ischemia-reperfusion group, and d exercise-trained and oxytocin-treated hepatic ischemia-
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Table 3 Liver histopathological scoring system showing number and frequency distriibution (96) of each component examined in

two different field sections in 10 rats (20 fields/group)

Component Congestion” Vacuolization® Mecrosls’

Defined range Group a 1 2 3 4 0 1 2 3 4 O 1 2 3 4

Sham-operated control group 15 3 1 0 o9 1 i} L1 0 138 2 a o 0
B0% 15% W 5% M o 100

Hepatic ischemia-reperfusion group 2 2 3 13 0 3 1 5 nm o1 4 L T 0
0% 107 15% 650 88k B3 25 S5 5% 209 55% 20%

.-arginine-treated hepatic ischemla-reperfusion group 2 3 4 1 o 2 0 5 3 0 4 g 4 3 0
WA 15% 200 55% 086 508 25% 15% 20P0 A5% %6 15%

Exercise-trained hepatic ischemia-reperfusion group 3 1 3 2 0 4 12 3 1 0 & w2 2 0
15% 50% 15% 0% M e0% 15% 5% 0% 50% 106 10%

Oxytocin-treated hepatic ischemia-reperfusion group 2 4 4 w o2 [+ I F 0 4 1 3 2 0
02 266 20Re 508 0% 50 2078 0% 2096 55% 15% 1086

Exercise-tralmed and oxytocin-treated hepatic ischemla-reperfusion group 3 3 11 3 0 3 12 3 . 06 1 ] 1 ]

15% 15% 55% 15% 15% 60% 15% 10%

I 55% 0% 5%

In component: necrasis, the defined ranges indicare; 0= Mo damage; 1=Single cell necrosis: 2= less than 30% necrosis: 3= less than 60% necrosis; 4= more than

609 necrosis

“In components: Congestion and vacuolization, the defined ranges indicate; 0= Mo damage; 1=Minimal congestion, minimal vacuclization: 2= Mild congestion,
mild vacuolization; 3= Moderate congestion, moderate vacuolization; 4= Severe congestion, sévene vacuolization

The present hepatic functional and structural damage
could be attributed to oxidative stress, increased ROS
production, and lipid peroxidation associated with de-
creased antioxidant defense. This is proved by the in-
creased plasma MDA and decreased plasma TAC. The
decreased TAC could be explained by its over consump-
tion to face the increased oxidative stress. Meanwhile,
liver enzymes showed a significant positive correlation
with MDA and a significant negative correlation with
TAC.

This view is in line with previous reports which
showed that reperfusion caused a generation of ROS that
reacts with lipids in the cell membranes and initiate lipid
peroxidation and is responsible for the IR injury [43, 44].

In addition, the initial stage of hepatic IR is reported
to mediate the oxidative stress, the production of
massive amounts of ROS, neutrophil activation, and its
adherence to endothelial cells and release of proteases
and finally induce death of hepatocyte [45].

In the current work, a significant positive correlation
between the plasma levels of MDA and TWF-a is ob-
served which could be explained by the ability of ROS to
induce an inflammatory response via cellular signaling
[46, 47]. In addition to the significant increase in the
plasma level of TNF-a following hepatic IR and its sig-
nificant positive correlations with liver enzymes in this
study, it denotes that TNF-a could be involved as an
underlying mechanism in the current hepatic dysfunc-
tion and structural damage [48].

Other studies demonstrated that IR results in in-
creased gene expression of both nuclear factor kappa B
(NF-kp) and Toll-like receptor 4 (a protein involved in
both innate and adaptive immune system response),

which constantly increased TNF-a leading to liver dam-
age [38, 49].

TNF-a has been reported to induce inflammation by
several mechanisms. It interacts with other inflammatory
cytokines and chemokines and activates the production
of ROS [50]. In addition, TNF-a upregulates the expres-
sion of intercellular adhesion molecule-1 and vascular
cell adhesion molecule-1 on endothelial cells, activating
the transcription factor; NF-kp resulting in the produc-
tion of inflammatory mediators as TNF-a, interleukins
(IL); 1L-1-B, IL-6, inducible nitric oxide synthase, and
cyclo-oxygenase with amplification of the process of in-
flammation [51-53].

The decreased plasma level of nitrite observed in hep-
atic IR rats provides an additional explanation for the
observed hepatic functional and structural damage. This
deduced from significant increase in the serum levels of
ALT and AST and their significant negative correlations
with the plasma level of nitrite.

In line with this, Taha et al. [54] reported that IR in-
jury is associated with a remarkable decrease in the bio-
availability of NO, which represents an important
initiating event in the pathophysiology of post-ischemic
injury in a variety of different tissues, including the liver.

Diminished NO levels within liver during IR was
found to be derived from both decreased production due
to downregulation of endothelial nitric oxide synthase
(eNOS) with hepatic IR, and increased scavenging by the
elevated levels of ROS produced during reperfusion [1,
55, 56). This scavenging causes the formation of peroxy-
nitrite, the free radical, that rapidly reacts with all com-
ponents such as proteins, lipids, and DNA further dam-
aging the cell [57].
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Insufficient NO production was assumed to be the
main cause for vasoconstriction during reperfusion
period, sinusoidal narrowing, and reduction of microcir-
culatory blood flow [58, 59). Moreover, hepatic IR injury
was attributed to an imbalance in the ratio of endothelin
(ET) to NO, with an increase in the plasma levels of ET
and a concomitant fall in the plasma levels of NO in the
first few hours of reperfusion [53].

The significant negative correlation exerted between
the plasma nitrite and plasma MDA in the current work
suggests that the oxidative stress could be implicated in
reduction of nitrite plasma level.

Pretreatment with L-Arg attenuated hepatic IR injury
as evidenced by decreased liver enzymes and hepatic
damage. Hepatocytes had regression of necrosis, vacuoli-
zation, and nuclear pyknosis.

In this study, the favorable effects of L-Arg on hepatic
functional and structural alterations could be attributed
to the increased NO level deduced from the significant
increase in the plasma level of nitrite by L-Arg treatment
so that it reached the control values and the associated
significant negative correlations existed between plasma
level of nitrite and serum levels of ALT and AST.

This is in consistence with other studies, in which pre-
treatment with L-Arg resulted in activation of NO syn-
thesis, increased concentrations of NO stable
metabolites nitrite, and nitrate anions in both the blood
and liver tissue and suppression of increased ALT and
AST activities [60]. In addition, the activation of eNOS
and the production of NO by this enzyme was found to
increase liver graft preservation and improve liver func-
tion after reperfusion [61, 62].

The beneficial effects of the modulation of L-Arg/NO
pathway was attributed before to the increase in NO bio-
availability that acts by promoting microvasculature
vasodilatation, opposing vasoconstriction mediated by
ET, inhibition of platelet aggregation, and adhesion, as
well as the reduction of interaction between leukocytes
and endothelial surface resulting in the reduction of the
inflammatory activity, and inhibiting caspases to prevent
apoptosis, in addition to the superoxide scavenging
property and detoxification of ROS following L-Arg use
(63, 64].

It seems that L-Arg mediates its protective effect in
hepatic IR in the present study not only through NO,
but also has direct antioxidant effect deduced from the
significant decrease in the plasma level of MDA and the
significant increase in the plasma level of TAC. This as-
sumption is supported by the significant negative corre-
lations existed between nitrite and MDA, as well as the
significant positive correlation between nitrite and TAC,
In line with our assumption, in a rat model of carbon
tetrachloride-induced hepatotoxicity, pre- and post-
treatment with L-Arg decreased the hepatic MDA
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content and enhanced the hepatic antioxidant enzymes;
these results were attributed either to NO ability to
function as scavenger or to the antioxidant effects of L-
Arg itself [65].

The other protective mechanisms of L-Arg could be
attributed to its anti-inflammatory mechanism. This is
deduced from the suppression of TNF-a plasma level by
treatment as well as the significant negative correlation
between plasma levels of nitrite and TNF-a.

In agreement, NO was reported to inhibit pro-
inflammatory cytokines, including TNF-g, IL-1B, IL-1a,
and IL-12, which may induce inflaimmatory cascade dur-
ing liver IR injury [8, 54].

The exercise model encountered in this study was in
the form of chronic moderate swimming exercise, 2 h
daily and 6 days/week for 4 weeks. This exercise training
ameliorated hepatic injury and dysfunction induced by
hepatic IR, as revealed by a significant decrease in the
serum levels of ALT and AST and the plasma levels of
MDA and TNF-a, but a significant increase in TAC and
nitrite levels. Also, an improvement of hepatic morph-
ology was demonstrated by the decreased score of ne-
crosis, vacuolization, and congestion compared to
hepatic IR group.

These findings denote that exercise training abrogated
hepatic functional and structural impairment induced by
hepatic IR. These results are consistent with previous
studies [21, 66, 67].

Exercise training exerts more powerful anti-
inflammatory and antioxidant defense effects than L-Arg
with less hepatocellular injury. This is evidenced by sig-
nificant decrease in plasma TNF-a and the increase in
plasma TAC that reached control values and better re-
gression of scores of vascular congestion, hepatocyte ne-
crosis, and vacuolization. Meanwhile, the serum levels of
ALT and AST and plasma levels of nitrite and MDA
were insignificantly changed.

The current proposed anti-inflammatory role of exer-
cise training is supported by other studies [66, 68-70].
Similarly, Dallak et al. [71] showed that swim exercise
for 60 min three times per week, for 4 weeks, reduced
the serum levels of inflammatory biomarker, TNF-a in a
rat model of high fat diet, via reduction in visceral fat
mass with a subsequent decrease in adipokine release.

The decrease in final body weight and BW % change
recorded in the Ex + IR group (unpublished data) com-
pared to the IR, L-Arg + IR, and sham groups could pro-
vide possible explanation for the reduction of plasma
TNF-a. The adipose tissue was found to be able to pro-
duce inflammatory cytokines such as TNF-a and IL-6
and several potent chemo-attractant cytokines [72]. The
accumulation of monocytes as macrophages in the adi-
pose tissue is thought to be a major source of increased
systemic concentrations of inflammatory cytokines [73).
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Opposite to our work, the intense exercise was found
to induce muscle microtraumas, increase the release of
inflammatory cytokines into the bloodstream (74, 75],
and lead to tissue damage with increased production of
ROS and inflammatory mediators [76, 77] induce hep-
atic inflammation through inflammatory cell infiltration
in rats [78]. This contradiction could result from the use
of different intensities and durations of exercise models
other than the model used in the current study.

Exercise training in the present work had protective
effect not only through anti-inflammatory mechanisms
but also had antioxidant effect. Other studies showed
that regular exercise enhance hepatic antioxidant cap-
acity, redox status, reduced the hepatic MDA level which
reflect lipid peroxidation [66, 67, 79, 80].

On the contrary to the present results, severe exercise
was found to mediate an oxidative effect and to increase
the hepatic MDA levels. The authors assumed that in-
tense exercise increases oxygen consumption and may
produce an imbalance between ROS and antioxidants,
inducing oxidative stress [76].

Compared to L-Arg treatment, moderate intensity ex-
ercise did not differ significantly as regards the serum
levels of ALT and AST and the plasma levels of MDA
and TAC but showed only a significant decrease in the
plasma levels of TNF-a and nitrite which indicated that
the hepatoprotective effect of moderate intensity exer-
cise was largely dependent of its anti-inflammatory ef-
fects and only dependent partly on increasing NO.

Compared to hepatic IR, Oxy pretreatment in the Oxy
+ IR group resulted in improvement of hepatic dysfunc-
tion which was observed from the significant reduction
in the serum levels of ALT and AST, plasma levels of
MDA and TNF-a together with significant increase in
TAC and nitrite and alleviated IR histopathological in-
jury. However, such improvements did not reach the
control levels. These results are in agreement of other
studies [81-83].

The beneficial effect of Oxy against hepatic IR could
be attributed to suppression of oxidative stress as con-
firmed by the significant decrease in plasma level MDA
and the significant increase in the plasma level of TAC.
In addition to its anti-inflammatory effect as seen by de-
crease in plasma TNF-a.

The antioxidative effect of Oxy was attributed to its abil-
ity to break lipid peroxidation chain [82, 84, 85]. While its
anti-inflammatory effect was mediated by reduction of the
serum TNF-g, inhibition of neutrophils migration and
neutrophil-derived pro-inflammatory cytokines, parenchy-
mal injury, and tissue inflammation [81].

Also, the increased plasma level of nitrite upon Oxy
treatment in the Oxy + IR group compared to the hep-
atic IR group, could be a third mechanism by which Oxy

can produce hepatoprotection during IR.
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However, the Oxy + IR group did not differ from the
L-Arg + IR group regarding the serum levels of ALT and
AST and the plasma levels of MDA and TAC but only
showed a significant reduetion in the plasma levels of
TNF-« and nitrite which indicated that hepatoprotective
effect Oxy was mediated mainly through its anti-
inflammatory effect of but less on its NO producing
effect.

Combination of both exercise training and Oxy pre-
treatment in the Ex + Oxy + IR group resulted in the at-
tenuation of the hepatic damage caused by hepatic IR
evidenced by the significant decrease in serum levels of
ALT and AST, and plasma levels of MDA and TNEF-a
together with a significant elevation in the plasma levels
of TAC and nitrite and histopathological improvement.

On comparison with L-Arg, combination of both exer-
cise and Oxy in this study displayed more pronounced
hepatoprotection evidenced by the significant decrease
in the serum levels of ALT and AST together with reces-
sion of histopathological injury, to a greater extent than
in L-Arg. Such superiority of combined treatment over
L-Arg could be attributed to their more prominent anti-
oxidant and anti-inflammatory effects but not due to
their NO-enhancing effect as the plasma levels of MDA,
TNF-a, and nitrite were significantly lower than in L-
Arg-treated group.

Compared to exercise only group (Ex + IR), the com-
bination of exercise and Oxy in the Ex + Oxy + IR group
exerted additive effects which offered more hepatopro-
tection where the levels of ALT, AST, TNF-a, and MDA
were significantly lowered indicating dampening of the
inflammatory response and lipid peroxidation which is
independent on NO as its level did not differ signifi-
cantly in both groups.

Conclusion

Hepatic IR impaired functional and structural integrity
of the liver. Pretreatment with L-Arg, Oxy, and exercise
training abrogated hepatic functional and structural im-
pairment induced by IR. Exercise training exerts more
powerful anti-inflammatory and antioxidant defense ef-
fects than L-Arg, whereas Oxy acts as more powerful
anti-inflammatory agent, however, a less powerful NO-
inducing agent than L-Arg. Combination of both exer-
cise and Oxy displayed more pronounced hepatoprotec-
tion on comparison with L-Arg on hepatic structural and
functional changes induced by hepatic IR and such su-
periority of combined treatment over L-Arg could be at-
tributed to their more prominent antioxidant and anti-
inflammatory effects but not due to their NO-enhancing

effect.
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