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Abstract

Endoscopic ultrasound (EUS) was first introduced into
medical practice in 1980s as a diagnostic imaging
modality for pancreatic pathology. EUS has the unique
advantage of combining ultrasound and endoscopy to
obtain detailed information of the gastrointestinal tract.
Over the past decade, the use of EUS in liver diseases
has been increasing. EUS, which was initially used as
a diagnostic tool, is now having increasing therapeutic
role as well. We provide a review of the application of
EUS in the diagnostic and therapeutic aspects of liver
disease. We also look at the evolving future research
on the role of EUS in liver diseases.

Key words: Endoscopic ultrasound; Liver disease; Portal
hypertension; Liver lesions

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We have summarized the up-to-date literature
on the emerging role of endoscopic ultrasound (EUS)
in liver disease. This brief review summarizes both the
diagnostic and therapeutic role of EUS in focal hepatic
lesions, portal hypertension, liver abscess and hepatic
cysts. We have also summarized the future research on
this subject.

Saraireh HA, Bilal M, Singh S. Role of endoscopic ultrasound
in liver disease: Where do we stand in 2017? World J Hepatol
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INTRODUCTION

The evaluation of liver disease has been progressively
changing over the last few decades with advancement
of new technologies. Computed tomography (CT), con-
ventional ultrasound and magnetic resonance imaging
has have been the principal means for evaluating
hepatic disease for long time™.

Endoscopic ultrasound (EUS) was first introduced
into medical practice in 1980s as a diagnostic imaging
modality for pancreatic pathology!”. It is distinctive in
its ability to differentiate the histological layers of the
gastrointestinal (GI) tract wall as well as the periluminal
structures®. EUS has the unique advantage of com-
bining ultrasound and endoscopy to obtain detailed
information of the GI tract. With recent advances in
technology, advanced physicians’ training and the
expanding use of EUS, its role has grown dramatically
to include both diagnostic and therapeutic aspects
in gastrointestinal, pancreatic and hepatobiliary tree
disease™.

In this review, we aim to summarize the applica-
tion of EUS in diagnostic and therapeutic aspects of
liver diseases. EUS performances in diagnostic and
therapeutic aspects of liver disease include diagnosis and
management of focal hepatic lesions, simple hepatic
cysts, hepatic abscesses and portal hypertension.
Limitations of EUS include limited access to the right
hepatic lobe and increased risk of complications
in those with anatomical alteration of the GI tract.
Complications, although rare, can happen during
EUS-guided fine needle aspiration (FNA) and include
esophageal and duodenal perforation. We also look at
the evolving future research on the role of EUS in liver
diseases.

DIAGNOSTIC USE OF EUS, CONTRAST
ENHANCED HARMONIC EUS, EUS-
GUIDED FNA IN FOCAL HEPATIC
LESIONS

Focal hepatic lesions are divided into benign lesions (such
as hepatic cysts, focal nodular hyperplasia, regenerative
nodular hyperplasia, abscess, adenoma or heman-
gioma) and malignant lesions (such as hepatocellular
carcinoma, intrahepatic cholangiocarcinoma, biliary
cystadenoma and metastatic liver disease)™®. Those
lesions were classically diagnosed with combination
of conventional imaging such CT and transabdominal
ultrasound and percutaneous liver. EUS was first used
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in liver imaging in 1997™ and since then its use has
become increasing popular.

EUS, especially when combined by cytology,
has been used not for evaluating intra-abdominal
masses only, but also for staging purposes®®.. In
recent review by Srinivasan et al*!, EUS has shown
superiority in detecting focal hepatic lesions compared
with conventional CT and trans-abdominal ultrasound,
especially for small lesions. A recent study comparing
the diagnostic sensitivity of EUS and CT scan showed
that of 574 patients, 14 had liver lesions that were
visualized by EUS, however, only 3 of those 14 patients
had their lesions visualized by CT scan prior to the
use of EUS™., Another study by Awad et af''! showed
that EUS could detect additional hepatic lesions in
28% of patients with a history of known liver mass
that were detected initially by CT scan. Similarly,
other reports have shown that EUS can detect liver
lesions that were missed by conventional imaging
modalities™™?!. Fuijii-Lau et a/™*! proposed diagnostic
criteria to differentiate between benign hepatic lesions
and malignant metastatic lesions according to the
lesion’s characteristics on EUS. These criteria include
lesion’s shape, borders, echogenicity, homogeneity and
size. These EUS criteria were applied to 200 patients
who were diagnosed with malignancy using EUS-FNA.
The authors concluded that EUS criteria may help in
distinguishing benign from malignant hepatic lesions
with a positive predictive value of 88%. The authors
also suggested that the use of EUS criteria can guide
the decision to perform EUS-FNA on a liver mass or
not. The limitations of their study was that it was a
signle center study and the EUS criteria was validated
by one expert endosonosgrapher only.

The use of contrast-enhanced harmonic endo-
scopic ultrasound (CH-EUS) for liver disease has
evolved recently. Since the liver cells have a dual
blood supply, CH-EUS is divided into three phases
according to timing from contrast injection; arterial
phase, portal phase and late phase™*. According to
contrast enhancement imaging, increased arterial
enhancement and late-phase contrast washout indicate
hepatocellular carcinoma, while peripheral-rim like
hyper enhancement followed by subsequent washout
is visualized in metastatic liver cancer™. In cases of
hemangioma, peripheral nodular hyper enhancement
associated with sustained enhancement in the late
phase is usually visualized**!. A comparable study by
Liu et a"® showed that CH-EUS is the same if not
superior to CT scan in characterization and visualization
of focal hepatic lesions.

The use of EUS was not limited to visualization
only, but also in obtaining tissue biopsy for diagnostic
purpose. EUS guided fine needle aspiration (FNA) has
played a major role in revolutionizing the diagnosis of
focal hepatic lesions. EUS-FNA is a minimally invasive
procedure that is utilized for procurement of tissue
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Table 1 Complication of endoscopic ultrasound guided fine

needle aspiration compared with percutaneous fine needle
aspiration

EUS guided FNA

[18]

Percutaneous FNA

21,22]

Bleeding!
Severe pain
Punctured gall bladder

pneumothorax™®"
[21]

Bleeding

[18] [21]

Pain

18] [21]

Fever'
Hemoperitoneum™
Death™ Syncope

Hemoperitoneum
Hypovolemic shock®

Death™

[24]

EUS: Endoscopic ultrasound; FNA: Fine needle aspiration.

of hepatic lesions. Currently, its use is limited to the
left lobe, the proximal right lobe, the hilum and part
of the intrahepatic biliary tract™”. EUS-FNA has a
theoretical advantage over classical percutaneous
biopsy in patients with cirrhosis, since percutaneous
approach may be difficult in these patients owing to
the presence of ascites and coagulopathy™. Previous
reports on the safety and efficacy of EUS-FNA have
yielded encouraging results. In a survey by tenBerge
et al®, which included data from twenty-one centers
of 167 cases of EUS-FNA of the lives lesions, it was
shown that EUS-FNA was able to diagnose malignancy
in 23 out of 26 (89%) of cases after a non-diagnostic
trans-abdominal ultrasound guided FNA. Safety of
EUS-FNA was also tested, with only 1% rate of major
complication was reported. EUS-FNA was also shown
to be safe with only 1% rate of major complications.
Several other studies have shown the sensitivity of
EUS-FNA for diagnosis of malignancy in liver lesions
ranging from 82%-94%"°*", Table 1 sumarizes the
complications of EUS guided FNA and percutaneous
FNA[18,21—24] .

EUS-GUIDED LIVER BIOPSY

Liver biopsy remains the cornerstone in the diagnosis
of liver diseases'™. Percutaneous liver biopsy was first
described in 1923%! before the transjugular approach
was suggested in 1973%), Limitations of percutaneous
approach are significant sample variability!* and risk
of adverse events that include pain at site of biopsy,
bleeding, marked hypotension and pneumothorax4.
The transjugular approach for liver biopsy entails acc-
esses to the liver parenchyma through superior vena
cava and hepatic vein, hence the liver capsule is not
punctured™®.. This approach is preferred in those with
coagulopathy, marked ascites and in morbidly obese
patients®®!. Recently, EUS was used to obtain liver
biopsy. EUS-guided liver biopsy (EUS-LB) was first
described in animal studies in 2002%®, with favorable
outcome and safety profile. EUS-LB in humans was
described by Dewitt et a/**!. A case series of 21
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patients who underwent a transgastric EUS guided Tru-
cut biopsy with a 19-gauge needle. Histologic diagnosis
was successfully obtained in 90% of specimens (19/21),
however, only 71% (15/21) were helpful for clinical
diagnosis. No adverse events were reported in any
of the patients. In another retrospective study of 9
patients, Gleeson et al*” were able to show that Tru-
cut biopsy is safe and at the same time yields suitable
tissue for diagnostic purposes of liver disease.

THERAPEUTIC EUS-FNA OF FOCAL
HEPATIC LESIONS

Recently some case reports have highlighted the
therapeutic role of EUS in liver lesions as well**?3%,
This includes the use of EUS to guide alcohol injection
and laser ablation of hepatic lesions. Barclay et a/*"
described a case of 3.3 cm metastatic liver lesion
treated with multiple EUS-guided ethanol injections.
Follow-up imaging showed a decrease in tumor size
to less than 2 cm. Hu et al*? also reported a patient
with pancreatic adenocarcinoma with metastasis to
retroperitoneal lymph nodes and left hepatic lobe.
Following pancreatoduodenectomy and chemotherapy,
patient underwent successful ethanol injection of
left hepatic lesion with no significant post-procedure
complications. Other examples of therapeutic inter-
vention include EUS-guided Nd:YAG (neodymium-
doped yttrium aluminum garnet; Nd:YsAls0:2) laser
ablation of hepatocellular carcinoma.

THERAPEUTIC USE OF EUS IN SIMPLE
HEPATIC CYSTS

Hepatic cysts are mostly asymptomatic, and estimated
to occur in 5% of population®, The female: Male is
approximately 1.5:1 among those with asymptomatic
simple hepatic cysts (SHC) while it is 9:1 in those with
symptomatic or complicated SHC®. SHC is generally
diagnosed incidentally on abdominal imaging. Only
10%-16% of such cysts are symptomatict*), Sym-
ptoms are due to mass effect, rupture, hemorrhage
and infection®®, and include abdominal pain, nausea,
vomiting, early satiety, obstructive jaundice and hepato-
megaly**®!, Management of SHC has varied over the
years. Treatment options include surgical approach
(open deroofing, laparoscopic deroofing, complete cyst
resection and hepatectomy), percutaneous aspiration
and sclerotherapy™***".. Prior reports have shown that
percutaneous aspirations is associated with recurrence
rate, as high as 100%, that can be seen as early as two
weeks**, A recent systematic review by Wijnands et
al®*? evaluated the role of percutaneous sclerotherapy
in the management of SHC. The authors included 16
studies and reported cysts volume reduction ranged
between 76% to 100% after a median follow-up period
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of one to fifty-four months. In 10 of these studies, 72%
to 100% patients reported improvement of symptoms,
while 56% to 100% patients reported symptoms
resolution. In regards to safety, three studies reported
ethanol intoxication incidence, manifested as headache,
nausea and flushing, with frequency of intoxication as
high as 93%. The risk of intoxication increased with
increased sclerotherapy duration, and increased volume
of ethanol used™.

In recent years, EUS guided ethanol lavage has
emerged as a popular treatment modality of SHC.
In 2014, Lee et al*! did a single center retrospective
cohort study comparing EUS guided and percutaneous
ethanol lavage for treatment of large hepatic cysts.
A total of 10 cysts were drained by percutaneous
approach with placement of drainage catheter, while 8
cysts were drained using EUS guided ethanol lavage.
In EUS-guided group, cysts were drained in a 1-step
approach without the placement of a catheter. Both
approaches were efficacious. Results revealed a 97.5%
and 100% reduction in cysts size at 11.5-mo follow-
up and 15-mo follow-up, respectively. The authors
concluded that there is an excellent symptomatic and
radiological response in both groups. EUS-guided
approach is more effective for left liver lobe cysts while
percutaneous approach is better in right sided liver
cysts™l. Despite positive results, further multi-center
trials are needed to confirm these findings, since this
was a single center study.

THERAPEUTIC USE OF EUS IN LIVER
ABSCESSES

Liver abscesses are defined as encapsulated collection
of suppurative material within the liver parenchyma®?.
They are the most common intra-abdominal abscesses
with a reported incidence of 8-20 cases per 100000
hospitalized patients per year in the United States*,
Historically, pyogenic liver abscess has been managed
with either surgical or percutaneous interventions™™.
Since 2001, the number of percutaneous procedures
has doubled, while the number of surgical procedures
has decreased by about 20%"™*. Percutaneous abscess
drainage has a success rate of up to 100%®, hence
making it the first line drainage technique. On the other
hand percutaneous drainage is associated with side
effects including catheter dislodgment, subscapsular
hematoma, drainage from catheter exit site!*”, hepato-
venous fisulas*® and hepato-colic fistulas™®. In recent
years, EUS guided drainage for liver abscesses has
emerged an alternative approach since it was first
proposed by Seewald et a®® in 2005. The authors
reported a case of an 11 cm hepatic abscess within
the left lobe of the liver that was successfully drained
through trans-gastric approach using EUS with no
complications or recurrence on follow-up. Since then,
several other case reports and series have described
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successful EUS guided drainage of liver abscess via
trans-gastric and trans-duodenal approaches®™ %, In
a retrospective report by Ogura et al*”!, 27 patients
who underwent either EUS-guided abscess drainage
or percutaneous abscess drainage, the clinical success
rate of EUS-guided group was superior to that of the
percutaneous group, at 100% and 82%, respectively.
Safety and hospital stay was also superior in EUS
guided group®’. Although this data is encouraging,
more prospective studies are still needed to compare
the safety and efficacy of both interventions.

EUS AND PORTAL HYPERTENSION

Diagnostic aspect

Portal hypertension is the hallmark of end stage liver
disease or advanced fibrosis. Hepatic venous pressure
gradient (HVPG) greater than 5 mmHg is defined
as portal hypertension. Esophageal varices (EV)
form when HVPG is greater than 10 mmHg and the
chances of EV bleeding occurs when HVPG exceeds
12 mmHg®**?, Esophagogastroduodenoscopy (EGD)
has been the cornerstone for diagnosis, surveillance
and treatment of EV®®, Over the last decade EUS
has emerged as an important tool for evaluation of
gastroesophageal varices™"..

EUS can effectively measure the size of EV by using
the sum of the cross-sectional surface area of all the
EV in the distal third of the esophagus'®?. While upper
gastrointestinal endoscopy continues to be the gold
standard in detecting EV, EUS has better sensitivity in
detecting gastric varices®®. In one study EUS was able
to detect gastric varices twice more than conventional
EGD™3. Since EUS can detect vascular changes better,
some experts believe that EUS can easily differentiate
thickened gastric folds from small gastric varices that
can be difficult to diagnose via EGD™". EUS like EGD
can not only diagnose esophageal and gastric varices
but can also predict the risk of bleeding. One report
showed that the detection of hemocystic spots via EUS
predicted the chance of variceal hemorrhage™.

The other advantage of EUS is increased sensitivity
in detection of collateral veins around the esophagus.
These veins can be small in size, called peri-esophageal
collateral veins, or large in size; para-esophageal
collateral veins®'.. In one study from China, EUS was
able to detect extra-luminal venous abnormalities in
greater than 90% of patients with cirrhosis™, Some
gastroenterologists argue that the early detection
of gastroesophageal varices, and other venous ab-
normalities in cirrhosis via EUS might reduce the need
of liver biopsy if the etiology of cirrhosis is clear, e.g.,
alcohol use and long standing viral hepatitis®”’.

The detection of collateral vasculature does not only
have diagnostic significance, but also has prognostic
value. Prior studies have shown that the presence of
severe collateral and perforating veins can help predict
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Table 2 Animals studies regarding endoscopic ultrasound-

guided intrahepatic portosystemic shunt placement

Ref. Animals Type of needle Success rate
Schulman et al” 5 pigs 19-G-needle 100%
Buscaglia et al®®” 10 pigs 19-G-needle 100%

the chance of recurrence of esophageal varices before
and after treatment®”%, Konishi et al’® performed a
study evaluating the risk of recurrence of esophageal
varices after band ligation based on presence of
vascular structures around the gastric cardia detected
via EUS. They reported that over 90% of patients
with severe perforating veins seen on EUS prior to
variceal band ligation had recurrence of varcies®. In
another study by Masalaite et a’*), severe esophageal
collateral veins seen during EUS were shown to be
independent risk factors for recurrence of varices. This
suggests that this subset of patients might need closer
follow-up as compared to patients who do not have
perforating veins.

Therapeutic aspect

Over recent years, EUS has found role in management
and treatment of gastroesophageal varices as well.
The role of sclerosing therapy under EUS guidance is
becoming increasingly popular. One randomized trial
from Brazil showed encouraging results demonstrating
that EUS guided sclerotherapy was equally effective
as compared to standard endoscopic sclerotherapy
for esophageal collateral vessels’?. Where treatment
of esophageal varices via EGD continues to be the
standard of care, bleeding from gastric varices con-
tinues to be a challenge for endoscopists around the
globe. Gastroesophageal varices type 2 (GOV-2) are
usually large in size and lead to significant bleeding.
These varices cannot be effectively treated by band
ligation, and therapy targeting the accompanying
perforating and collateral veins is needed. Due to
these challenges, EUS guided therapy with precise
localization of these veins is becoming exceedingly
popular™!, The two common modalities include EUS
guided cyanoacrylate injection and EUS guided coil
embolization>”¥., Lee et al'® performed a study in
which 54 patients with bleeding due to gastric varices
underwent EUS every two weeks, with injection of
cyanoacrylate until obliteration of gastric varices. The
authors reported that this intervention lead to decrease
in recurrence of bleeding and improved survival in
this group of patients'!. A multi-center study also
compared the use of cyanoacrylate injection (CI) with
EUS guided coil embolization (CE) for treatment of
bleeding gastric varices'””!. The results of this study
were promising and showed that both EUS guided CI
and CE were effective in treatment of gastric varices,
however, CE had less side effects and needed less
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number of sessions for eradication of gastric varices.
EUS guided sclerosis has also been successfully used
to treat bleeding rectal varices in some cases'®,

The role of EUS in portal hypertension seems to
be growing even more. Recently an animal study
reported comparable results of portal pressure gradient
measurement by EUS guided manometer approach
with interventional radiology guided portal pressure
measurement””’. The same group of investigators also
performed a pilot human study in which 28 patients
underwent EUS guided portal pressure measurement
with a hundred percent success rate and no adverse
events”®. Whereas further studies with larger sample
size are needed in this regard, EUS guided portal
pressure measurement might be a breakthrough for
gastroenterologists and hepatologists in taking care of
patients with cirrhosis. Animal studies (Table 2) have
also shown that EUS can potentially be used for creation
of intra-hepatic portosystemic shunts”*®%. Historically
the intra-hepatic portosystemic shunt has been placed
using a trans-jugular approach under angiography
(TIPS). Although this procedure as suggested has
been technically feasible in animals, major concerns
should be addressed before its application in patients
with advanced liver disease. Those concerns include
high risk of bleeding, severe infections and technical
difficulties in stent placement®®,

COMPLICATIONS OF EUS

Due to specific mechanical properties of echoen-
doscopes used for EUS and the evolving training of
advanced endoscopy specialists, there is a low, and yet
noteworthy risk of complications with EUS. Majority
of the complications related to EUS occur during EUS-
FNA®? The mortality associated with EUS and EUS-
FNA is 0.02%'®?!, The major adverse complication
with EUS is perforation. Gastrointestinal perforation
can happen, especially at areas of angulation and in
the presence of unexpected anatomical changes®!. A
survey conducted in Germany, including 67 centers,
reported 32 complications associated with EUS. Eso-
phageal perforation occurred only in 8 of almost 85000
diagnostic EUS procedures'™. Another survey among
members of American endosonography club in 2002
reported 16 esophageal perforations that occured after
almost 44000 EUS procedures were performed, and
more than half of those occurred with endoscopists
who had less than one year of experience performing
EUS™*. Duodenal perforations occur more frequently
than esophageal perforation®”. In a prospective
EUS online registry, 10 events of gastrointestinal
perforations in 13988 diagnostic EUS procedures were
noted, with duodenal perforation accounting for 60%
of these cases®®™. A survey by Lachter™®! investigated
the mortality in patients who had a complication
during EUS. The authors reported that 13 out of 18
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(73%) fatalities resulted from duodenal tears causing
retroperitoneal perforations, with four of those thirteen
patients having duodenal diverticula.

CONCLUSION

The role of EUS has evolved greatly in recent years.
Initially thought to be a great tool for diagnostics, EUS
has now several therapeutic implications as well. Since
expansion of EUS in liver diseases, it is emerging as
a great tool for gastroenterologists and hepatologists
to manage several liver related conditions. Focal
hepatic lesions have always been a challenge for
hepatologists. With recent advancements in EUS, it
has shown superiority in detecting focal liver lesions
as compared to conventional CT scan and ultrasound
imaging modalities. Moreover, recently several
therapies including EUS guided ethanol and EUS-
guided Nd:YAG (neodymium-doped yttrium aluminum
garnet; Nd:Ys3AlsO12) laser ablation are also used to
treat focal hepatic lesions. Similarly, recent data is
showing that EUS guided liver biopsy may potentially
be more safer than percutaneous liver biopsy when
done by an experienced endosonographer. In regards
to portal hypertension, EUS can detect early changes
of portal hypertension and hence provides early and
accurate assessment of overall clinical status. Despite
encouraging results from available data, further research
including randomized control trials is needed, before the
use of EUS can be generalized in liver diseases.
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Abstract

The place of liver transplantation in the treatment of
severe iatrogenic liver injuries has not yet been widely
discussed in the literature. Bile duct injuries during
cholecystectomy represent the leading cause of liver
transplantation in this setting, while other indications
after abdominal surgery are less common. Urgent liver
transplantation for the treatment of severe iatrogenic
liver injury may-represent a surgical challenge requiring
technically difficult and time consuming procedures.
A debate is ongoing on the need for centralization of
complex surgery in tertiary referral centers. The early
referral of patients with severe iatrogenic liver injuries
to a tertiary center with experienced hepato-pancreato-
biliary and transplant surgery has emerged as the best
treatment of care. Despite widespread interest in the
use of liver transplantation as a treatment option for
severe iatrogenic injuries, reported experiences indicate
few liver transplants are performed. This review
analyzes the literature on liver transplantation after
hepatic injury and discusses our own experience along
with surgical advances and future prospects in this
uncommon transplant setting.

Key words: Urgent liver transplantation; Acute liver
failure; Iatrogenic liver injury; Vascular injury; Surgical
complication; Biliary injury; Tertiary referral center;
Liver transplantation

© The Author(s) 2017. Published by Baishideng Publishing
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Core tip: Liver transplantation may represent the only
option to manage severe iatrogenic liver injuries. Despite
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widespread interest, reported experiences indicate only
a minority of liver transplants are performed, and the
place of liver transplantation in this setting has not yet
been widely discussed. Causes other than severe bile
duct injuries during cholecystectomy are less common
indications for liver transplantation. Urgent liver tran-
splantation for the treatment of severe iatrogenic
liver injury may require technically difficult and time-
consuming surgical procedures. The centralization of
complex surgery in tertiary centers and the early referral
of patients with severe iatrogenic liver injuries are
crucial.

Lauterio A, De Carlis R, Di Sandro S, Ferla F, Buscemi V,
De Carlis L. Liver transplantation in the treatment of severe
iatrogenic liver injuries. World J Hepatol 2017; 9(24): 1022-1029
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v9/i24/1022.htm DOTI: http://dx.doi.org/10.4254/wjh.v9.i24.1022

INTRODUCTION

At the end of the ling, liver transplantation (LT) may
represent the only curative and life-saving option to
manage severe iatrogenic liver injuries. Whereas many
recent articles have focused on different strategies in
the multidisciplinary management of iatrogenic bile
duct injuries (BDI) after cholecystectomy™™, the place
of LT in the treatment of other severe iatrogenic liver
injuries after hepatobiliary (HPB) surgery has not yet
been widely discussed in the literature. This review
analyzes the cases reported to date and discusses
our own experience along with surgical advances and
future prospects in this uncommon transplant setting.

TYPE OF INJURY

There are basically two main types of severe iatrogenic
liver injury requiring urgent LT: Biliary or vascular
injuries, or a combination of the two. Some patients
were indicated for LT due to acute liver failure (ALF)
resulting from vascular injury secondary to a first biliary
injury or other less common severe iatrogenic liver
injuries.

BDI and vasculobiliary injuries during cholecystectomy
The incidence of BDI during cholecystectomy varies
from 0.1% to 0.3%, rising to 0.6% when considering
the laparoscopic approach™®. The type and extent
of BDI play an important role in surgical planning for
appropriate timing and treatment.

Different systems have been proposed to classify
and grade the severity of BDI. In 1982, Professor
Bismuth!” first classified postoperative bile duct strictures
in a chapter of the “Blumgart book”. He subsequently
proposed a useful classification of biliary strictures based
on the principles of surgical treatments'®. Like the
Bismuth classification, Strasberg’s scale’ incorporates
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other biliary injuries commonly encountered after
laparoscopic cholecystectomy. To prevent bile duct in-
jury, the Stewart-Way classification incorporates the
mechanism of injury as well as its anatomy, separating
resectional damage from stricture and providing a guide
to pre-operative evaluation and biliary reconstruction™®.
Although other classifications of BDI after laparoscopic
cholecystectomy have been reported and recently
reviewed by Chun™, the Strasberg scale remains the
classification of choice for defining the types of BDI.

Some recently reported series on LT for cholecy-
stectomy-induced BDI provide important insights. In
2011, Ardiles et al’” analyzed their experience using
LT as a definitive treatment for BDI, reporting data
from a retrospective national survey performed in 18
LT centers over 20 years in Argentina. Among 2766
LT performed from 1990 to 2009, 19 (0.7%) were
secondary to BDI arising during 16 cholecystectomies
(open in 10, and laparoscopic in 6), two hydatid cyst
resections, and one right hepatectomy. Seven patients
had associated vascular injuries. The indication for LT
was liver cirrhosis in 18 cases and ALF in the remaining
one. No intraoperative mortality was reported but
four patients died during the first month after LT, and
another four died in the late postoperative period. The
remaining 11 patients showed a good quality of life in
the long-term follow-up and recipient survival rates at
one, three, five and ten years were 73%, 68%, 68%
and 45% respectively. The authors reported a higher
rate of major post-operative complications (52%),
according to the Clavien classification!*”, compared
with other etiologies and secondary biliary cirrhosis*’.
Interestingly, the significant decrease over time in the
incidence of LT for this indication in their cohorts (3.1%
of all LT in the period 1990-1994; and 0.2% in the
period 2005-2009 - P < 0.001) reflects improvements
in the prevention and management of BDI related to
a multidisciplinary and specialized approach to injury-
related complications.

In 2013, Parilla et al!, on behalf of the Spanish
Liver Transplantation Study Group, reviewed the in-
dications and outcome of 27 patients with BDI after
cholecystectomy and listed for LT in Spain over a
24-year period. Emergency LT for ALF was indicated in
seven patients all after laparoscopic cholecystectomy.
Two of them died while on the waiting list, one from
multiorgan failure (MOF) secondary to BDI-related
sepsis, and the other was anhepatic after a total hepa-
tectomy required for massive liver necrosis. Another
20 patients underwent elective LT for secondary biliary
cirrhosis after BDI (13 after open and 7 after laparoscopic
cholecystectomy). Four of the five recipients who
underwent emergency LT for ALF died within 30 d after
LT, and the estimated overall five-year survival rate
was 68%. The Spanish study confirms that BDI after
laparoscopic cholecystectomy tends to be more severe
than that after the open approach.

Very recently, an Italian group from Genoa reviewed
the literature and reported another two cases of LT for
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iatrogenic injuries among 12 patients referred to their
tertiary center for the management of complicated
cholecystectomy™. The timing for LT differed in this
series. The first patient was transplanted after several
endoscopic and radiological attempts to solve recurrent
cholangitis that led to secondary biliary cirrhosis five
years after BDI. He initially underwent open chole-
cystectomy with a biliary lesion described as type E2
(according to the Strasberg-Bismuth classification),
and referred to the tertiary center five years after the
first injury. Conversely, the second patient was listed
for an emergency LT after a laparoscopic cholecy-
stectomy converted to the open approach because of
bleeding from the liver parenchyma. Eight days after
surgery the patient had bile leaks and underwent
endoscopic biliary stent placement complicated by
a large intrahepatic hematoma and bleeding initially
treated by right hepatic embolization. The patient
required emergency surgical exploration and a
total hepatectomy with temporary portocaval shunt
(TPCS) was required to overcome the bleeding after
a right hepatectomy. The intraoperative field showed
a massive liver hematoma involving the right lobe,
deep parenchyma lacerations, and a type D injury.
After a two-day anhepatic bridging period the patient
was successfully transplanted and underwent long-
term follow-up. The same authors also described
another patient with chronic cirrhosis who underwent
LT after acute liver decompensation caused by open
cholecystectomy for common bile duct lithiasis.

In addition to biliary damage, severe vascular
iatrogenic injuries during HPB surgery can result in
devastating complications. While the BDI rate after
cholecystectomy is estimated up to 0.6% (6), and con-
comitant hepatic artery damage has been reported
in 12%-47% of patients™, isolated portal vein (PV)
injury is uncommon. In 2011, Strasberg et al''® pub-
lished an analytical review of vasculobiliary injury in
cholecystectomy, evaluating frequencies, causes clinical
implications, and their management. A year later, the
same team addressed the pathogenesis of “extreme”
vasculobiliary injury and reported on outcomes after
cholecystectomy for severely inflamed gallbladders in
eight patients™”), Unfortunately, one patient developed
infarction of the bile ducts after injury to the proper
hepatic artery and died of sepsis in the postoperative
period after urgent LT. In author’s opinion, in presence
of inflammation a fundus-down cholecistectomy should
be avoided for the prevention of extreme vasculobiliary
injuries.

In 2013, Wang et al*®! analyzed the therapeutic
strategies for iatrogenic PV injury after cholecystectomy,
reporting their experience of 11 patients with vascular
injuries in the absence of biliary damage. One of these
patients, a 50-year-old woman, underwent LT due
to chronic liver failure four months after the initial
injury to the right branch of PV after an open cholecy-
stectomy. In the authors’ opinion, delayed diagnosis
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and treatment may have led to difficult vein repair
and liver revascularization resulting in PV thrombosis
and hepatic necrosis. They highlighted the major role
of thrombolytic and anticoagulation therapy in the
treatment of acute massive thrombus. We agree with
them that an immediate attempt to repair severe PV
injury should be preferred in a hemodynamically stable
patient.

Other causes of severe iatrogenic liver injuries
Indications for LT to treat severe iatrogenic liver
injuries after abdominal surgery or causes other than
injuries during cholecystectomy are certainly less
common, and very few cases have been reported.

In 2006, Huerta et al''® described three lethal
complications resulting from severe iatrogenic injuries
during bariatric surgery performed in a high-volume
bariatric center. They also described details of three
cases of PV thrombosis that led to LT after two Roux-
en-Y gastric bypass (RYGBP) procedures and one
vertical banded gastroplasty. In the two cases of RYGBP,
the porta hepatis was inadvertently stapled, while in
the patient who underwent vertical banded gastroplasty
the PV was divided and promptly reconstructed, but
caused irreversible ischemic liver damage. Although
the iatrogenic injuries were immediately recognized,
a transplant surgeon consulted, and patients referred
for emergency LT, the postoperative course was com-
plicated by sepsis, MOF, and other severe medical
complications resulting in the deaths of the patients.
The authors claimed that PV ligation with immediate
patient referral to a LT center for emergency transplant
may improve the outcome in case of severe PV injury.

In 2009, the group from the University Medical
Center, Nashville, Tennessee (United States) reported
two cases of iatrogenic porta hepatis transection
requiring an urgent two-stage liver LT™. In the first
case, severe porta hepatis transection occurred during
an open adrenalectomy in a 39-year-old woman
with a history of cholecystectomy. Before trans-
ferring the patient to the authors’ tertiary LT center,
primary PV repair was attempted, and a Roux-en-Y
hepaticojejunostomy performed, while the hepatic
artery was left divided. Due to progression of the
hepatic dysfunction and worsening hemodynamics,
the patient underwent urgent total hepatectomy and
portocaval shunt, and was listed for an emergency LT.
In the other case, severe iatrogenic injury occurred
during a laparoscopic cholecystectomy converted to an
open operation to control a massive bleed and complete
cholecystectomy before emergency transfer of the
patient to the authors’ tertiary center. A computed
tomography (CT) scan showed infarction of the right
hepatic lobe, transection of the right hepatic artery and
right PV. Arterial perfusion of the left lobe was provided
through a replaced left hepatic artery. A right hepatic
lobectomy was planned and an urgent surgical re-
exploration performed. Unfortunately, the extent of the
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left PV injury precluded successful reconstruction of
the PV flow and a total hepatectomy with a portocaval
shunt was performed. The patient underwent LT
20 h later. We agree with the author that patients
presenting with severe portal transection cannot be
treated expectantly, and prompt radiological evaluation
and surgical intervention are mandatory to attempt to
restore hepatic flow. Hepatic resections should not be
the only options entertained and LT should be promptly
evaluated on a case-by-case basis.

Another case of severe hepatic injury resulting
from an open right adrenalectomy was reported in
the same year by Tessier et al*® in a review of high-
grade complications after adrenalectomy. The surgical
procedure was complicated by an unrecognized injury
to and ligation of the proper hepatic artery. Three
months after adrenalectomy, the patient underwent
a Roux-en-Y hepaticojejunostomy for the treatment
of multiple liver abscesses, recurrent episodes of
cholangitis and later a bleeding cholecysto-enteric
fistula. The patient was ultimately referred to a tertiary
center where LT was performed because of recurrent
cholangitis and bile duct sclerosis.

Interestingly, in 2010 Di Benedetto et a/*", reported
details of their experience in the treatment of severe
injuries after transjugular intrahepatic portosystemic
shunt placements in two cirrhotic patients where
surgical and radiological attempts had failed to stop
the bleeding after parenchymal and vascular rupture.
Although the indications for LT were liver failure after
artery embolization, and uncontrollable hemobilia, this
experience highlights the ability of a tertiary referral
center to offer LT as the only curative option.

OUR EXPERIENCE

Our tertiary referral center offers both a specialist HPB
referral service and an abdominal organ transplantation
service with more than 1800 LTs performed by the
end of 2016. Out of 64 patients referred to our center
with BDI after cholecystectomy only four underwent LT
for secondary biliary cirrhosis, while the injuries were
repaired by surgical operations or radiological and
endoscopic approaches in the other cases. Another
three patients were listed for LT to manage severe
iatrogenic liver injuries occurring during HPB surgery.
The first case of life-saving LT performed by our
institution has been described in detail elsewhere
together with a full description of the surgical technique
adopted™. A 46-year-old man was initially considered
for a liver resection due to a giant symptomatic hepatic
hemangioma arising from the caudate lobe with com-
pression of the retrohepatic inferior vena cava (IVC),
and thrombosis of the left and middle hepatic veins.
An uncontrollable bleeding from the confluence of the
suprahepatic veins occurred during the liver resection
and a total hepatectomy with retrohepatic IVC resection
after a venous-venous by-pass was carried out to
overcome the hemodynamic instability. The extensive
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liver congestion excluded any attempt to proceed to an
ex-vivo major hepatectomy, and a request for urgent
LT was launched. A Dacron interposition prosthesis
replaced the retrohepatic vena cava, and an end-to-
side TPCS was performed between the recipient PV and
the Dacron prosthesis. The LT was carried out with a
side-to-side cavocaval anastomosis between the graft
retrohepatic vena cava and the Dacron interposition
graft. There were no postoperative complications, and
the patient was discharged 26 d after LT.

The second patient was a 52-year-old woman
referred to our center from another HPB tertiary center
without a LT program. She had ALF resulting from
a radiologically assisted hepatic artery embolization
in a patient initially affected by bilobar intrahepatic
calculosis treated by bile duct exploration and a Roux-
en-Y hepaticojejunal anastomosis. Before referral, after
surgical bile duct exploration an intrahepatic bleed
occurred with a rapid deterioration of the patient’s
clinical status due to hemorrhagic shock. The CT scan
showed a massive intrahepatic hematoma involving
the right hepatic lobe and segment IV (Figure 1). After
right hepatic artery embolization the bleeding stopped,
but the patient developed severe ALF due to acute
ischemic liver necrosis (Figure 2). After the patient was
referred to our center, a conservative liver resection
such as right extended hepatectomy was excluded
because of the liver failure and the massive hepatic
infarction extending to the left lobe. In our opinion,
a liver resection could be a surgical option only when
the hepatic infarction and necrosis is limited and liver
function preserved, because any surgical or infectious
complication after a major hepatectomy could re-
present a contraindication to proceed to LT. An urgent
LT was planned and a liver graft from a deceased donor
was immediately requested on a top priority basis
from the Italian national organ sharing network. An
ABO-compatible graft became available 16 h later, and
the patient underwent LT. The intraoperative findings
are summarized in Figure 3. Despite the huge right
lobe hematoma extending to segment IV with signs
of extrahepatic rupture, the hepatectomy was carried
out with hemodynamic stability and a TPCS and a
venovenous by-pass. The liver implant was performed
in a piggy-back fashion, and a Roux-en-Y reconstruction
carried out using the same intestinal loop created
during the first surgery. The patient was transferred to
the floor after two days spent in the ICU, discharged
after 12 d, and alive three years after LT.

Another patient, a 42-year-old woman, was referred
to our center the day after a complicated Whipple
procedure for an ampullary adenoma with subsequent
total pancreasectomy due to pancreatic fistula and
hemoperitoneum. After surgical re-exploration patient
was transferred to the ICU. Liver function tests, lactate,
and her hemodynamic conditions continued to worsen
and a CT scan showed massive liver necrosis with
multiple abscesses excluding any attempt to proceed
to a liver resection. A request for an urgent LT was
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Figure 1 Computed tomography scan show a massive intrahepatic
hematoma involving the right hepatic lobe and segment IV.

Figure 2 Computed tomography scan show the ischemic liver necrosis
after the right hepatic artery embolization.

launched, and a compatible donor was available eight
hours later. Recipient laparotomy revealed massive
intestinal necrosis, and complete hepatic artery and
PV thrombosis. These findings, associated with severe
MOF and hemodynamic instability, made the indication
for LT impracticable and futile. Unfortunately, the
patient failed to overcome MOF and the available
liver graft was connected to oxygenated hypotermic
machine perfusion after 12:15 h of static cold storage
before the transplant in a back-up recipient®®?..

SURGICAL CONSIDERATIONS

Urgent LT to solve severe iatrogenic liver injuries may
represent a surgical challenge requiring technically
difficult and time-consuming procedures. Although
a TPCS improves hemodynamic stability during LT,
its role is still controversial and its use has remained
limited since the technique was recommended in the
early 1990s for recipients with portal hypertension
caused by acute or subacute liver failure expected not
to have adequate portosystemic collaterals®. A total
hepatectomy and subsequent LT could be a useful
strategy for patients presenting massive ischemic liver
or exsanguinating hepatic injuries with uncontrollable
vascular or parenchymal bleeding. In addition, urgent
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Figure 3 Intraoperative findings: A huge right lobe hematoma extended to
segment IV with signs of extrahepatic rupture.

total hepatectomy and a TPCS may be performed
awaiting a compatible deceased liver donor, or in
the event of “toxic hepatic syndrome” secondary to
massive hepatic necrosis. It is well known that total
hepatectomy might improve the metabolic, coagulation
and hemodynamic profiles of these patients while
waiting for a suitable liver donor®*,

From a surgical point of view, portal blood could
be shunted to the systemic circulation performing an
end-to-side anastomosis between the main PV and the
anterior wall of the anterior surface of the suprarenal
IVC or performing a portosuprahepatic anastomosis'®.

Alternatively, an extracorporeal portocaval shunt-
catheter connecting the PV to the femoral vein can be
applied as described by the Munich transplant group™”
who reported the feasibility of this shunt technique,
which does not require anticoagulation or an additional
pump supply.

A venovenous by-pass may represent another
possible option especially when a patient becomes
hemodynamically unstable after a massive bleed and
resection of the IVC required as previously reported by
our Institution®,

Vascular reconstruction in patients with severe
iatrogenic injuries of hepatic hilum elements could be
challenging, and extra-anatomical reconstruction with
the use of arterial conduits remains an important tool
in the transplant surgeon’s armamentarium. Banked or
freshly procured vascular grafts from deceased donors
should be considered for supraceliac or infrarenal
aortohepatic conduits.

The use of aortohepatic conduits using deceased
donor iliac artery as an interpositional graft in LT have
already been investigated and recently reviewed™®*>",

In addition to deceased arterial grafts, the use of
cryopreserved arterial grafts as conduits has been
recently proposed in living donor LT"Y,

A recently published paper by Hibi et ai®* advised
proceeding with caution in primary adult LT, where
the placement of an aortohepatic conduit should
be strictly limited because of the greater risk of late
hepatic artery thrombosis and impaired graft survival.
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Nevertheless, the use of arterial conduits could provide
the only alternative option for graft vascularization
during LT after severe iatrogenic injury of the hepatic
artery. Baylor’s group recently published their center
experience after twenty years’ follow-up of PV con-
duits in LT™*. More than two thousand adult LTs were
evaluated. All PV conduits were the donor’s iliac vein
procured during liver retrieval. PV conduits were
required during the first LT in 35/2370 patients (1.5%).
Long-term graft survival after LT using PV conduits was
excellent and comparable to that of the control group
(65% with the conduit vs 66% without the conduit
at five-year follow-up, 58% vs 51% at ten years,
and 48% vs 35% at 15 years). The authors reported
excellent long-term results proving the longevity of the
PV conduits using the donor’s iliac vein. The reported
results may also be applicable to other complex surgical
settings such as severe iatrogenic vascular injuries
requiring LT.

Resection and replacement of the IVC could occa-
sionally be required during LT for severe iatrogenic
injury of the liver or the vena cava. A variety of recon-
struction strategies and materials including biological
(autologous and heterologous) and synthetic grafts
such as polytetrafluoroethylene (PTFE) and poly-
propylene (Dacron) have been reported to replace
the vena cava™. Pulitand et a** recently highlighted
some important technical aspects in the use of
biological tissues for IVC replacement. They reported
advances in the use of glutaraldehyde-treated bovine
pericardium and an autogenous peritoneo-fascial
graft from a flap of parietal peritoneum backed by the
posterior rectus sheath as alternatives to prosthetic
IVC reconstruction. After 32 IVC reconstructions, the
authors claimed that biological grafts allow greater
flexibility and biocompatibility and long-term patency
without permanent anticoagulation.

As previously mentioned for arterial and PV re-
constructions, especially in LT centers, the use of
cryopreserved banked or freshly procured venous
allografts from deceased donors offers an option in IVC
replacement. The use of allografts was first described
long ago by Starzl et ai*® and is still common practice
in the field of LT?%%),

TIMING OF REFERRAL AND THE ROLE
OF TERTIARY CENTERS

hospitals and referred for LT in the ALF setting have
been reported to have worse outcomest.

The role of surgical experience in the repair
process has been widely explored and demonstrated
in the past®. In 2008, Silva et al®® from the Queen
Elisabeth Hospital, United Kingdom reported their
experience as a specialist outreach service for on-
table repair for iatrogenic BDI after laparoscopic
cholecystectomy. They highlighted the role of this
new kind of “travelling surgeon” reporting repeatable
outcomes with no post-operative mortalities in 22
procedures avoiding transfer of the patient to a tertiary
center, prolonged bile drainage, and a reoperation with
a shorter hospital stay and a reduced risk of sepsis
and liver failure. They also claimed that the proposed
immediate approach has potential medicolegal ad-
vantages reducing the risk of litigation and costs.

Our experience highlighted the crucial role of a
liver transplant program when referring a patient with
complex and severe injuries after HPB surgery because
LT may represent the patient’s only curative option in a
small number of cases.

FUTURE PERSPECTIVES

The literature lacks reports on severe iatrogenic liver
injuries, likely because negative outcomes tend to be
under-reported, and we have no information on those
patients with severe iatrogenic liver injuries who died
before referral to a tertiary center. This is detrimental
to surgical education, and the topic was recently voiced
by Cheah et al® who discussed improvement in care
by close examination of “near-miss” cases.

Reported experiences on the place of LT in the
treatment of severe iatrogenic injuries indicate few
LTs are performed in this uncommon setting. Without
an official comprehensive registry, it is exceedingly
difficult to determine appropriate indications and
long-term outcomes as detailed data are confined to
individual case reports in the literature.

All the clinicians involved in the care of patients
with severe iatrogenic liver injuries should clearly spell
out information on their outcomes honestly and swiftly
so that others can learn a lesson and not repeat the
same errors.
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Abstract

AIM

To compare a novel, fully synthetic, polyurethane based
glue (MAR-1) to fibrin sealant in a partial liver resection
rat model.

METHODS

After 50% resection of the lateral left liver lobe in male
Wistar rats (7 = 7/group/time point), MAR-1, Fibrin or
NaCl was applied. After 14, 21 and 90 postoperative
days, sealant degradation, intra-abdominal adhesions
were scored, and histological examination of liver tissue
was performed.

RESULTS

(Mean £ SEM) (MAR-1 vs Fibrin vs NaCl). Bleeding
mass was significantly higher in NaCl (3.36 + 0.51 g)
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compared to MAR-1 (1.44 = 0.40 g) and Fibrin (1.16 +
0.32 g). At 14 and 90 d, bleeding time was significantly
lower in MAR-1 (6.00 £ 0.9 s; 13.57 + 3.22 s) and
Fibrin (3.00 £ 0.44 s; 22.2 £ 9.75 s) compared to NaCl
(158.16 + 11.36 s; 127.5 + 23.3 s). ALT levels were
significantly higher in MAR-1 (27.66 + 1 U/L) compared
to Fibrin (24.16 £ 0.98 U/L) and NaCl (23.85 = 0.80
U/L). Intrabdominal adhesions were significantly lower
in MAR-1 (11.22% =+ 5.5%) compared to NaCl (58.57%
+ 11.83%). Degradation of the glue was observed
and MAR-1 showed almost no traces of glue in the
abdominal cavity as compared to the Fibrin (10% + 5%
14 d; 7% % 3% 21 d). Survival showed no significant
differences between the groups.

CONCLUSION

Compared to Fibrin, MAR-1 showed similar hemostatic
properties, no adverse effects, and is biocompatible.
Further studies on adhesion strength and biodegrada-
bility of synthetic sealants are warranted.

Key words: MAR-1; Fibrin; Liver resection; Hemostasis;
Polyurethane

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study evaluates the effectiveness of a
novel, polyurethane based, surgical adhesive on a liver
resection model. This study will further help in better
sealing of wounds in a trauma model in comparison to
Fibrin glue.

Srinivasan PK, Sperber V, Afify M, Tanaka H, Fukushima K,
Kogel B, Gremse F, Tolba R. Novel synthetic adhesive as an
effective alternative to Fibrin based adhesives. World J Hepatol
2017; 9(24): 1030-1039 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v9/i24/1030.htm DOI: http://dx.doi.
org/10.4254/wjh.v9.i24.1030

INTRODUCTION

Hemorrhage due to traumatic injury is one of the
leading causes of death worldwide. It is estimated that
hemorrhage is responsible for more than 35% of pre-
hospital mortality and 40% of mortality in the first 24 htl,
In case of abdominal trauma, the liver is one of the
most commonly injured organs; anatomical position
and its delicate parenchyma make it susceptible to
injury and hemorrhage’®. Despite modern surgical
techniques, management of hemorrhage after liver
trauma still remains a challenge, with major liver trauma
resulting in high morbidity and mortality rates®. Further-
more, surgeries involving liver resection are known to
be of high risk; nevertheless, it is the one of the curative
treatment options for hepatocellular cancer patients'™,
Management of liver injury has progressed tremen-
dously in the last three decades®. Advancement in
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biotechnological research has resulted in a variety of
hemostatic agents™. These hemostatic agents are
either biological or synthetic in nature™. They are
based on components including cellulose, collagen,
glutaraldehyde, fibrin, and dihydroxyacetone®”".,
Fibrin sealants (also known as fibrin adhesive or glue)
are the most widely used hemostatic agents as a
complimentary adjunct in various surgical procedures.
Fibrin sealants comprise of two components, human-
thrombin and fibrinogen, usually plasma derived™.
During application, these two components interact
to form a stable fibrin clot™. However, most require
2 °‘C-8 C storage, extensive preparation, and, once
taken out of refrigeration, have to be used within 9 h'®’,
Notably, fibrin sealants are less effective in events of
strong bleeding, as they can be washed away with
blood or other liquids and there is a risk of re-bleeding,
due to fibrin sealants’ limited sealing strength®®®!. Due
to their biological origin, fibrin sealants are associated
with risk factors including immune reactions, viral
transmission, and potential embolism risk!®***!,

In the early forties, cyanoacrylate based glues were
marketed under brand names, such as, Superglue
and Krazy glue. Cyanoacrylate glues are neither
biocompatible nor bioabsorbable™?. Additionally, upon
degradation, cyanoacrylates form cyanoacetate and
formaldehyde, which are toxic to humans*?, Other
options for synthetic products include urethane based
polymers, such as polyurethane. Polyurethanes (PUs)
are known for their tensile strength of 4-60 MPa; thus,
making them highly elastic'*®. Research has shown
that several factors, such as hydrolysis and enzymatic
action, contribute to their degradation!**!. Because of
their non-biological components, there is no risk of
virus transmission or antigenic reaction like with fibrin
based adhesives.

The aim of this study was to evaluate MAR-1, deter-
mining hemostatic properties, functionality, and pre-
vention of intra-abdominal adhesions, tissue compati-
bility as well as biodegradation. In comparison, we
tested the clinically used fibrin sealant Beriplast® P
(CSL Behring GmbH, Marburg, Germany) and Sodium
Chloride (NaCl) as a control solution.

MATERIALS AND METHODS

MAR-1 and Fibrin sealant

MAR-1 is a polyurethane based sealant that consists
of two different components: A isocyanate-functional
polyester-ether pre-polymer and an amino-functional
asparagine acid ester. This adhesive technology and its
polyaddition reaction are well-known.

The two components were stored at 22 °C in a
double chamber syringe and combined upon application
(Adhesys Medical GmbH, Aachen, Germany). The
Fibrin sealant used was the commercially available
Beriplast® P (CSL Behring GmbH, Marburg, Germany),
which consists of fibrin and thrombin mixed prior to
application.
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Animals and surgical procedure

All experiments were conducted in accordance with
German Federal Law regarding the protection of
animals and the DIRECTIVE 2010/63/EU on the
protection of animals used for scientific purposes. The
Guide for the care and use of laboratory animals (8"
edition, NIH Publication, 2011, United States) was also
followed. The governmental care and use committee
(LANUV), Recklinghausen, NRW, Germany, granted
official permission. Male Wistar rats weighing between
200-260 g were used. The animals were housed in Type
2000 rat filter top cages (Tecniplast, Hohenpreisenberg,
Germany) under specific pathogen free (SPF)-conditions
according to Federation of European Laboratory Animal
Science Associations (FELASA) guidelines (www.felasa.
eu), in a temperature (22 ‘C) and humidity controlled
environment (55% relative humidity) with a 12-h light/
dark cycle and allowed food (standard rat diet, Ssniff-
Spezial Didten GmbH, Soest, Germany) and water ad
libitum.

Sixty-three rats were randomly allocated to the
following groups: MAR-1, Fibrin and NaCl. The groups
were further classified into three time points: 14 d,
21 d, and 90 d. Rats received general anesthesia
by inhalation of 1.5% isoflurane (Abbott GmbH and
Co.KG, Wiesbaden, Germany) and administration of 0.1
mg/kg body weight Buprenorphine (Temgesic®, Essex
Pharma GmbH, Munich, Germany) subcutaneously
as analgesic. For perioperative anti-biotic prophylaxis,
rats received 16 mg/kg bodyweight Cefuroxime s.c.
(Fresenius SE and Co. KGaA, Homburg, Germany).
Using a vessel loop for compression, 30% of the left
lateral lobe was removed, and sealant was applied in
an amount sufficient to cover the wound area. Pre-
weighed gauze was placed under the liver lobe prior
to resection. Post resection, the blood absorbed by
the gauze was weighed and subtracted from the pre-
weight of the gauze to calculate the bleeding mass.
The animals were euthanized under anesthesia after
14, 21 and 90 d respectively.

1CT to visualize the biodegradation

uCT data was measured using Tomoscope 30 s Duo
(CT-Imaging GmbH, Erlangen, Germany) using a
protocol (HQD-6565-90-360) that took 720 projections
(1032 x 1012 Pixel) in 90 s during one rotation with
radiation dose of 421 mGy!**!. Several sub-scans were
taken and reconstructed using a Feldkamp algorithm
with a voxelsize of 70 pm x 70 pm x 70 pm and were
assembled into one volume data set. Volumetric image
data was analyzed and visualized using the Imalytics
Preclinical Software™®

Histological evaluation

Tissue samples of the liver were collected at the time
when the rats were euthanized. The samples were
immediately fixed in 4% neutral buffered formalin
(Roti®-Histofix 4%, Roth, Karlsruhe-Germany), and
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then were shaken overnight on a shaker (Lab net,
International Inc., United States). The specimens were
processed in grading series of alcohol and xylene,
embedded in paraffin and sectioned at 4-6 um thin
slices using a microtome and were stained with
hematoxylin and eosin (H and E). Paraffin-embedded
liver sections were used for H and E staining and
analysed using a Leica DM 2500 microscope (Leica,
Bensheim, Germany).

Immunohistochemistry was performed as per
manufacturer’s instructions. CD68 macrophages were
identified by a 1:50 mouse monoclonal antibody from
Dako (Glostrup, Denmark), pre-treatment of the fixed
specimen with microwave three times, citrate-buffer
pH 6, and as secondary antibody rabbit anti-mouse
1:300 from Dako (Glostrup, Denmark).

Serum analyses and hematology

Serum was withdrawn at 14, 21 and 90 d post
operation and analyzed with a clinical chemistry
analyzer (Ortho Clinical Diagnostics GmbH, Neckar-
gemund, Germany). Liver enzymes, ALT and AST were
measured from serum. In addition, blood count of
leukocytes (10°/uL), erythrocytes (10°/uL), platelets
(10°/uL), and hemoglobin were measured using the
MEK6450K automatic cell counter (Nihon Kohden,
Rosbach, Germany).

Statistical analysis

Statistical review was performed by Professor René
Tolba. All results are expressed as mean £ SEM and
the data was analyzed by Graph Pad Prism® Version 5
(Graph Pad, San Diego, CA, United States). Significance
between different groups was measured with one-way
analysis of variance (ANOVA) and posttest: Tukey-
Kramer. Survival analysis was carried out by Kaplan-
Meier curve and Mantel-Cox test. Values of P < 0.05
were considered statistically significant.

RESULTS

Bleeding mass

Bleeding mass (Figure 1) was assessed in order to
record the amount of blood lost after liver resection.
After 21 d, NaCl (3.36 £ 0.51 g) showed significantly
higher levels of blood loss in comparison to MAR-1 (1.44
+ 0.40 g) and Fibrin (1.16 £ 0.32 g) treated animals.
However, there were no significant differences between
the animals in 14 d (MAR-1: 2.08 £ 0.30 g; Fibrin: 1.02
+ 0.29 g; NaCl: 1.02 £ 0.29 g) and 90 d (MAR-1: 2.21
+ 0.44 g; Fibrin: 2.03 £ 0.28 g; NaCl: 3.04 £ 0.50 g)
group.

Bleeding time

Duration of blood loss (Figure 2) was recorded to evaluate
the bleeding time in different groups. NaCl (158.16 =
11.36 s) (127.5 £ 23.3 s) showed significantly higher
bleeding times on 14 and 90 d in comparison to MAR-1
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Figure 1 Amount of blood loss was measured at three different time
points. "P < 0.001 MAR-1 vs NaCl; °P < 0.01 Fibrin vs NaCl in 21 d group (n = 7).
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Figure 2 Bleeding time was recorded after liver resection. °P < 0.001
MAR-1 and Fibrin vs NaCl in both 14 and 90 d group (n = 7).
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Figure 3 Aspartate transaminase release was measured after 21 and 90
post-operative days (n = 7). AST: Aspartate transaminase.

(6.0 £ 0.9 s) (13.57 £ 3.22 s) and Fibrin (3.0 £ 0.44
s) (22.2 £ 9.75 s) groups respectively. However, the
groups showed no significance at 21 d time point
(MAR-1: 25.33 £ 17.53 s; Fibrin: 61.16 £ 56.77 s;
NaCl: 10.71 £ 1.19 s).

Aspartate transaminase

Aspartate transaminase (Figure 3) was measured as
parameter for liver injury. There were no significant
differences noticed in the groups at 14 (MAR-1: 30.37
+ 1.23 U/L; Fibrin: 27.83 + 2.54 U/L; NaCl: 29.16 +
2.12 U/L), 21 (MAR-1: 31.77 £ 1.80 U/L; Fibrin: 25.33
+ 1.70 U/L; NaCl: 31.00 £+ 2.46 U/L) or 90 d (MAR-1:
31.28 + 2.86 U/L; Fibrin: 27.90 + 1.86 U/L; NaCl:
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Figure 4 Alanine transaminase release was measure after 14, 21 and 90
post-operative days. °P < 0.05 Fibrin vs NaCl after 14 d; °P < 0.05 MAR-1
vs Fibrin; °P < 0.01 MAR-1 vs NaCl after 21 post-operative days (n = 7). ALT:
Alanine transaminase.
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Figure 5 Percentage of tissue adhesion after 14, 21 and 90 post-operative
days was tabulated. °P < 0.01 Fibrin vs NaCl after 14 d, °P < 0.01 MAR-1 vs
NaCl after 21 d; *P < 0.05 Fibrin vs NaCl after 90 d (n = 7).

25.83 +£ 2.71 U/L).

Alanine transaminase

Alanine transaminase (Figure 4) release was measured
as a parameter for liver parenchymal damage. Sig-
nificant differences between the treatment groups were
seen after 14 and 21 post-operative days. Fibrin (28.5
+ 0.42 U/L: 14 d) (24.16 £+ 0.98 U/L: 21 d) showed
a significantly higher release of ALT compared to NaCl
(24.5 £ 1.23 U/L: 14 d) (23.85 £+ 0.80 U/L: 21 d)
group after 14 d. Meanwhile, MAR-1 (26.37 + 0.92
U/L: 14 d) (27.66 £ 1 U/L: 21 d) showed significantly
higher levels after 21 d in comparison to both NaCl and
Fibrin treated animals.

Adhesions

Intra-abdominal adhesions (Figure 5) were visualized
and the extent of adhesions was evaluated. After
14 d, Fibrin (13.33% %= 6.1%) treated animals
showed significantly lower percentage of adhesions
in comparison to NaCl (68.33% =+ 14.24%). MAR-1
(11.22% =+ 5.5%) showed significantly lower adhesion
compared to NaCl (58.57% £ 11.83%) after 21 d.
After 90 d, Fibrin group (24% < 7.29%) showed sig-
nificantly lower levels of adhesions compared to NaCl
group (61.66% £ 7.03%). Whereas, there were no
significant differences found between Fibrin and MAR-1
groups at any given time point.
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Figure 6 WCT scans of MAR-1 rat on day 1 and day 7. Percentage of adhesive degradation was evaluated after 14, 21 and 90 post-operative days. °P < 0.001
Fibrin vs MAR-1 and NaCl after 14 d; °P < 0.01 Fibrin vs MAR-1; P < 0.05 NaCl vs Fibrin 21 d (n = 7). L: Liver, S: Stomach, V: Vertebra.
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Figure 7 Survival proportions between the treatment groups were
calculated during 14, 21 and 90 post-operative days. P = 0.9906 as per
Mantel-Cox test (n = 7).

Degradation

uCT scans were performed on day 1 and day 7 to
visualize the glue. Interestingly, due to its hydrogel
like properties, the glue could not be distinguished
from the liver tissue in the pCT images (Figure 6).
Degradation of MAR-1 and Fibrin were noted and
compared to NaCl treatment. MAR-1 (0% £ 0% at all
time points) and NaCl (0%) were absent or negligible
compared to Fibrin (10% % 5% 14 d; 7% % 3% 21 d;
0% 90 d). Fibrin glue levels were significantly higher
compared to MAR-1 and NaCl groups after 14 and 21 d.
Fibrin glue was completely metabolized after 90 d.

Survival rate

Percentage survival (Figure 7) was calculated for each
treatment group. MAR-1 showed a survival percentage
of 95.83% in comparison to Fibrin with 95.65% and
NaCl with 95%. As per Mantel-Cox test, the P value
was 0.9906 and there was no statistical significance
seen between MAR-1 and other the groups.

Histopathology

Histopathological evaluation (Figure 8) was performed
on the tissue section after 90 post-operative days.
There was a slight inflammation due to foreign body
reaction in both MAR-1 and Fibrin groups. The reaction
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zone showed granulation tissue along with some collagen
structures. A dense collagenous fibrotic tissue along
with histiocytic inflammation was noticed. Whereas, in
MAR-1 and Fibrin treated animals inflammation was
noticed initially; however, the reaction was absent after
90 d. In case of NaCl treated animals, a thicker liver
capsule was seen and occasional inflammation due to
bleeding remnants.

CD68

Immunohistochemical staining is an ideal tool to identify
the presence of CD68 positive cells (Figure 9). It
specifically stains macrophages as well as Kupffer cells,
Giant cells, and Monocytes. This helps in recognizing
cell proliferation in tissues. The CD68 cell count at 14 d
(86+1.0,9.0+1.0AU, 6.8 £0.8AU),21d(5.4+0.6
AU, 5.6 £ 0.67 AU, 2.4 £ 1.0 AU), and 90 d (1.6 £ 0.5
AU, 2.4 £ 0.6 AU, 2.4 = 1.0 AU) showed no significant
differences within the groups.

Elastic van Gieson

Elastic van Gieson staining (Figure 10) protocol speci-
fically stains elastic fibers, which helps in differentiating
between normal and pathological elastic fibers. Due
to the chemical reaction in the staining process, the
elastic fibers and cell nuclei are stained black, collagen
fibers are stained red, and other tissue elements
including cytoplasm are stained yellow. We noticed the
width of the reaction zone along with the proliferative
tissue reduced with time and there were no significant
changes noticed in the structural integrity.

Hematological parameters

Leucocytes, Erythrocytes, Hematocrit, and Platelets
were measured and the groups showed no significant
differences (Table 1). However, Hemoglobin levels
(Table 1) were measured in all the groups. There was
a significant difference noted between Fibrin (11.69
+ 0.21 g/dL) and NaCl groups (12.48 + 0.17 g/dL)
at baseline level. Whereas, MAR-1 (12.09 + 0.29
g/dL) showed significantly lower haemoglobin levels
compared to NaCl group (13.68 £ 0.26 g/dL).
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Table 1 Leucocytes in 103/uL; Erythrocytes in 106/uL; Hemoglobin in g/dL; Hematocrit in %; Platelets in 103/uL; (mean +

SEM); 1-way ANOVA, Posttest: Tukey Kramer

MAR-1 Fibrin NaCl P value
Leucocytes 0d 748 033 6.82 +0.30 7.26 +0.39 NS
14d 6.78 + 0.66 7.18 £0.67 8.65 +0.75 NS
21d 7.56 +0.75 7.20 £0.72 6.23 +0.50 NS
90d 6.11+0.78 5.76 + 0.52 541 +0.32 NS
Erythrocytes 0d 5.71 +0.09 5.68 % 0.07 5.68 + 0.08 NS
14d 6.07 +0.17 6.48 +0.20 6.03 +0.18 NS
21d 6.33 +0.14 7.03 £0.10 6.50 +0.17 NS
90d 7.58 £0.19 7.51 +0.12 7.72+0.17 NS
Hemoglobin 0d 12.29 + 0.14 11.69 + 0.21° 1248 +0.17° P <0.05
14d 12.09 + 0.29° 13.13 +0.43 13.68 +0.26° P <0.01
21d 13.08 +0.22 13.84 +0.28 14.17 +0.28 NS
90d 14.14 033 13.88+0.18 13.90 + 0.29 NS
Hematocrit 0d 35.09 + 0.48 34.59 + 0.30 34.05 + 0.42 NS
14d 35.66 % 0.96 38.30 + 0.94 35.13 + 0.50 NS
21d 3550+ 0.76 36.98 + 0.62 36.31 +1.02 NS
90d 39.69 +0.91 39.26 + 0.55 39.75 + 0.94 NS
Platelets 0d 923 +32 960 + 42 998 + 30 NS
14d 907 + 67 985 + 63 1035 + 34 NS
21d 1104 + 50 1024 + 57 970 + 41 NS
90d 924 + 42 874 +25 916 + 48 NS

°P < 0.05; °P < 0.01.

Figure 8 Histopathological evaluations of H and E stained liver tissue section shows the resected area and structural intergrity at different time points,
MAR-1 (A: 14 d, B: 21 d, C: 90 d); Fibrin (D: 14 d, E: 21 d, F: 90 d); NaCl (G: 14 d, H: 21 d, I: 90 d).
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Figure 9 Immunohistochemical staining for CD68 shows a few darkly stained positive cells. The graph represents the CD68 positive cell count with no
significant differences between the groups, MAR-1 (A: 14 d; B: 21 d; C: 90 d); Fibrin (D: 14 d, E: 21 d, F: 90 d); NaCl (G: 14 d, H: 21 d, I: 90 d).

DISCUSSION

According to WHO 2010 database, 5.8 million deaths
due to injuries were recorded worldwide”, A quarter
of these were due to trauma and hemorrhagic shock
due to injuries; thus, making it a leading cause of death
across the globe™”), Liver injury is most commonly
observed in abdominal trauma cases"®. Apart from
trauma, liver resection in hepatocellular carcinoma
patients carries a high risk of hemorrhage™’. Hemo-
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rrhage during liver surgery is directly associated with
extensive use of vascular occlusion techniques, which
leads to post-operative complications and eventually
hepatic failure!*. During liver surgery, it is vital to
minimize bleeding, especially from small blood vessels
of liver parenchyma, in order to prevent intraoperative
blood loss and to better visualize the surgical field"?..

In this study, we compared the efficacy, haemo-
static properties, and biocompatibility of a novel, polyu-
rethane based synthetic adhesive, MAR-1, with that of
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Figure 10 Elastic van Gieson staining shows the resected area and proliferative tissue, MAR-1 (A: 14 d, B: 21 d, C: 90 d); Fibrin (D: 14 d, E: 21 d, F: 90 d);

NaCl (G: 14 d, H: 21 d, I: 90 d).

Fibrin, which is a clinically used medical adhesive.
Fibrin sealants mimic the coagulation cascade,
which depends on various factors such as enzymes,
proteins, and co-factors®”. Polyurethane-based ad-
hesives mainly react with the amino groups of proteins
in the tissue, which enables the formation of urea
linkages and eventually adhesion'?. Polyurethanes
are known to activate platelets, which enhances the
blood clotting process®!!. Moreover, polyurethanes have
demonstrated strong thrombogenic properties due to
their hydrophobic nature, this promotes the proteins
to adhere and initiate the coagulation cascade™?.
We measured the bleeding mass and time to assess
the capacity of these sealants to stop bleeding after
liver resection. The results showed no significant
differences between the two sealants and the results
were comparable. However, we noticed a significant
difference between MAR-1, Fibrin and NaCl groups,
this clearly showed the effectiveness of a sealant in
minimizing blood loss, thereby reducing the bleeding
time. On the other hand, liver parenchymal enzymes,
AST and ALT, were measured and we noticed no
significant changes in AST levels throughout the time
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course; whereas, a significant increase in ALT levels
were seen in MAR-1 group after 21 d, in comparison
to Fibrin and NaCl groups. AST and ALT levels are
routinely measured to assess the functionality of liver
and their ratio between the concentrations is of clinical
relevance. AST/ALT ratio of 2:1 or more is considered
as a sign of liver damage. The elevated ALT levels
in the MAR-1 group was probably due to repeated
manipulation of the liver lobe during the surgical
procedure. Nevertheless, the values were within the
physiological range and did not increase at a later time
point.

Depending on the origin of thrombin in the fib-
rin sealants, severe immune reactions have been
observed, leading to anaphylactic shock in some
cases”?, When extracted from human pooled blood,
it carries a high risk of viral contamination®?®, Despite
improved methods of viral inactivation™®”, it still carries
a risk of parvovirus infection®®. Whereas, MAR-1, the
polyurethane based adhesive, showed no adverse
reaction in this study. Polyurethanes in general are
considered biocompatible and biodegradable; they are
polymers consisting of urethane links'®\. Research has
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shown that polyurethanes containing biodegradable
diisocyanates degrade into non-cytotoxic decomposition
products™*2%, After 14 d, the quantity of MAR-1 was
either negligible or absent in the abdominal cavity,
suggesting the rapid and efficient degradation of the
glue. These results were significant in comparison
to Fibrin glue, which was present even after 21 d.
Nevertheless, both the glues were efficiently degraded
by the end of 90 d. Meanwhile, it was difficult to visualize
MAR-1 with the help of uCT, which can be attributed
to its hydrogel like properties causing low contrast to
the adjacent liver tissue. Studies have suggested that
degradation of polyurethanes was mainly dependent on
the polyester polyol composition!****2, Polyurethanes
exhibit great versatility in their polymeric properties.
Rapid degradation of MAR-1 proves its biocompatibility
without any adverse effects. This also supported the
previously established properties of polyurethanes such
as toughness, durability, elasticity, biocompatibility,
which is not achieved by any other available material®®*.

Intra-abdominal adhesions are commonly noticed
after abdominal surgery. Their incidence is estimated
at 67%-93%, which affects the final outcome of the
surgery”®. When a foreign body is introduced into
the abdominal cavity it leads to fibrosis and adhesion
formation®!. Demirel et a/** showed that fibrin
sealant drastically reduced adhesions in comparison to
primary suture. In general, polyurethanes have been
known to exhibit strong adhesion to the tissue®”, as
mentioned earlier; their interaction with the amino acids
results in the adhesion of the glue to the tissue™, We
noticed the formation of adhesions during the time
course; however, there were no significant differences
between MAR-1 and Fibrin treated animals. However,
significantly more adhesions were noticed in NaCl group
compared to MAR-1 group. These results supports
our hypothesis, which is the biocompatibility and
non-inferiority of MAR-1 compared to Fibrin glue, the
clinical gold standard. Furthermore, the survival rate
showed no significant differences between the groups.
Meanwhile, the histopathological examination revealed
a few structural changes, however, the tissue sections
failed to show any significant differences between the
groups.

In summary, MAR-1 has been shown to be non-
inferior to Fibrin in terms of effective and safe sealing
of a liver in a resection model. Based on the obtained
results, MAR-1 is biocompatible and showed no
adverse effects. We agree that further research is
needed to study the chemistry and biodegradability.
Nevertheless, MAR-1 is ready to be used in its current
form as a topical wound sealant. Moreover, due to
the fully synthetic nature, there is no risk of increased
immune reactions or viral transmission like with Fibrin.
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COMMENTS

Background

Despite advanced surgical techniques, hemostasis after liver trauma is a
major cause for morbidity and mortality. Fibrin glue is the current gold standard
for managing hemostasis; however, there are some disadvantages like
production costs, allergic reactions, and storage conditions. In this study, the
authors introduce a novel, polyurethane based, synthetic adhesive, which is
biocompatible and controls bleeding effectively.

Research frontiers
Hemostasis in trauma and surgery is of prime importance, their study primarily
focuses on management of blood loss during surgical and trauma procedures.

Innovations and breakthroughs

Novel polyurethane based adhesive, MAR-1, helps in managing blood loss
effectively in rat partial liver resection model. This study shows variety of
parameters, which plays an important role during traumatic situations.

Applications

Partial liver resection model in rats is an established model for liver trauma
studies. Results from this study shows the effectiveness of fully synthetic,
polyurethane based novel adhesive. This model provides all the necessary
information to study the application of surgical adhesives.

Terminology
MAR-1: Medical adhesive revolution-1 is a novel polyurethane based adhesive;
PU: Polyurethanes.

Peer-review
The manuscript is well-written and the data shown in the manuscript was
understandable.

REFERENCES

1 Kauvar DS, Lefering R, Wade CE. Impact of hemorrhage on trauma
outcome: an overview of epidemiology, clinical presentations,
and therapeutic considerations. J Trauma 2006; 60: S3-11 [PMID:
16763478 DOI: 10.1097/01.ta.0000199961.02677.19]

2 Ahmed N, Vernick JJ. Management of liver trauma in adults. J
Emerg Trauma Shock 2011; 4: 114-119 [PMID: 21633579 DOI:
10.4103/0974-2700.76846]

3 Zentai C, Braunschweig T, Rossaint R, Daniels M, Czaplik M,
Tolba R, Grottke O. Fibrin patch in a pig model with blunt liver
injury under severe hypothermia. J Surg Res 2014; 187: 616-624
[PMID: 24332553 DOI: 10.1016/j.jss.2013.11.007]

4  Dhanasekaran R, Limaye A, Cabrera R. Hepatocellular car-
cinoma: current trends in worldwide epidemiology, risk factors,
diagnosis, and therapeutics. Hepat Med 2012; 4: 19-37 [PMID:
24367230 DOI: 10.2147/HMER.S16316]

5 Achneck HE, Sileshi B, Jamiolkowski RM, Albala DM, Shapiro
ML, Lawson JH. A comprehensive review of topical hemostatic
agents: efficacy and recommendations for use. Ann Surg 2010; 251:
217-228 [PMID: 20010084 DOI: 10.1097/SLA.0b013e3181c3bcca]

6  Burks S, Spotnitz W. Safety and usability of hemostats, sealants,
and adhesives. AORN J 2014; 100: 160-176 [PMID: 25080417
DOI: 10.1016/j.a0rn.2014.01.026]

7 Singer AJ, Perry L. A comparative study of the surgically relevant
mechanical characteristics of the topical skin adhesives. Acad
Emerg Med 2012; 19: 1281-1286 [PMID: 23167860 DOI: 10.1111/
acem.12009]

8 Borin JF, Deane LA, Sala LG, Abdelshehid CS, White SM,
Poulson AK, Khan F, Edwards RA, McDougall EM, Clayman RV.
Comparison of healing after cystotomy and repair with fibrin glue
and sutured closure in the porcine model. J Endourol 2008; 22:
145-150 [PMID: 18315486 DOI: 10.1089/end.2007.9861]

August 28,2017 | Volume 9 | Issue 24 |



15

17
18

20

21

22

23

24

JRaishideng®

Srinivasan PK et a/. Polyurethane glue, an effective alternative to Fibrin

Musella M, Susa A, Greco F, De Luca M, Manno E, Di Stefano
C, Milone M, Bonfanti R, Segato G, Antonino A, Piazza L. The
laparoscopic mini-gastric bypass: the Italian experience: outcomes
from 974 consecutive cases in a multicenter review. Surg Endosc
2014; 28: 156-163 [PMID: 23982648 DOI: 10.1007/s00464-013-
3141-y]

Sapala JA, Wood MH, Schuhknecht MP. Anastomotic leak
prophylaxis using a vapor-heated fibrin sealant: report on 738
gastric bypass patients. Obes Surg 2004; 14: 35-42 [PMID:
14980031 DOI: 10.1381/096089204772787266]

Blondeel PN, Murphy JW, Debrosse D, Nix JC 3rd, Puls LE,
Theodore N, Coulthard P. Closure of long surgical incisions with
a new formulation of 2-octylcyanoacrylate tissue adhesive versus
commercially available methods. Am J Surg 2004; 188: 307-313
[PMID: 15450839 DOI: 10.1016/j.amjsurg.2004.04.006]

Ferreira P, Silva AF, Pinto MI, Gil MH. Development of a biode-
gradable bioadhesive containing urethane groups. J Mater Sci
Mater Med 2008; 19: 111-120 [PMID: 17587150 DOI: 10.1007/
s10856-007-3117-3]

Shi R, Chen D, Liu Q, Wu Y, Xu X, Zhang L, Tian W. Recent
advances in synthetic bioelastomers. Int J Mol Sci 2009; 10:
4223-4256 [PMID: 20057942 DOI: 10.3390/ijms10104223]
Santerre JP, Woodhouse K, Laroche G, Labow RS. Understanding
the biodegradation of polyurethanes: from classical implants to
tissue engineering materials. Biomaterials 2005; 26: 7457-7470
[PMID: 16024077 DOI: 10.1016/j.biomaterials.2005.05.079]
Gremse F, Doleschel D, Zafarnia S, Babler A, Jahnen-Dechent
W, Lammers T, Lederle W, Kiessling F. Hybrid pCT-FMT
imaging and image analysis. J Vis Exp 2015; 100: 52770 [PMID:
26066033 DOLI: 10.3791/52770]

Gremse F, Stirk M, Ehling J, Menzel JR, Lammers T, Kiessling F.
Imalytics Preclinical: Interactive Analysis of Biomedical Volume
Data. Theranostics 2016; 6: 328-341 [PMID: 26909109 DOI:
10.7150/thno.13624]

WHO. Injuries and Violence: THE FACTS. 2010

Coccolini F, Montori G, Catena F, Di Saverio S, Biffl W, Moore
EE, Peitzman AB, Rizoli S, Tugnoli G, Sartelli M, Manfredi
R, Ansaloni L. Liver trauma: WSES position paper. World J
Emerg Surg 2015; 10: 39 [PMID: 26309445 DOI: 10.1186/
s13017-015-0030-9]

Romano F, Garancini M, Uggeri F, Degrate L, Nespoli L, Gianotti
L, Nespoli A, Uggeri F. Bleeding in Hepatic Surgery: Sorting
through Methods to Prevent It. HPB Surg 2012; 2012: 169351
[PMID: 23213268 DOI: 10.1155/2012/169351]

Spotnitz WD. Commercial fibrin sealants in surgical care. Am
J Surg 2001; 182: 8S-14S [PMID: 11566471 DOI: 10.1016/
S0002-9610(01)00771-1]

Ou W, Qiu H, Chen Z, Xu K. Biodegradable block poly(ester-
urethane)s based on poly(3-hydroxybutyrate-co-4-hydroxybutyrate)
copolymers. Biomaterials 2011; 32: 3178-3188 [PMID: 21310479
DOI: 10.1016/j.biomaterials.2011.01.031]

Orsel I, Guillaume A, Feiss P. [Anaphylactic shock caused by
fibrin glue]. Ann Fr Anesth Reanim 1997; 16: 292-293 [PMID:
9732777 DOLI: 10.1016/S0750-7658(97)86413-1]

Oswald AM, Joly LM, Gury C, Disdet M, Leduc V, Kanny G.
Fatal intraoperative anaphylaxis related to aprotinin after local
application of fibrin glue. Anesthesiology 2003; 99: 762-763
[PMID: 12960574 DOI: 10.1097/00000542-200309000-00053]
Shirai T, Shimota H, Chida K, Sano S, Takeuchi Y, Yasueda H.

WJH | www.wjgnet.com

1039

25

26

27

28

29

30

31

32

33

34

35

36

37

Anaphylaxis to aprotinin in fibrin sealant. /ntern Med 2005; 44:
1088-1089 [PMID: 16293923 DOI: 10.2169/internalmedicine.
44.1088]

Hino M, Ishiko O, Honda KI, Yamane T, Ohta K, Takubo T,
Tatsumi N. Transmission of symptomatic parvovirus B19 infection
by fibrin sealant used during surgery. Br J Haematol 2000; 108:
194-195 [PMID: 10651745 DOI: 10.1046/j.1365-2141.2000.01818.x]
Kawamura M, Sawafuji M, Watanabe M, Horinouchi H,
Kobayashi K. Frequency of transmission of human parvovirus
B19 infection by fibrin sealant used during thoracic surgery.
Ann Thorac Surg 2002; 73: 1098-1100 [PMID: 11996248 DOI:
10.1016/S0003-4975(02)03415-X]

Jackson MR. Fibrin sealants in surgical practice: An overview. Am
J Surg 2001; 182: 1S-7S [PMID: 11566470 DOI: 10.1016/S0002-
9610(01)00770-X]

Horowitz B, Busch M. Estimating the pathogen safety of
manufactured human plasma products: application to fibrin
sealants and to thrombin. Transfusion 2008; 48: 1739-1753 [PMID:
18466171 DOI: 10.1111/j.1537-2995.2008.01717.x]

Guelcher S, Srinivasan A, Hafeman A, Gallagher K, Doctor J,
Khetan S, McBride S, Hollinger J. Synthesis, in vitro degradation,
and mechanical properties of two-component poly(ester ure-
thane)urea scaffolds: effects of water and polyol composition.
Tissue Eng 2007; 13: 2321-2333 [PMID: 17658992 DOI: 10.1089/
ten.2006.0395]

Guelcher SA, Patel V, Gallagher KM, Connolly S, Didier JE,
Doctor JS, Hollinger JO. Synthesis and in vitro biocompatibility
of injectable polyurethane foam scaffolds. Tissue Eng 2006; 12:
1247-1259 [PMID: 16771638 DOI: 10.1089/ten.2006.12.1247]
Gorna K, Gogolewski S. Preparation, degradation, and calci-
fication of biodegradable polyurethane foams for bone graft
substitutes. J Biomed Mater Res A 2003; 67: 813-827 [PMID:
14613229 DOI: 10.1002/jbm.a.10148]

Guan J, Sacks MS, Beckman EJ, Wagner WR. Biodegradable
poly(ether ester urethane)urea elastomers based on poly(ether ester)
triblock copolymers and putrescine: synthesis, characterization and
cytocompatibility. Biomaterials 2004; 25: 85-96 [PMID: 14580912
DOLI: 10.1016/S0142-9612(03)00476-9]

Coury AJ, Slaikeu PC, Cahalan PT, Stokes KB, Hobot CM.
Factors and interactions affecting the performance of polyurethane
elastomers in medical devices. J Biomater Appl 1988; 3: 130-179
[PMID: 3060584 DOI: 10.1177/088532828800300202]

Ellis H, Moran BJ, Thompson JN, Parker MC, Wilson MS,
Menzies D, McGuire A, Lower AM, Hawthorn RJ, O’Brien F,
Buchan S, Crowe AM. Adhesion-related hospital readmissions
after abdominal and pelvic surgery: a retrospective cohort study.
Lancet 1999; 353: 1476-1480 [PMID: 10232313 DOI: 10.1016/
S0140-6736(98)09337-4]

Beyene RT, Kavalukas SL, Barbul A. Intra-abdominal adhesions:
Anatomy, physiology, pathophysiology, and treatment. Curr
Probl Surg 2015; 52: 271-319 [PMID: 26258583 DOI: 10.1067/
j-cpsurg.2015.05.001]

Demirel AH, Basar OT, Ongoren AU, Bayram E, Kisakurek M.
Effects of primary suture and fibrin sealant on hemostasis and liver
regeneration in an experimental liver injury. World J Gastroenterol
2008; 14: 81-84 [PMID: 18176966 DOI: 10.3748/wjg.14.81]
Annabi N, Yue K, Tamayol A, Khademhosseini A. Elastic sealants
for surgical applications. Eur J Pharm Biopharm 2015; 95: 27-39
[PMID: 26079524 DOI: 10.1016/j.ejpb.2015.05.022]

P- Reviewer: De Ponti F, Ding MX, Savopoulos CG, Tajiri K
S- Editor: Ji FF  L- Editor: A E- Editor: Li D

August 28,2017 | Volume 9 | Issue 24 |



w\J

World Journal of
Hepatology

Submit a Manuscript: http:/ /www.f6publishing.com

DOI: 10.4254 /wjh.v9.i24.1040

World | Hepatol 2017 August 28; 9(24): 1040-1042

ISSN 1948-5182 (online)

LETTERS T0 THE EDITOR,

Lurking epidemic of hepatitis C virus infection in Iran: A call

to action

Reza Taherkhani, Fatemeh Farshadpour

Reza Taherkhani, the Persian Gulf Biomedical Research Center,
Bushehr University of Medical Sciences, Bushehr 7514633341,
Iran

Fatemeh Farshadpour, the Persian Gulf Tropical Medicine
Research Center, Bushehr University of Medical Sciences, Bushehr
7514633341, Iran

ORCID number: Reza Taherkhani (0000-0001-6499-0531);
Fatemeh Farshadpour (0000-0002-8317-9573).

Author contributions: Taherkhani R and Farshadpour F both
contributed to this manuscript.

Conflict-of-interest statement: The authors declare there are
no conflicts of interest in the content of this manuscript.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Fatemeh Farshadpour, PhD, the Persian
Gulf Tropical Medicine Research Center, Bushehr University of
Medical Sciences, Moallem Street, Bushehr 7514633341,

Iran. f.farshadpour@yahoo.com

Telephone: +98-91-71712653

Fax: +98-77-14550235

Received: May 4, 2017
Peer-review started: May 4, 2017
First decision: June 15,2017
Revised: June 19, 2017

Accepted: July 14, 2017

Article in press: July 17,2017

JBaishideng® W]H I WWWW] gnet.COm

Published online: August 28, 2017

Abstract

Despite having a relatively low prevalence in the
Iranian general population, the burden of hepatitis C
virus (HCV) infection is on the rise, and hepatitis C is
predicted to be the most important leading cause of
viral hepatitis-related mortality in the near future in Iran.
The recent population-based epidemiological studies have
revealed the predominant role of injecting drug use in
increasing prevalence of HCV infection. Undoubtedly,
new management paradigm is required to drive down
the rising wave of hepatitis C in Iran. Priority should be
given to young injecting drug users as the cornerstone
of the lurking epidemic of HCV infection in Iran.

Key words: General population; Injecting drug user;
Epidemiology; Hepatitis C virus; Iran

© The Author(s) 2017. Published by Baishideng Publishing
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Core tip: Iran is known as a low-endemic country for
hepatitis C virus (HCV) infection, while the recent popu-
lation-based epidemiological studies have revealed
the increasing burden of HCV infection in the Iranian
population. The asymptomatic nature of HCV infection
and the undiagnosed HCV-infected injecting drug
users have fueled this increase. Obviously, the current
management paradigm is inadequate if control of HCV
infection is aimed to be achieved.
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TO THE EDITOR

Less than 0.5% of the population, as many as 186500
patients are infected with hepatitis C virus (HCV) in
Iran!, The majority of HCV-positive patients have
been infected by injecting drug use, equivalent to 75%
of the HCV-infected population®. The burden of HCV
infection shows a rising trend, and HCV infection is
projected to be the most important leading cause of
viral hepatitis-related mortality in the near future in
Iran™?, Obviously, the current management paradigm
is inadequate if control of HCV infection is aimed to be
achieved.

Mandatory screening of all blood donors for hepatitis
C resulted in a remarkable decrease in the prevalence
of HCV infection'***, In view of the success in the
Iranian Blood Transfusion Organisation, the talk of
HCV elimination has been intensified. However, all
hopes came to knot due to rising wave of HCV infection
among injecting drug users (IDUs), those whom
the control of HCV transmission among is the most
difficult. The shared use of drug paraphernalia and
lack of awareness among young IDUs regarding the
risk of acquiring HCV infection via needle-sharing are
the root cause of the increasing prevalence of HCV
infection among IDUs community'™. At the same time,
the asymptomatic nature of HCV infection and the
undiagnosed HCV-infected IDUs would accelerate this
increase’.

The recent changes in the genotype distribution
of HCV have also fueled this epidemic'®. High rates
of mutation in HCV genome have resulted in the
emergence of seven major genotypes and at least
67 subtypes!”). Each geographic region has a distinct
genotypic pattern, which depends on the predominant
mode of transmission, risk factors, life style, the source
of infection, disease transmission patterns and age
distribution in that particular region®?, These geno-
typic patterns are not constant, change overtime and
influence the epidemiology of HCV infection in that
region™®'), The most prevalent subtype in Iran is 1a,
followed by 3a and 1b. Over the last decade, however,
a gradual decrease in the frequency of subtypes 1a and
1b and an increase in subtype 3a have been reported
due to changes in the routes of transmission of HCV
from blood transfusion to injecting drug use!®®*?,
These changes should be taken in to consideration
to establish better strategies for managing the silent
epidemic of hepatitis C in Iran.

Another challenge is treatment of HCV-infected
population. Despite having poor tolerability, prolonged
treatment course and frequent side effects, interferon
(IFN)-based therapy is still recommended as the
first-line therapy in Iran due to affordability and local
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availability™®!. Annually, 2.4% of the Iranian HCV-
infected population is treated by pegylated IFN plus
ribavirin, with approximately 58%-78% of patients
showing a sustained virological response (SVR) de-
pending on the HCV genotype™. Introduction of IFN-
free direct-acting antivirals (DAAs) has revolutionized
the treatment course of HCV infection due to superior
rates of SVR, favorable tolerability, fewer side effects
and shorter treatment period!**®!. However, in reality,
the restricted accessibility and high price of DAAs
outweigh these benefits. Recently, the production of
a domestic DAA, the combination of daclatasvir and
sofosbuvir, with health insurance coverage has been
announced in Iran, paving the way for low-cost access
to DAAs and subsequently widespread use of these
drugs in the near future!”!. This domestically produced
DAA, Sovodak, has shown favorable SVR rates in
Iranian patients infected with genotypes 1 or 3 HCV,
the most predominant genotypes in Iran, providing
an opportunity to improve the treatment rate and
subsequently eliminate HCV infection in the future!®’.

These challenges in the management of hepatitis
C epidemic cannot be neglected any longer. Resent
changes in the epidemiology of HCV would demand
changes in health policies, prevention and management
strategies. In view of the success of the transfusion-
safety measures implemented in the Iranian Blood
Transfusion Organization'*®!, screening of high-risk
populations for hepatitis C, new therapeutic strategies
with an emphasis on timely diagnosis and treatment,
expansion of harm-reduction interventions, public
education regarding the risk of HCV infection, as well as
comprehensive cooperation and mobilization of health
care providers are required to drive down the rising
wave of HCV infection in Iran once again. Priority should
be given to young IDUs as the cornerstone of this silent
epidemic. Furthermore, national health policies should
be prioritized in a way to curb the lurking epidemic of
HCV infection once and for all.
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