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the authors and the society.

Maximization of the value of the readers can be comprehended in two ways. First, the journal
publishes articles that can be directly read or downloaded free of charge at any time, which attracts
more readers. Second, the readers can apply the knowledge in clinical practice without delay after
reading and understanding the information in their fields. In addition, the readers are encouraged
to propose new ideas based on those of the authors, or to provide viewpoints that are different
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definitely boost advancements and developments in the fields. Maximization of the value of
the authors refers to the fact that these journals provide a platform that promotes the speed of
propagation and communication to a maximum extent. This is also what the authors really need.
Maximization of the value of the society refers to the maximal extent of the social influences and
impacts produced by the high quality original articles published in the journal. This is also the main
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Abstract

Hepatitis C virus (HCV) infection is highly prevalent
among patients on hemodialysis (HD). The prevalence
of HCV infection in HD patients varies markedly
from country to country. Some factors are especially
related to these high prevalence rates, such as
blood transfusions and length of dialysis time.
Nosocomial routes of transmission including the use
of contaminated equipment and patient-to-patient
exposure is considered more important. Several
prophylactic measures have been suggested to avoid
infection by HCV in the HD environment.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Hepatitis C virus (HCV) infection is considered a major
public health problem worldwide. Patients with chronic
renal failure who are on hemodialysis (HD) have a
high prevalence of HCV. They are among the highest

risk groups for the acquisition of HCV infection"”.

Prevalence of HCV infection has decreased in this
group in recent yearsw, but still remains a significant
public health concern. HCV-infected patients on
HD have significant liver disease and a decreased life
expectancy™. The relative risk for death in HCV-
infected patients on HD compared with non-infected
patients is greater than 1.4°". In addition, HCV
infection leads to decreased graft and patient survival in
renal transplant recipients[()’m]. On the other hand, due to
the increased prevalence of non-communicable diseases
such as diabetes mellitus and hypertension, and their
complications, chronic renal failure has become a more
serious health issue throughout the world". Therefore,
the clinical importance of HCV has been increasingly
recognized in the dialysis community.

PREVALENCE AND INCIDENCE

HCV prevalence in HD varies geographically, both
within and between countries''”. The reported anti-
HCV seropositivity since 1999 ranges from low (1.9%)
in the Slovenian 2001 Annual Report” to high (80%) in
Senegal[]4]. HCV seroprevalence in the HD population
was 59% in Bosnia and Herzegovinam] , 6.8% in
Belgiumm, 16.3% in France”, 6.1% in Germanym,
10%-29% in Greece!™™| 22.5%-32.1% in Ttaly"”"*,
75% in Moldavia™, 3.4% in the Netherlands™, 1.9% in
Slovenia™, 11% in Sweden™, 7%-23.3% in the USAP*™,
4% in the UKPY 20.5% in Libya®, 71% in Kuwait""
80% in Senegal™, 23.7% in Sudan"' 19%-41.7%
in Tunisia®, 8.4%-43.2% in Brazil®**", 6.7% in
Mexico™ | 59.3% in Peru™ 3.5% in Puerto Rico™ and
13.2% in Iran™. Some investigators have suggested a
decline in HCV prevalence among HD patients in recent
years, mostly attributable to strict adherence to universal
precautions with!""***! or without"""! observing
isolation measures. This decrease is more significant
in the USA and European countries™ """ Studies
that have prospectively followed HD patients for their
HCV serostatus have yielded annual incidence rates of
de novo HCV infection of 0.4% in France™, 0.5% in
Tunisia®, 0.5% in the Netherlands™, 0.83% in Ttaly™”,
1.38%"" and 2.1%"" in the USA, 0.33%" 2.599%"
3.1% in Japan', 3.7%" 5.5% in Brazil™, and 6.2%
in Greece™. This variation in different countries and
different centers underlines the importance of infection
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control. New infection was evidently more frequent at
centers that had higher anti-HCV prevalence and failure
in infection control measures. In some countties, both
prevalence and incidence remain very high, indicating
major ongoing nosocomial transmission, probably
due to the limited resources available to treat a rapidly
. . [63,64)
growing HD population™ ™",

RISK FACTORS FOR HCV TRANSMISSION

The high prevalence of HCV seropositivity among HD
patients was initially attributed to blood transfusions
for the treatment of uremic anemia in this population,
41,65-68) Historically, the
number of blood transfusions received was consistently

which were often necessary[

reported in the literature to be associated with an
increased prevalence of HCV-positive dialysis patientsm
However, several recent reports have failed to recognize
blood transfusion as an independent risk factor in
HCV spread among HD subjects[2’20’23’24’30’33’62’69’741.
Indeed, from the late 1980s onward, the prescription of
erythropoietin reduced the need for blood transfusion
in HD patients. Furthermore, the introduction of
sensitive tests for screening blood donors has markedly
reduced the risk of HCV transmission through blood
product transfusion. These two reasons may explain
recent findings on the lack of association between
blood transfusion and HCV infection. Nonetheless,
considering the fact that new HCV infections do still
occur in patients without a history of transfusion, the
duration of HD is increasingly being considered as a
risk factor for HCV infection”’". Almost all recent
surveys on the subject have congruently suggested
that the length of time on HD is a risk factor for HCV
SeropoSitivity[l7,20,23,29,30,33,36,39,43,60,69—71,77—80]' Nosocomial
patient-to-patient transmission of HCV infection
among HD patients has been suggested by several
investigators who performed phylogenetic analysis of
HCV viral isolates™™>**"™* Tack of strict adherence
to universal precautions by staff and sharing of articles
such as multidose drugs might be the main mode of
nosocomial HCV spread among HD patients[54’82’84’%].
Although some studies found that nosocomial spread
of HCV declined when HCV-infected patients were
treated in dedicated HD units™**"* other investigators
could control nosocomial spread of HCV among HD
patients by the strict application of hygienic precautions,
without isolation of HCV-infected subjects or machine
segregationm’so’sgl. Indeed, the observed efficacy of
isolation might simply be due to the prevented sharing
of articles between patients and might reflect a better
implementation of other hygienic precautions.

The spread of HCV infection in HD units is mainly
due to nosocomial transmission between patientsm’ss’%’%].
The importance of this route of transmission is
demonstrated by the high HCV prevalence in some
HD units and by the lower infection rate in patients
on peritoneal dialysis compared with those on HD.
A high prevalence of patients with HCV infection
in HD facilities has been considered a risk factor for

transmission of the infection. However, there is no
consensus on the necessity for infection control isolation
of HCV-positive patients for at least two reasons:
firstly, the infectivity of HCV is lower than that of the
hepatitis B virus; and secondly, the criteria for patients
to be isolated remain to be defined. On the contrary,
some HD patients are infected with HCV but do not
have antibodies. Detection of viral RNA by reverse-
transcription polymerase chain reaction (RT-PCR) is the
only method to confirm HCV infection, however, this
technique is not available at all centers.

PREVENTIVE STRATEGIES

Several prophylactic measures have been suggested
to avoid infection by HCV in the HD environment,
and range from isolating patients with HCV

. . [#4,47,48,88,95
infection! !

, to adopting a series of biosafety
measures specific for HD, such as preparing medications
in a separate area, cleaning and disinfecting dialysis
station surfaces, washing hands and changing gloves
between patient contacts, and items dedicated for use
112393090 "Strict adherence
to universal infection control precautions seems to

be enough to control the spread of disease in HD
[12,50.89,97-99

only with a single patient

units I Some reports have recommended the
adoption of infection control isolation measures at
centers with a high HCV prevalence[47’87’wo’1m] or if the
staff/patient ratio at the center is lower than 28/ 100",
At centers with a high prevalence of HCV infection
and in developing countries, universal precautions
may not always be possible to implement. Thus
1solation measures for HCV-positive patients should
be implemented"”. The CDC recommends that special
precautions be observed in dialysis units including the
wearing and changing of gloves and water-proof gowns
between patients; systematic decontamination of the
equipment, circuits, and surfaces after each patient
treatment; no sharing of instruments (e.g. tourniquets)
or medications (e.g. multiuse vials of heparin) among
patients; and the assignment of patients to specific HD
units””. Clearly, it is necessary to attempt, one step at
a time, to minimize intradialytic or intracenter HCV
transmission.

CONCLUSION

In summary, despite the marked decrease in anti-
HCV prevalence in HD patients in many countries,
the disappearance of HCV from HD units should not
be expected for decades. Universal infection control
precautions are the keystone in the prevention of
nosocomial HCV transmission in HD units; however,
1solation measures, including health care monitoring
of infected patients and providing care in a dedicated
section of the unit, improve prevention results. Those
HD units with a high HCV prevalence or in which there
is no fulltime infection control personnel dedicated to
the infected patients during HD sessions may have a
greater risk of seroconversion. Therefore, isolation in
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special units or dialyzing patients in specific sessions
must be considered*”. As HCV-infected HD patients
serve as a reservoir of infection for other patients, HD
staff, and the transplant team™'™'"" a2t HD centers must
be aware of new HCV infections in order to review
their practices and increase vigilance. Public health
authorities should be aware about the prevalence and
incidence of HCV infection in HD patients in different
cities in their respective countries, so that changes can
be proposed and the risks of infection among patients
can be assessed. Implementation of surveillance systems
and continuing education of the unit’s personnel on
recommended infection control measures in HD units
are necessary. The treatment of most HCV-infected
patients with interferon alpha can significantly contribute
to decreasing HCV infection in this group in the
future”. Successful control of infection requires further
studies to assess the effectiveness of different preventive
policies.
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In the following four articles, we will provide an overview of the current clinical work in different areas of liver
transplantation.

For many decades, this transplantation has been the treatment choice for patients suffering from chronic and
acute liver diseases.

Understanding of the complexity of this procedure can be read only through a multidisciplinary approach.

Liver transplantation has become a clinical reality thanks to the pioneer Thomas E Starzl, MD, PhD, who at the
University of Colorado was one of the first to test cyclosporine in humans. Considered the father of liver transplan-
tation, he performed the world’s first liver transplant at the University of Colorado in 1963. Upon his arrival in Pitts-
burgh in 1981, when the university’s liver transplant program began, Dr. Starzl continued research on the drug,
which was approved by U.S. Food and Drug Administration (FDA) in November 1983.

Now, after many thousands of liver transplants have been successfully accomplished worldwide, the main prob-
lems to be solved remain the chronic shortage of organs and the need to investigate alternative and less aggres-
sive forms of therapy, for the cure of end-stage liver disease.

The authors would like to thank Domenico Biondo for his help in editing these papers.
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Abstract

In previous decades, pediatric liver transplantation
has become a state-of-the-art operation with excellent
success and limited mortality. Graft and patient survival
have continued to improve as a result of improvements
in medical, surgical and anesthetic management, organ
availability, immunosuppression, and identification
and treatment of postoperative complications. The
utilization of split-liver grafts and living-related donors
has provided more organs for pediatric patients. Newer
immunosuppression regimens, including induction
therapy, have had a significant impact on graft and
patient survival. Future developments of pediatric
liver transplantation will deal with long-term follow-
up, with prevention of immunosuppression-related
complications and promotion of as normal growth as
possible. This review describes the state-of-the-art in
pediatric liver transplantation.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Liver transplantation has been very successful in treating
children with end-stage liver disease, and offers the
opportunity for a long healthy life. Organ scarcity,
which is the main limitation to the full exploitation of
transplantation, is being overcome thanks to innovative
surgical techniques, and all children in need, even the
youngest, today have the chance of being transplanted,
with almost no waiting list mortality. Split-liver and
living-donor transplantation have contributed to
reversing a situation in which, during the 1980s and 90s,
children had greater waiting list mortality compared to
that of adult patients.

Several years ago, the main focus of care of children
with end-stage liver disease was to find a liver transplant,
but today, the main interest is in long-term follow-up, with
prevention of immunosuppression-related complications
and promotion of as normal growth as possible. The
history of pediatric liver transplantation has clearly
shown that success is dependent on strict and integrated
collaboration between referring pediatricians, pediatric
transplant hepatologists, transplant surgeons, nurses,
transplant coordinators, psychologists and social workers.
Everybody involved has the task of bringing a cure to a
population of pediatric patients who present some of the
most challenging clinical problems in modern medicine.

INDICATIONS FOR LIVER
TRANSPLANTATION

The main indications for liver transplantation in
the pediatric population are as follows: (1) Extra-
hepatic cholestasis: biliary atresia. (2) Intra-hepatic
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cholestasis: sclerosing cholangitis; Alagille’s syndrome;
non-syndromic paucity of intrahepatic bile ducts;
and progressive familial intrahepatic cholestasis. (3)
Metabolic diseases: Wilson’s disease; o-antitrypsin
deficiency; Crigler-Najjar syndrome; inborn error of
bile acid metabolism; tyrosinemia; disorders of the urea
cycle; organic acidemia; acid lipase defect; oxaluria type
[ ; and disorders of carbohydrate metabolism. (4) Acute
liver failure. (5) Others: primary liver tumor and cystic
fibrosis.

Cholestatic liver diseases

Typically, the child referred to a liver transplant center is
a small baby with cholestatic liver disease. Out of 1187
children transplanted in North America between 1995
and May 2002, 33.5% were < 12 mo old at the time
of transplantation, 55.6% had cholestatic disease, and
41.6% had biliary atresia. Of the children transplanted
at < 1 year of age, 65.6% had biliary atresial'l. Most
of these children have undergone a Kasai procedure
that failed to re-establish effective biliary flow, which
caused rapid evolution to secondary biliary cirrhosis.
When intrahepatic cholestatic diseases (Alagille’s
syndrome, progressive familial intrahepatic cholestasis,
and sclerosing cholangitis) or sclerosing cholangitis are
diagnosed, liver transplantation is indicated to eliminate
severely debilitating symptoms, such as pruritus.
Children affected by these diseases are also at high risk
for the development of liver cancet®.

Metabolic diseases

Metabolic diseases are the second most common
indication for liver transplantationl. Metabolic diseases
can be divided in two groups on the basis of the presence
or absence of structural damage of the liver. To the first
group belong o-antitripsin deficiency, tyrosinemia and
Wilson’s disease, which have the potential to progress
to end-stage liver failure, liver cancer (Figure 1) and
acute liver failure, while diseases such as Crigler-Najjar
syndrome type 1 and ornithine transcarbamylase (OTC)
deficiency belong to the second group. In primary
hyperoxaluria type 1, liver and kidney transplantation
is considered when irreversible kidney damage from
oxalic acid accumulation has developed. Different
transplantation timings have been tested, combined liver
and kidney transplantation (simultanecous or sequential)
and pre-emptive liver transplantation (before end-stage
renal failure occurs)*?. Liver transplantation has been
suggested recently for the treatment of organic acidemia
(propionic aciduria, methylmalonic aciduria). In patients
affected by these diseases, liver transplantation does not
correct the enzyme deficiency in other organs beside
the liver. Although quality of life is generally improved,
patients remain at risk of severe extrahepatic disease
complications!®®. Liver cirrhosis with severe portal
hypertension develops in an about 25% of the patients
affected by cystic fibrosis. Liver transplantation should
be considered before the development of end-stage liver
failure and when pulmonary function is still preserved
(FEV; > 50%).

Study Time:...
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Figure 1 Adolescent affected by tyrosinemia who developed hepatocel-
lular carcinoma, despite 2-(2-nitro-4-fluoromethylbenzoyl)-1,3-cyclohex-
anedione therapy. A: Magnetic resonance imaging displays a 26-mm lesion.
B: After liver transplantation, the resected liver showed multiple nodules in the
left lobe. C: Histological sections from the nodule revealed hepatocellular carci-
noma. D: Microvascular invasion.

Acute liver failure

Acute liver failure is a rare event in children; recovery
without transplantation occurs in 15%-20% of patients
with severe hepatic encephalopathy. A prospective study
from the Pediatric Acute Liver Failure Study Group
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Figure 2 Non-resectable hepatoblastoma.

has indicated that in 49% of patients (54% of children
aged 1 year), the cause of acute liver failure cannot
be determined and that total bilirubin = 5 mg/dL,
international normalized ratio INR) = 2.55 and hepatic
encephalopathy are risk factors predictive of death or
liver transplantation”. In a large retrospective United
Network for Organ Sharing (UNOS) data analysis, it
has been shown that 5-year patient and graft survivals
of children with acute liver failure are significantly lower
than the survival of children transplanted for biliary
atresia (73% and 59% vs 89% and 78%, respectively)!'.

Liver tumors

Hepatoblastoma is the most common liver tumor in
children and, when non-resectable, should be treated
with total hepatectomy and liver transplantation (Figure 2).
Children with hepatoblastoma should first be treated
with chemotherapy and then be evaluated for resection
or transplantation!"l. Hepatocellular carcinoma in
children is rare and is often secondary to congenital
liver disease. The development of hepatocellular
carcinoma has been reported in biliary atresia, Alagille’s
syndrome, progressive intrahepatic cholestasis (tecently
also hepatoblastoma has been reported in a child
with this condition). In children with tyrosinemia,
there is a 33% incidence of hepatocellular carcinoma
before 2 years of age that seems to be reduced if not
eliminated by 2-(2-nitro-4-3 trifluoromethylbenzoyl)-1,3-
cyclohexanedione (NBTC) therapy.

CONTRAINDICATIONS TO LIVER
TRANSPLANTATION

Current contraindications to liver transplantation in
children are: (1) non-resectable extrahepatic malignant
tumor; (2) concomitant end-stage organ failure
that cannot be cotrected by a combined transplant;
(3) uncontrolled sepsis; and (4) irreversible serious
neurological damage. Whereas in adults there are
limitations to access to liver transplantation waiting lists
for patients with primary liver tumors, in children, the
approach is much more liberal and the indication should
be discussed on a case by case analysis with pediatric
oncologists.

EVALUATION OF THE TRANSPLANT
CANDIDATE

The primary goal of the evaluation process is to identify
appropriate candidates for liver transplantation and to
establish a pre-transplantation plan. The following steps
are usually considered: (1) confirm the indication for
transplantation; (2) determine the severity of the disease;
(3) consider alternative treatments to transplantation; (4)
exclude contraindications to transplantation; (5) identify
active infections and assess the immunological status of
the child; (6) rule out cardiac malformations that might
need to be corrected before transplantation; (7) establish
a pre-transplant therapeutic plan: immunizations, when
possible, nutritional support to optimize growth, dental
care, prevention or treatment of drug-induced side
effects (e.g. osteopenia secondary to prolonged steroid
intake); (8) inform parents, and the patient if possible,
on the transplantation procedure and on the post-
transplantation period in order to motivate and prepare
them to accept and deal with all issues and possible
complications of the procedure; and (9) evaluate social
status and logistic issues.

PRIORITIZATION

In the early 1980s, waiting time and severity of illness
expressed by patient location (home, hospital, ICU) were
the primary factors used to stratify patients. Later on,
it was shown that waiting time had no relationship to
mortality, except for urgent acute liver failure patients,
and therefore, that an allocation policy based on objective
medical criteria was needed. Based on data derived from
the Studies of Pediatric Liver Transplantation research
group, a pediatric end-stage liver disease score (PELD)
was ctreated, using bilirubin, INR, serum albumin,
age > 1 year, and growth failure to predict waiting list
mortality!"”. Additional PELD points ate awarded for
specific risk factors not taken into account in the PELD
equation, such as hepatopulmonary syndrome, metabolic
diseases, and liver tumors. The adoption of the
PELD score in the USA has improved the access and
accountability of the allocation system. However, the
PELD score has not proven to be a successful predictor
of outcome following transplantation!">'*l,

THE TRANSPLANT OPERATION

The first liver transplant was performed by Thomas
Starzl, in 1963, on a 2-year-old child affected by biliary
atresial®. The patient died in the operating room of
uncontrolled hemorrhage. After this first case, and up to
the early 1980s, the only technical option for pediatric
liver transplantation was to transplant the whole liver
of a donor with a weight as close as possible to that
of the recipient. Given the low number of pediatric
donors, up to 50% of the children on the waiting list
would die before they could receive a transplant!'.
The development of techniques that allow surgeons
to transplant portions of livers from adult donors has
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completely changed the fate of liver transplantation in
pediatric patients.

Whole-liver transplantation

The procedure of whole-liver procurement in pediatric
donors can be performed exactly as in adults, applying
a technique that is a combination of the initial
procurement technique described by Starzl ez af', and
the most recently described rapid flush technique!'®'".
Whole-liver pediatric transplantation can be performed
with two different techniques: the classic technique
with inferior vena cava replacement, and the piggyback
technique™ with preservation of the native infetior
vena cava. The present authors routinely use the classic
technique in the vast majority of whole liver transplants.
Veno-venous bypass is generally not used in pediatric
liver transplantation, given that patients generally tolerate
explantation well, provided that volume replacement has
been adequate. Adopted techniques are almost identical
to the ones used in adults recipients. In cases in which
the liver is encased in adhesions, as it is in biliary atresia,
we recommend that surgeons first approach the hepatic
hilum from the right posterolateral aspect, identifying the
Roux-en-Y jejunal limb, which is transected with a linear
stapler or between ligatures. This allows better exposure
and dissection of the hilum. If the portal vein is small
and sclerotic, it has to be dissected proximally to the
confluence of the splenic and superior mesenteric vein,
dividing the coronary vein of the stomach. The portal
vein anastomosis will then be performed by means of
a donor interposition vein graft. In difficult dissections,
the vena cava can be clamped above and below the liver
before completing the mobilization of the liver itself.

Several methods of arterial reconstruction have
been proposed. It is our preference to anastomose the
small arterial vessels encountered in pediatric whole liver
transplantation in an end-to-end manner by using the
magnification loops (3.5 X) and interrupted or running
8-0 polypropylene sutures. We generally do not use the
branch patch technique, and in the case of aberrant
arterial anatomy, the supraceliac aorta is the inflow vessel
of choice. The use of arterial conduits anastomosed to
the infrarenal aorta is avoided if possible.

In theory, biliary tract continuity can be restored
through direct anastomosis between the new liver’s
hepatic duct and the recipient’s common bile
duct. However, the most common type of biliary
reconstruction adopted in pediatric patients is
hepaticojejunostomy. In biliary atresia patients, the
reconstruction uses the previous Roux-en-Y limb of the
hepatic portoenterostomy, if suitable; otherwise a 40-cm
Roux-en-Y jejunal limb is created. The authors’ attitude
is not to use a T tube, because no randomized trial so far
has demonstrated any advantages in using it, and there
are often biliary leaks when the T tube is pulled.

Occasionally in children, abdominal-wall closure
may be impossible because of the large size of the
transplanted liver. This may be remedied by creating a
silo on the abdominal wall such that a temporary closure
can be madeP!l.

Reduced-size liver transplantation

This procedure was first described by Bismuth ez a/*?
and consists in the procurement of the whole liver
from an adult cadaver donor, which is reduced in its
size on the back-table. In the original description, a
right hepatectomy was performed on the back-table:
the right lobe of the liver was discharged, while the left
lobe (Couinaud liver segments 1 to 4), including the
vena cava, was transplanted in a child. This technique of
parenchymal reduction, very seldom used today, allows
surgeons to overcome differences in size between the
donor and the recipient of up to four ot five times™*.

Following these first experiences, a more aggressive
reduction that allows transplanting the liver from donors
with a body weight up to 12 times the recipient’s was
introduced. On the back-table, the graft undergoes an
extended right hepatectomy, including segment 4 and
the caudate lobe. The resulting left lateral segment graft
comprises segments 2 and 3, without the vena cava. The
graft is transplanted retaining the recipient’s vena cava,
anastomosing the graft left hepatic vein to the recipient’s
vena cava.

Reduced-size liver transplantation shows outcomes
in line, if not superior, to whole-liver transplantation,
and has become an essential part of the technical
expertise of pediatric transplant centers™?" (Table 1).
The development of this technique has led to almost
total elimination of child mortality on the waiting
list, through the utilization of an adult liver cadaver
donor. Its main limitation is that it withdraws organs
from the larger adult recipient pool. For this reason,
after the development of living-related and split-liver
transplantation, reduced-size live transplantation is used
increasingly less, and should not be considered an option
anymore for pediatric liver transplantation.

Living-related liver transplantation
The first description of the procedure in which segments
2 and 3 were procured from a living donor (the mother),
and transplanted in a child affected by biliary duct atresia,
dates back to 1988P"*. Living-related liver transplants
soon came to account for a substantial number of
pediatric cases performed in many centers throughout
the world, and the only possibility for liver transplants in
countries where cadaveric organ procurement was not
allowed until just a few years ago’.

Living-donor procurement involves performing
a left lobectomy during which segments 2 and 3 are
separated from the remaining liver, and dissecting the
parenchyma along a section running to the right of the
round ligament. After the parenchyma dissection, the left
branch of the portal vein, the hepatic artery, and the left
suprahepatic vein are quickly clamped and dissected, and
the left lobe perfused on the back-table. The recipient’s
procedure is similar to the one described for the
transplant of segments 2 and 3 from a cadaver donor,
except for the fact that the arterial anastomosis can be
performed only in the left branch of the hepatic artery.
The branch is small and usually anastomosed directly
to the recipient’s hepatic artery using the operative
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Series Period n Survival (%) ReTX (%) Complications (%)
Patient Organ HAT PVT BC PNF

Broelsch et al™! 1984-1987 9 44 33 11 0 0 11 11
Otte et al™ 1984-1988 42 68 54 28 7 0 NA 5
Bismuth et al™ 1984-1988 14 50 44 14 7 7 14 7
Houssin et al™ 1986-1989 40 75 73 = 5 5 5 5
Kalayoglu et al™” 1988-1989 12 83 67 25 16 8 0 0
Esquivel et al™ 1988-1990 20 81 75 12 0 3 5 0
Langnas et al®” 1988-1991 29 68 65 3 7 0 20 10

ReTX: Retransplantation; HAT: Hepatic artery thrombosis; PVT: Portal vein thrombosis; BC: Biliary complication; PNF: Primary non-function; NA: Not available.

Series Period n Survival (%) ReTX (%) Complications (%)
Patient Organ HAT PVT BC PNF

Tanaka et al™ 1990-1992 37 E90 U 57 E90 U 57 0 U 14 E3 E10 0
Emond et al® 1991-1992 18 94 84 16 11 6 16 0
Broelsch et al™ 1991 20 85 75 20 25 20 35 0
Malagp et al™! 1991-1994 36 72 72 8 2.8 3 25 -
Otte et al™ 1993-1995 30 97 93 = 20
Haberal et al™ 1990-1997 19 58 58 0 5 0 0
Darwish et al™ 1993-2002 100 94 92 3 1 14 27 0

E: Elective cases; U: Urgent cases; ReTX: Retransplantation; HAT: Hepatic artery thrombosis; PVT: Portal vein thrombosis; BC: Biliary complication; PNF:

Primary non-function.

microscope.

Living-related liver transplantation has been widely
debated with regard to the ethics of performing
major surgery on a healthy person. The validity of
this procedure is broadly recognized, and over 1200
cases have been performed worldwide, with a donor
mortality and morbidity of approximately 0.2% and
10%, respectively. Morbidity relates mainly to biliary
fistulas, incisional hernias, and bleeding. In the majority
of cases, living-related transplants register an excellent
outcome for pediatric recipients, thanks to the possibility
of performing the transplant before the child’s clinical
condition deteriorates. Centers with most experience in
this area report survival rates between 80 and 90% after
1 yeatP**! (Table 2).

Split-liver transplantation

Split-liver transplantation, as described originally by
Pichlmayr, involves procuring a whole liver from a
cadaver donor and dividing it into two sections along
the round ligament, leaving the vascular structures for
the two portions of hepatic parenchyma intact”. In this
way, two partial organs are obtained from a single liver:
the left lateral segment (segments 2 and 3), which can
be transplanted in a child, and the extended right liver
(segments 1 and 4-8), which can be transplanted into an
adult. This procedure involves a much longer ischemia
time, which, at the beginning of its adoption, led to
unsatisfactory results, with a high incidence of primary
dysfunction and technical complications* (Table 3). In
1994, Rogiers described a technical variation in the split-
liver technique, derived from the living-related transplant
experience that consisted in dividing the liver 7n situ

during the procurement procedutre®. The technique
has shown outcomes comparable to those obtained with

conventional techniques®”*? (Table 4).

The donor operation

A section of the liver is made along the falciform
ligament to obtain a left graft, composed of segments 2
and 3, including the left hepatic vein, the left branch of
the portal vein, and the left branch of the hepatic artery,
along with the common hepatic artery and the celiac
tripod, and a right graft, composed of segments 1 and
4 to 8, including the vena cava, the right branch of the
hepatic artery, and the portal vein along with the origin
of the mesenteric and splenic veins (Figure 3).

At the beginning of the split procedure, the
hepatogastric ligament is inspected to detect an
accessory left hepatic artery originating from the left
gastric artery, which must be preserved. When this vessel
is not detected, the ligament is sectioned. The common
hepatic artery is then identified and dissected from the
gastroduodenal artery up to its division into the right
and left hepatic arteries. The left hepatic artery is then
encircled (Figure 4A). If present, branches for the
fourth segment originating from the left hepatic artery
should be identified and divided. The base of the round
ligament is exposed by dividing the small bridge of
parenchyma that connects the lower portion of segment
4 to the left lateral section of the liver. The round
ligament is dissected and completely mobilized with
isolation and division of its venous connections to the
fourth segment. Once the round ligament is dissected,
the extrahepatic portion of the left branch of the portal
vein can be identified just below the left hepatic artery.
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Table 3 Series of ex situ split-liver transplantation

Series Year ADU (7) PED (#7) Urgent (%) Patient survival (%)  Graft survival (%) Complications (%)

ADU PED ADU PED HAT PVT BC PNF
Pichlmayr et al*” 1989 2 0 0 50 - 50 - 0 0 0 0
Bismuth et al™" 1989 2 0 100 0 = 0 = 0 0 0 0
Otte et al™? 1990 1 3 75 0 66 0 66 0 0 0 0
Emond et al® 1990 5 13 38 40 63 40 53 6 6 27 24
Broelsch et al™" 1990 4 21 40 25 66 20 48 NA NA 27 NA
Langnas et al” 1992 1 9 73 NA NA NA NA 7 0 20 17
Houssin et al*” 1993 6 10 50 83 70 83 60 13 25 25 0
Otte et al™! 1994 11 18 27 NA NA NA NA 10 0 17 10
Kalayoglu ef al*” 1996 5 7 8 100 85 80 71 8 0 17 0
Rogiers et al*" 1996 5 7 44 57 100 42 100 15 0 15 0
Azoulay et al*” 1996 26 1 14 80 100 76 100 15 0 22 4
Dunn et al*™¥ 1997 0 12 50 75 66 0 0 0 0
Rela ef al*! 1998 15 26 12 ) 89 93 84 3 0 15 0
Mirza et al® 1998 10 14 58 80 78 NA NA 8 0 8 16
Chardot et al®™" 1999 0 15 31 = 66 = 62 12 19 25 0
Reyes et al™ 2000 13 12 66 69 66 61 50 12 0 8 NA
Deshpande et al™ 2002 0 80 20 - 89 - 86 5 1 9 0
Noujaim et al™ 2003 24 36 25 NA NA NA NA 3 0 20 3
Oswari et al® 2005 0 30 13 = 70 = 67 2 5 7 NA

ADU: Adults; PED: Children.

Table 4 Series of in situ split-liver transplantation

Series Year ADU (n) PED (7) Urgent (%) Patient survival (%) Graft survival (%) Complications (%)
ADU PED ADU PED HAT PVT BC PNF

Rogiers et al™ 1996 7 7 35 100 85 85 71 0 0 0 0
Goss et al™ 1997 14 12 58 85 100 78 91 0 0 14 11
Busuttil ef al® 1999 NA NA 66 85 9% 86 75 3 1 3 8
Ghobrial et al® 2000 51 51 49 83 78 NA NA 2 2 NA 8
Reyes et al™ 2000 NA NA NA 93 100 79 83 3 0 3 7
Spada et al® 2000 36 35 25 84 85 79 76 5 10 28 2
Gridelli et al" 2003 0 90 28 = 90 = 80 7 6 33 1
Yersiz et al™ 2003 57 104 = 78 75 69 64 13 11 19 26

the right side and the ligamentum venosum is dissected
up to left lateral hepatic vein, which can be isolated and
encircled (Figure 4C). The bile ducts of the left lateral
segment are included in the porta hepatis and should not
be dissected. On the contrary, the porta hepatis must be
encircled and divided sharply (Figure 4D).

The section of the parenchyma can now be
performed along the falciform ligament (Figure 4E). It
is helpful when identifying the plane of the dissection to
pass the cotton tape, which encircles the left hepatic vein
on the posterior surface of the liver in the fossa of the
ductus venosus, laterally to the left branch of the hepatic
artery and of the portal vein (Figure 4F and G). Pulling
up on this tape, the dissection of the parenchyma is
usually easy. At this point, the procedure continues
as a standard donor operation with heparinization,
cannulation and cross-clamping of the aorta, perfusion,
and cooling of the abdominal cavity. The left hepatic
vein is then sectioned close to the vena cava. Care must
be taken to identify a distal bifurcation of this vein.
A double left hepatic vein significantly increases the
technical difficulty of the implantation of the graft. In

20%-25%

75%-80%

Figure 3 Spit liver allows for the procurement of two separate grafts of
different size. A section of the liver is made along the falciform ligament and
divides the left lateral segment from the extended right liver. The left graft,
composed of segments 2 and 3, and representing 20%-25% of the total liver
volume, includes the left hepatic vein, the left branch of the portal vein, and the
left branch of the hepatic artery, along with the common hepatic artery and the
celiac tripod. The right graft composed of segments 1 and 4-8, and representing
75%-80% of the total liver volume, includes the vena cava, the right branch of
the hepatic artery, and the portal vein.

This vein must be carefully dissected and encircled
(Figure 4B). The left lateral section is rotated laterally on

this case, the vessel should be removed with a cuff of
vena cava to allow a single vascular anastomosis with
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Figure 4 Main phases of split liver procurement. A: Dissection of the hepatogastric ligament and encircling of the left hepatic artery; B: Identification and encircl-
ing of the extrahepatic portion of the left branch of the portal vein; C: Isolation and encircling of the left hepatic vein; D: Division with a scalpel of the porta hepatis
containing the bile duct(s) of the left lateral segment; E: Section of the parenchyma started along the falciform ligament; F: Identification of the plane of parenchymal
dissection by passing the cotton tape, which encircled the left hepatic vein, on the posterior surface of the liver in the fossa of the ductus venosus; G: Laterally to the
left branch of the hepatic artery and of the portal vein; H: The two partial grafts at the end of the procedure.

the recipient vena cava. The left branch of the portal
vein is sectioned close to the parenchyma. The right
hepatic artery is sectioned close to its origin, and the
hepatic artery is dissected up to the celiac trunk, which is
removed along with an aortic cuff.

The recipient operation
Recipient hepatectomy is performed, as previously
described for whole-liver transplantation, with the
piggy-back technique!®. Implantation of the left lateral
segment is substantially different from a whole-sized
graft. Assuring an adequate venous outflow requires
a careful technique of anastomosis between the left
hepatic vein of the graft and the inferior vena cava of
the recipient and a proper positioning of the graft itself,
which is rotated clockwise 45° on a transversal plane
and slightly on a frontal plane. The final position of the
cut surface of the parenchyma, including the new hilum
of the graft, is high and posterior, so that the portal
vein and hepatic artery have a course that is curved and
longer than usual.

The outflow anastomosis is end-to-side between

the left hepatic vein of the graft and the inferior vena
cava of the recipient, with the triangulation technique
desctibed by Emond ez a/*Y. The bridge between the ostia
of the right and middle hepatic veins is cut to obtain
a single opening. The ostium of the left hepatic vein
may be treated in the same fashion, to obtain a further
enlargement of the opening, or suture-closed. The
opening is then enlarged by cutting the anterior face of
the vena cava to obtain a wide reversed triangular orifice.
The cuff of the left hepatic vein of the graft is trimmed
as short as possible, to avoid kinking. Three 5/0 vascular
monofilament sutures are placed, taking the three
corners of the graft and recipient orifices (Figure 5).
The graft is then placed in the hepatic fossa of the
recipient and the triangular anastomosis performed with
three running sutures.

The second anastomosis is the portal one, performed
in an end-to-end fashion with running sutures of 6/0
ot 7/0 vascular monofilament. Both the length and the
section of the vessels are crucial. As already mentioned,
the length should be sufficient for the vessel to make a
gentle curve that reaches the hilum of the graft; as for
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Figure 5 Anastomosis between the left hepatic vein of the graft and the
inferior vena cava of the recipient, performed with the triangulation tech-
nique. A: The bridge between the ostia of the right, middle, and left hepatic
veins is cut to obtain a single opening; B: The opening is further enlarged by
cutting the anterior face of the vena cava to obtain a wide triangular orifice; C:
Three 5/0 vascular monofilament sutures are placed, taking the three corners of
the graft and recipient orifices.

the section, the limiting factor is the size of the graft
cuff. In the majority of cases, the recipient’s vessel
matches this size rather well. If not, it can be cut at its
bifurcation, to obtain a branch patch. In case of real
hypoplasia of the recipient’s portal vein, the confluence
of the mesenteric and splenic vein can be clamped, the
vessel sectioned at this level and a venous graft from
the donor (usually the splenic or the external iliac vein)
interposed between the confluence and the portal vein
of the new liver. After completion of the anastomosis
the graft is reperfused.

The arterial anastomosis comes next. The arterial axis
of the graft usually includes the proper and common
hepatic artery, in continuity with the celiac artery, and
a patch of the aorta. The level of the anastomosis is
chosen at any place along the recipient’s arterial axis, and

the two vessels are trimmed to obtain a similar section
and an adequate length, according to what has already
been stated concerning the portal vein. The anastomosis
is performed end-to-end with a running suture of 7/0 or
8/0 vascular monofilament. If the recipient’s arterial axis
is deemed inadequate, the aorta can be clamped at the
origin of the celiac artery or just below the renal arteries,
and an end-to-side anastomosis can be performed at one
of these sites. In the latter case, the interposition of an
arterial graft from the donor, usually represented by an
iliac artery, may be necessaty.

The final stage is biliary reconstruction, which is
always a hepaticojejunostomy with a Roux-en-Y loop.
The bile duct of the graft may be single or double,
although in the latter case two different anastomoses are
performed (Figure 06).

Childhood hepatic malignancies have been
considered a contraindication to the use of split-liver
transplantation, since the need for the retention of
the recipient’s inferior vena cava potentially precludes
obtaining a tumot-free margin®!. A technical vatiation,
which has allowed us and others to successfully use left
lateral segment grafts to transplant children affected by
hepatic malignancies, involves the replacement of the
recipient’s inferior vena cava using an iliac vein graft
from the donor®. On the back-table, a wide V-shaped
opening on the wall of the common iliac vein graft
from the donor is made. The left hepatic vein of the
left lateral segment graft is anastomosed end-to-side to
the V-shaped opening on the common iliac vein with
two 5/0 polypropylene running sutures (Figure 7). On
the recipient, a total hepatectomy is usually performed
using the standard technique of removing the liver
together with the retrohepatic vena cava. At this point,
the left lateral segment graft with the iliac vein graft is
anastomosed to the suprahepatic vena cava in an end-
to-end fashion with a 4/0 polypropylene running suture.
The inferior edge of the iliac graft is then anastomosed
to the infrahepatic vena cava with a 5/0 polypropylene
running suture.

Donor selection
The following factors must be considered when a donor
is evaluated for a specific patient.

Dimensional matching: The selection of a graft with
an adequate parenchymal mass is critical to success.
The minimal hepatic mass necessary for recovery is not
clearly established, and its calculation must take into
account the temporary loss of hepatocytes caused by
the donor’s injury or treatment, as well as preservation
injury, acute rejection, or technical problems. Several
formulas have been proposed to estimate adult and
pediatric normal liver volumel®72,

Considering that preservation injury is greater in
organs from deceased donors, the hepatic mass of a
graft procured from a cadaver donor should be greater
than the calculated mass necessary using a living-donor
liver segment. In the authors’ experience, a donor weight
range 20%-30% above or below that of the recipient is
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Figure 6 Biliary reconstruction performed by means of hepatico-jejunos-
tomy. The bile duct of the graft can be single or double, although in the latter
case, two different anastomoses are performed (B) or, if the two ducts are
closed sufficiently, a common orifice can be created and anastomosed to the
bowel loop (C).

ideal for whole-organ donors, however these values can
be extended down to 50% below and 100% above, taking
into consideration body habitus and factors that would
increase recipient abdominal size, such as ascites and
hepatosplenomegaly. When selecting donors of partial
grafts, a graft fraction of 1%-3% of the recipient body
mass is optimum, while a graft-to-recipient weight ratio
< 0.7 is usually associated with inferior overall allograft
and patient survival. In the authors’ experience, a liver
is procured and transplanted as a whole graft when the
donor-to-recipient body weight ratio is < 2. When the
donor-to-recipient body weight ratio is between 2 and
12, the graft is considered for split liver!®*S!,

Donor characteristics: Donor-organ suitability is
assessed by evaluating clinical information and by
biochemical tests. Particular attention is paid to donor

Figure 7 Use of left lateral segment grafts to transplant children affected
by hepatic malignancies, with replacement of the recipient’s inferior vena
cava using an iliac vein graft from the donor. On the back table a wide
V-shaped opening on the wall of the common iliac vein graft from the donor is
made (A), and the left hepatic vein of the left lateral segment graft is anasto-
mosed end-to-side to the V-shaped opening on the common iliac vein (B).

age, intensive care hospitalization time, infections,
hemodynamic stability. Biochemical tests do not serve as
good benchmarks of functional capability, even if severe
electrolyte disturbances and deteriorating trends identify
increased risk. In questionable cases, biopsy of the donor
liver at the time of organ harvest or during evaluation
of live donors is helpful to identify pre-existing liver
disease or steatosis. Quite extended critetia can be used
in donors of whole allografts, especially when ischemic
time is limited, without compromising the outcome.
On the contrary, restricted selection criteria have been
proposed when split-liver transplantation is considered.
Commonly accepted donor selection criteria for split-
liver procurement are: (1) age 15-50 years; (2) weight >
40 kg; (3) no past history of liver dysfunction/damage;
(4) liver function tests within 2-5-fold of normal values;
(5) normal macroscopic appearance of the graft; and (6)
hemodynamic stability”. Nevertheless, the authors have
adopted a liberal policy of liver splitting. The decision
of whether or not to split a graft is based mainly on
recipient, rather than on donor, criteria. Children
requiring re-transplantation or who have fulminant
hepatic failure are not excluded. Donor evaluation does
not require special or additional invasive or non-invasive
tests. Using these extended criteria for donor selection,
we have been able to transplant all the children in need
with no mortality on the waiting list and good overall
patient and graft survival rates!™!l.
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No consistent data exist on the effect of donor
age on the long-term results of pediatric liver
transplantation. Data from multicenter registries have
shown that pediatric patients receiving livers from
pediatric-age donors have significantly better graft
survival compared to those receiving livers from donors
aged > 18 years"*”!. These data strongly support the
primary use of pediatric donors for pediatric recipients,
but are not to be considered a contraindication to the
use of adult donors in pediatric transplantation. The
limited availability of pediatric donor organs does not
allow us to satisfy the need of an increased waiting
list population. Moreover, the results obtained using
adult donors are biased by the policy to use older
donors only in high-risk urgent cases. For split-liver
transplantation, the authors used donors over the age of
50 years without affecting the 3-year patient and graft

survivall’®

1. In addition, pediatric donots can be safely
used for split-liver procurement and transplantation:
left lateral segment is transplanted in a small child, while
the extended right lobe can be used in larger children,

adolescents or adults"7®1,

Living-donor selection: In living-donor transplantation,
the evaluation and selection of a donor, usually a parent
or first-degree relative is performed on the assumption
that donor safety can be assured and that the donot’s
liver function is normal. Donors should be 18-55 years
of age, and have an ABO-compatible blood type.
Following a satisfactory medical and psychological
examination by physicians who are not directly involved
with the transplantation program, vascular imaging is
performed to assess the hepatic arterial anatomy. Donor
safety has been excellent in all living donor series.

EARLY POSTOPERATIVE PERIOD

The early postoperative period consists of managing
problems related to technical complications and to the
prevention, diagnosis, and treatment of acute rejection
and infection episodes. Postoperative complications
usually present with a combination of cholestasis,
rising hepatocellular enzyme levels, and variable fever,
lethargy and anorexia. This non-specific symptom
complex requires specific diagnostic evaluation before
establishing treatment, and empiric therapy may result in
misdiagnosis, morbidity and mortality.

Primary non-function

The lack of graft functional recovery can be seen in
the first hours following transplantation, with high
lactate levels, increased prothrombin time and partial
thromboplastin time, and failure of the patient to
wake despite sedation suspension. This extremely
serious complication must be treated aggressively and
immediately by infusing prostaglandin E;, adopting the
necessary measures to prevent a brain edema (mannitol
infusion, hyperventilation), and addressing the effects
of the liver failure by infusing plasma and glucose. If
the signs of lack of functional recovery persist for more

than a few hours, the patient needs a new transplant as
soon as possible. Lesser degrees of allograft dysfunction
occur more frequently but are usually reversible. The
status of the donor liver contributes significantly to the
potential for primary non-function because of ischemic
injury secondary to anemia, hypotension, hypoxia, or
direct tissue injury. A possible cause of primary non-
function is hyperacute rejection, a rare phenomenon
characterized by rapid intraparenchymal vascular
thrombosis, mediated by pre-formed antibodies that bind
to the vascular endothelium and trigger the complement
system. Antibodies are generally directed against protein
alloantigens such as foreign MHC molecules or less
differentiated alloantigens expressed on endothelial cells.

Vascular complications

The hepatic artery anastomosis carries the highest
risk of thrombosis (5%-18%) and leads to massive
graft necrosis in cases of early onset. Hepatic artery
thrombosis occurs in children three to four times more
frequently than in adult transplant patients, and occurs
most often within the first 30 d after transplantation and
in small babies transplanted with whole livers®™. When
hepatic artery thrombosis is identified early (Figure 8),
reconstruction can be attempted to avoid allograft
necrosis®™. When allograft failure develops, urgent re-
transplantation is the only option. Late thromboses
(occurring some weeks after the transplant) can manifest
with biliary complications (stenosis or dehiscence of
the biliary anastomosis, intrahepatic bilomas) or sepsis.
Rarely, allograft necrosis occurs. Stenosis of the hepatic
artery usually occurs at the anastomosis and in many
cases may progress to complete thrombosis. Clinical
manifestations include cholestasis or graft failure
caused by diminution in hepatic blood flow. Non-
invasive diagnosis relies on Doppler ultrasound with
calculation of resistive indices and systolic acceleration
time. Treatment modalities include revision of the
anastomosis or balloon angioplasty (Figure 9).

A typical complication of a left lateral segment graft
is stenosis at the level of the anastomosis between the
left hepatic vein of the graft and the native vena cava,
which in the worst cases can lead to acute Budd-Chiari
syndrome. However, since the introduction of the
triangulation technique, this complication has become
quite rarel®®. When present, outflow venous obstruction
can be treated by cavography and balloon angioplasty
(Figure 10).

Finally, portal vein thrombosis occurs in 5%-10% of
recipients. It is more frequent in children transplanted
for biliary atresia, because of pre-existing portal vein
hypoplasia, which requires replacing the entire portal
vein down to the confluence of the superior mesenteric
vein with the splenic vein to avoid low-flow-related
thrombosis. Early thrombosis following transplantation,
detected by ultrasound screening, requires immediate
anastomotic revision and thrombectomy®!l. Later
thrombosis is usually detected by decreased platelet
counts and increasing spleen size or gastrointestinal
bleeding (Figure 11). Interventional radiographic stent
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Figure 8 Selective celiac angiography showing early hepatic artery throm-
bosis after left lateral segment transplantation. A: Conventional angiogra-
phy is the gold standard for radiographic diagnosis of hepatic artery thrombosis.
B: Nowadays, the sensitivity of multiphase, multislice computed tomographic
angiography with multidetector reconstruction approaches that of conventional
angiography.

placement or balloon dilation has been successful in
patients who have portal anastomotic stenosis but is less
successful when complete thrombosis has occurred®™.
Portal venous shunting may be needed in patients who
have progressive portal hypertensive complications.

Biliary complications

Biliary complications occur in approximately 10%-30%
of pediatric liver transplant recipients, depending on the
type of allograft used®®*! In the early postoperative
period, the presence of bile-like fluid in the abdominal
drainage is strongly suggestive of a bile leak. Ultrasound
evidence of intrahepatic biliary ducts dilatation, elevated
alkaline phosphatase and y-glutamyl transferase (GT),
and/or recurrent cholangitis suggest anastomotic or
intrahepatic biliary stricture or small bowel obstruction
at or distal to the Roux-en-Y anastomosis. Sometimes,
non-specifically elevated liver function tests may be
caused by a biliary stricture; in these cases a liver
biopsy showing biliary duct proliferation and portal
tract enlargement may help in differential diagnosis
(Figure 12). Complications after duct-to-duct biliary
reconstruction can be treated by dilation and internal
stenting. With recurrent stenosis or persistent
postoperative leak, Roux-en-Y choledochojejunostomy
is the preferred treatment. In small children and in
all patients transplanted for biliary atresia or with a
partial graft, Roux-en-Y choledochojejunostomy is the
reconstruction method of choice. In these patients,

pd

Hepatic/artery
stenosis

Figure 9 A case of hepatic artery stenosis. Reconstructed computed tomo-
graphic angiography demonstrating severe hepatic artery stenosis in an extended
right graft recipient (A), and complete resolution of the stenosis 6 mo later (B),
after stenosis treatment by early interventionally guided balloon angioplasty (C).
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Figure 10 Venogram of hepatic venous outflow obstruction after left lat-
eral segment split-liver transplantation. Venogram demonstrates a stenosis
at the left hepatic vein anastomosis (A). Balloon angioplasty is performed (B),
with resolution of the stenosis (C).

dilatation and stenting are performed by percutaneous
transhepatic cholangiography (Figure 13). The presence
of multiple bile ducts has a documented increased risk
for biliary complications®.

Reoperation and re-transplantation

Early second-look reoperation is commonly used in
several centers for the best diagnosis and treatment of
bile leakage, hemorrhage, bowel injury secondary to
multiple intra-abdominal adhesions, and sepsis. Infants
and small children who have had only initial skin closure
require secondary laparotomy for musculofascial closure
in 5-7 d®7,

The overall incidence of re-transplantation ranges
from 8% to 29%. The incidence of re-transplantation is
similar for whole-organ allografts and partial allografts.
The majority of re-transplantations result from acute
allograft damage caused by either hepatic artery

Figure 11 Portal vein thrombosis. Computed tomographic angiography
with evidence of portal vein thrombosis and cavernomatous degeneration
with collateral drainage through the left gastric vein (A), and evidence of
intrahepatic portal flux restoration (B).
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Figure 12 Liver biopsy performed in a left lateral segment recipient be-
cause of non-specifically elevated liver function tests. Histology shows
biliary duct proliferation and portal tract enlargement suggestive of mechanic
cholestasis.

thrombosis or primary non-function; chronic rejection
and biliary complications are uncommon causes. When
re-transplantation for acute organ failure is undertaken
in a timely manner, patient survival exceeds 80%.
When re-transplantation is performed after prolonged
immunosuppression for chronic allograft failure, often
complicated by multiorgan insufficiency, the survival is

only 50%.

Acute rejection

About 20%-50% of patients develop at least one
episode of acute rejection in the first weeks after
liver transplantation. The clinical picture of rejection
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Figure 13 A case of biliary stenosis. Percutaneous transhepatic cholangiog-
raphy performed in a left lateral segment recipient demonstrating intrahepatic
biliary tree dilatation with stenosis of the hepaticojejunostomy (A), balloon
bilioplasty (B), and transanastomotic percutaneous transhepatic biliary drainage
positioning (C). Resolution of the stenosis after three sessions of bilioplasty (D).

includes fever, irritability, malaise, leucocytosis, often
with eosinophilia, and increased y-GT, bilirubin,

AP
)

b W

Figure 14 Acute cellular rejection: histopathological findings and grad-
ing. A: Mild acute cellular rejection, portal tracts are mildly expanded because
of a predominantly mononuclear, but mixed portal inflammation. Rejection
infiltrate is composed of blastic and small lymphocytes, eosinophils, macro-
phages, and occasional plasma cells. Lymphocytes are also present inside
the basement membrane of the small bile ducts and in the subendothelial
space of small portal vein branches. B: Moderate acute cellular rejection, all
the portal tracts are markedly expanded by a predominantly mononuclear, but
mixed inflammation. Centrilobular inflammation and hepatocyte necrosis and
dropout are absent. C: evere acute cellular rejection, severe expansion of
the portal tracts because of inflammation with focal portal-to-portal bridging;
perivenular inflammation with hepatocyte necrosis and dropout; inflammation
and damage to small bile ducts.

and transaminases. A liver biopsy is required to
confirm rejection. Acute rejection is characterized by
the histological triad of endothelialitis, portal triad
lymphocyte infiltration with bile duct injury, and hepatic
parenchymal cell damage!™ (Figure 14). Severity of acute
rejection is scored according to the Banff scheme, which
includes the descriptive grades indeterminate, mild,
moderate, and severe, and a semi-quantitative rejection
activity index (RAI) scoring on a scale from 0 to 3 the
prevalence and severity of portal inflammation, bile duct
damage, and subendothelial inflammation®™ (Tables 5
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Assessment Criteria RAI
Indeterminate Portal inflammatory infiltrate that fails to meet criteria for the diagnosis of acute rejection 1-2
Mild Rejection infiltrate in a minority of the triads that is generally mild and confined within the portal spaces 3-4
Moderate Rejection infiltrate expanding most or all of the triads 5-6
Severe As above for moderate, with spillover into the periportal areas and moderate to severe perivenular inflammation that extends > 6

into the hepatic perenchyma and is associated with perivenular hepatocyte necrosis
Category Criteria Score
Portal inflammation ~ Mostly lymphocytic inflammation involving, but not noticeably expanding, a minority of the triads 1
Expansion of most or all of the triads by a mixed infiltrate containing lymphocytes with occasional blasts, neutrophils, 2
and eosinophils
Marked expansion of most or all of the triads by a mixed infiltrate containing numerous blasts and eosinophils with 3

inflammatory spillover into the periportal parenchyma

Bile duct inflammation A minority of the ducts are cuffed and infiltrated by inflammatory cells and show only mild reactive changes suchasan 1

damage

increased nuclear-to-cytoplasmatic ratio of the epithelial cells

Most or all of the ducts infiltrated by inflammatory cells. More than an occasional duct shows degenerative changes such 2

as nuclear pleomorphism, disordered polarity, and cytoplasmatic vacuolization of the epithelium

As above for the 2nd criterion, with most or all of the ducts showing degenerative changes or focal luminal disruption 3
Venous endothelial Subendothelial lymphocytic infiltration involving some, but not a majority, of the portal and/or hepatic venules 1
inflammation Subendothelial infiltration involving most or all of the portal and/or hepatic venules 2
As above for the 2nd criterion, with moderate or severe perivenular inflammation that extends into the perivenular 3
parenchyma and is associated with perivenular hepatocyte necrosis
and 0). prophylaxis have been proposed”. Fungal infection

The primary treatment of rejection is a short course
of high-dose steroids. Bolus doses administered over a
3-0-day period with a rapid taper to baseline therapy are
successful in the majority of cases. When refractory or
recurrent rejection occurs, conversion from cyclosporine
to tacrolimus, or antilymphocyte therapy using the
monoclonal antibody, ornithine-ketoacid transaminase

orthoclone, have been successfully used™ .

INFECTIONS

Immunosuppressive drugs used to prevent rejection
inhibit activation of T lymphocytes, medullar cell
proliferation and macrophage function, therefore
creating an optimal environment for the development of
infections. Infectious complications now represent the
most common source of morbidity and mortality after
transplantation.

Bacterial infections occur in the immediate post-
transplantation period and are most often caused by
Gram-negative enteric organisms, enterococci, or
staphylococci. Sepsis originating at sites of invasive
monitoring lines can be minimized by replacing or
removing all of the intraoperative lines soon after
transplantation. The use of prophylactic antibacterial
antibiotics is discontinued as soon as possible to avoid
the development of resistant organisms.

Fungal infection is a potential problem in the
early post-transplantation period. To prevent fungal
infection, aggressive protocols for pre-transplantation

most often occurs in high-risk patients requiring multiple
operative procedures, re-transplantation, hemodialysis or
continuous hemofiltration, pre-transplant chemotherapy,
and multiple antibiotic courses. The authors use
antifungal postoperative prophylaxis with liposomal
amphotericin B only in high-risk patients undergoing
liver transplantation.

Early and severe viral infections are caused by viruses
of the herpes family, including Epstein-Barr virus (EBV),
cytomegalovirus (CMV), and herpes simplex virus®.
The risk of developing either CMV or EBV infection
is influenced by the preoperative serological status of
the transplant donor and recipient™ . Seronegative
recipients receiving seropositive donor organs are at
greatest risk. Various prophylactic protocols, including
intravenous IgG and hyperimmune anti-CMV IgG,
associated with acyclovir or ganciclovir have been used to
decrease the incidence of symptomatic CMV and EBV
infection, although seroconversion in naive recipients
inevitably occurs®l. The suspicion of CMV infection
is suggested by the presence of fever, leukopenia,
maculopapular rash and hepatocellular abnormalities,
respiratory insufficiency, or gastrointestinal hemorrhage.
Hepatic biopsy or endoscopic biopsy of colonic
or gastroduodenal sites allows early diagnosis with
immunohistochemical recognition. Nowadays, the
availability of specific antiviral drugs like ganciclovir,
foscarnet and more recently valaciclovir, have radically
modified the prognosis of CMV infection. At the start
of the 1990s, the concept of pre-symptomatic therapy
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was introduced as a strategy to prevent the incidence
of CMV-related disease, based on the principle of not
administering antiviral medications up to the point when
these will have maximum effect, and monitoring CMV
antigenemia (pp65) ot viremia (CMV DNA)P7,

Herpes simplex virus infections, similar to those
seen in non-transplant patients, require treatment with
acyclovir when diagnosed.

EBYV infection represents a potential risk for the
pediatric transplant recipient. EBV infection has a
variable clinical picture including a mononucleosis-like
syndrome, hepatitis-simulating rejection, extranodal
lymphoproliferative infiltration, peritonsillar or lymph
node enlargement, or encephalopathy. Monitoring of
EBYV blood viral load by quantitative polymerase chain
reaction (PCR) is the best predictor of risk. When
evidence of active infection exists, an acute reduction
in immunosuppression is mandatory. The authors
recommend monthly EBV-DNA PCR counts and more
frequent monitoring in case of increasing viral load
levels. As a result of the lack of a standardized EBV
DNA count methodology, no common cutoff exists.
In the authots’ expetience, more than 500 genomes/10°
peripheral blood leukocytes identify patients who benefit
from reduction in primary immunosuppression.
Antiviral therapy with ganciclovir and CMV-IgG is also
used, although no definitive data support their use!'*'",

Other post-transplantation infectious complications
include adenovirus hepatitis, varicella, and enterovirus-
induced gastroenteritis. Pueumocystis carinii infection has
been neatly eliminated by the prophylactic administration
of sulfisoxazole and trimethoprim or aerosolized
pentamidine.

MANAGING IMMUNOSUPPRESSIVE
THERAPY

The immune system recognizes the graft as foreign
and begins a destructive immune response mediated
principally by the T lymphocytes. In order to avoid
destruction of the graft, immunosuppressive drugs
must be administered. Progress in transplant surgery
in the last 20 years has been characterized in large part
by the introduction of calcineurin inhibitors that today
represent the keystone of most immunosuppressive
protocols!'>'%l In the last decade, new drugs that
selectively target various cellular activation pathways
have been proposed and used. The following are the
most commonly used drugs in pediatric liver recipients.

Corticosteroids

Corticosteroids were the first drugs to be used to
control rejection and are still an essential element of the
immunosuppressive regimen; they are effective in both
the prevention and treatment of graft rejection. They act
through intracellular receptors expressed in all cells of
the body. Their immunosuppressive action mechanism,
not fully clarified yet, is linked to the suppression
of antibody production; inhibition of synthesis of

cytokines such as interleukin-2 (IL-2) and interferon-y;
reduction in the proliferation of helper and suppressor
T cells, cytotoxic T cells, and B cells; and the migration
and activity of neutrophils.

Long-term clinical experience with steroid use
has documented a host of adverse effects. Ovet-
immunosuppression is associated with increased
incidence of bacterial, fungal and viral infections. In
addition, patients taking steroids carry an increased
risk for developing malignancies, especially lymphomas
and skin cancers!,
steroids are wide ranging and are of particular concern
for the pediatric transplant patient!"™ %, In terms
of hospital costs, the calculated 10-year cumulative
expense for steroid-related complications in adult kidney
recipients has been shown to be 5300 § per patient per
year!'". Efforts are underway to develop immunotherapy
regimens in which steroids can be withdrawn eatly, or
not used at all.

The experience of steroid weaning after pediatric
liver transplantation was summarized in 2000 by
Reding!"™.. There are a total of nine recent studies, not
all of which were non-randomized and uncontrolled.
Steroid treatment could be successfully stopped in
21%-100% of the transplanted patients. The risk of
rejection was not significantly increased, and varied
from 7% to 29%. Chronic rejection did not seem to
be increased ¥ (Table 7). The conclusions of this
review are the following: (1) weaning of steroids after
pediatric liver transplanatation is safe and, most of the
time, beneficial; and (2) in many patients, calcineurin
inhibitor monotherapy can be achieved, suggesting
that the next step could be the adoption of steroid-free
immunosuppressive protocols.

In a non-randomized study, Reding ¢f /"' compared
pediatric liver transplantation under steroid-free
immunosuppression in children who received combined
tacrolimus and antibody to the IL-2 receptor of T cells
(basiliximab), with matched historical recipients taking
tacrolimus and steroids. Twelve-month rejection-free
survival was similar in the steroid-free group compared
with the corticosteroid group. The authors performed
the first prospective, controlled, randomized study
designed for children undergoing liver transplantation to
test the possibility of avoiding the use of corticosteroids
under baseline tacrolimus immunosuppression plus
basiliximab induction, which confirmed no harmful
effect of steroid avoidance on graft acceptance™.

Corticosteroid withdrawal or avoidance can be
difficult in patients with autoimmune hepatitis, primary
biliary cirrhosis, or primary sclerosing cholangitis. In
these patients it might be desirable to include steroids in
the immunosuppressive protocol as a principle, although
definitive and convincing data are not available.

Detrimental metabolic effects of

Calcineurin inhibitors

Cyclosporine and tacrolimus are classified as calcineurin
inhibitors because they inhibit T-cell responses and
bind to intracellular proteins called immunophilins.
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Author Year Patients () Protocol Weaning (%) Graft loss Rejection (%)
Performed Success Acute Chronic
Margarit et al™” 1989 18 CsA+Aza 83 61 13% 27 13
Andrews et al™ 1994 119 CsA+Aza' 44 67 No 13 No
Dunn et al™? 1994 73 CsA+Aza 51 76 4% 7 4
McDiarmid et al™! 1995 13 CsA+Aza No No No
McKee et al"™! 1997 29 TAC 83 71 29
Martin et al™ 1998 55 CsA+Aza 44 76 No 11 No
Reding et al"®" 2000 375 CsA (n=23) 21 No No No
CsA-ME (n = 24) No No No
TAC (n =31) No 10 No
Atkison et al™”) 2002 94 CsA+Aza’ 71 91 21
Toyoki et al™™ 2004 8 TAC 100 100 No 13 No

CsA: Cyclosporine; CsA-ME: Cyclosporine microemulsion; Aza: Azathioprine; TAC: Tacrolimus. 'In 53% of the weaned children; *Some patients received

antilymphocyte globulin or OKT3 induction.

The immunophilin-drug complex competitively binds
to and inhibits the phosphatase activity of calcineurin.
Calcineurin inhibition indirectly blocks the transcription
of cytokines, particularly IL-2, which regulate the
proliferative T-cell response!'!l. Calcineurin inhibitors
have similar side-effect profiles, which include
dose-dependent nephrotoxicity, neurotoxicity, and
hypertension. Most adverse effects are reversible after
dose reduction or discontinuation of the drug!*>'*.
Tacrolimus has not been associated with cosmetic
adverse effects such as hypertrichosis and gingival
hyperplasia observed in cyclosporine-immunosuppressed
children. Moteover, tacrolimus is associated with less
hyperlipidemia and a lower adverse cardiovascular risk
profile than cyclosporine!¥, but with slightly mote
de novo diabetes and gastrointestinal symptoms!'®l. In
some studies, tacrolimus has been described to cause a
higher incidence of post-transplant lymphoproliferative
diseasel®'? but this has not been confirmed in other
2%, Hypertrophic cardiomyopathy

has been reported with prolonged use of tacrolimus at
[129]

authors’ experiences

unusually high levels

Calcineurin inhibitors are mainly absorbed from the
small intestine and are metabolized in the liver and small
intestine by the cytochrome P4503A enzyme system!"*’l.
The majotity of their metabolites are excreted in bile!"".
The most important interactions are with enzymes or
drugs that induce or inhibit the cytochrome P4053A,
which results in reduced or increased calcineurin
inhibitors levels.

Tacrolimus or cyclosporine usually represents the
primary drug of most immunosuppressive regimens.
Over the last 10 years, the use of tacrolimus has
increased, being nowadays preferred to cyclosporine!™.
Tacrolimus and cyclosporine have been compared in
large multicenter trials that showed similar 1-year patient
and graft survival, with a significantly reduced incidence
of acute rejection as well as steroid-resistant rejection in
children treated with tacrolimus. Moreover, tacrolimus is
superior to cyclosporine for the treatment of rejection
episodes that may resolve when patients are switched
from cyclospotine to tacrolimus therapy?”'*.

Time post-transplant (mo) Target level (mg/L)

Cyclosporine Tacrolimus
0-3 200-250 10-15
4-12 150-200 8-10
>12 50-100 5-8

Cyclosporine: The microemulsion form of
cyclosporine, Neoral, is the formulation mainly used,
which has replaced the original formulation Sandimmune
because of its greater and more consistent bioavailability.
Pharmacokinetics features of cyclosporine that are
to be considered in children are the following: (1)
cyclosporine bioavailability correlates with age, being
lower in younger patients; and (2) cyclosporine is
metabolized in children at a higher rate than adults, and
appeats to be inversely telated to age!*. The type of
biliary anastomosis (e.g. Roux-en-Y biliary anastomosis
for biliary atresia) and concomitant disease (e.g. cystic
fibrosis) may affect absorption and bioavailability™*>'3,
The recommended starting dose of Neoral is 5 mg/
kg twice daily, which should be administered orally
within the first 12 h of abdominal closure. Intravenous
cyclosporine can be administered at a dose of 2 mg/kg
per day in two divided doses by continuous infusion over
2-6 h in case of poor absorption or inadequate trough
concentrations. After the first administration, the dose is
adjusted in order to keep trough concentrations within
a recommended target range (Table 8). Trough levels
are poor predictors of rejection episodes or outcome
of graft recipients!'”, therefore, drug concentration in
blood drawn 2 h post-dose has been proposed recently
to be a superior estimate of the subsequent 12 h
cyclospotine exposurel*!%1,

Tacrolimus: The recommended tacrolimus starting
dose is 0.05-0.1 mg/kg, administered orally within the
first 12 h after abdominal closure. Subsequently, doses
are adjusted in order to maintain trough concentrations
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Author Immunosuppression No. of Survival (%) Acute Follow-up
patients Patient Graft  rejection (%) (mo)
McAlister et al™ TRL, SRL, STER! 32 92 3 8
McAlister et al™" TRL, SRL, STER! 56 93 91 14 23
Peltekian et al™™ TRL, SRL, STER! 42 93 90 10 14
Pridohl et al™! TRL, SRL, STER 22 91 78 14 14
Sindhi et al™" TRL, early SRL, STER 6 17 15
TRL, late SRL, ATG 9 33 3

ATG: Antithymoglobulin; SRL: Sirolimus; STER: Corticosteroids; TRL: Tacrolimus; 'Corticosteroids withdrawal 3 mo after trans-

plantation; “Rejection episodes observed before sirolimus was introduced in the immunosuppressive regimen.

within a recommended target range (Table 8). The
trough level is widely accepted for routine tacrolimus
drug level monitoring. Large inter- and intra-individual
differences in pharmacokinetics exist. The elimination
half-life of tacrolimus in children is 50% of that in
adults, and clearance is correspondingly two to four
times faster®*!l. Therefore, children require higher
doses to achieve similar tacrolimus concentrations.

Mycophenolate mofetil

The active metabolite of mycophenolate mofetil,
mycophenolic acid, is a selective inhibitor of the enzyme
inosine monophosphate dehydrogenase, which is
essential for the de novo pathway of purine synthesis!'*.
Inhibition of the de novo pathway results in the depletion
of guanosine nucleotides and arrested lymphocytes
replication because they are unable to use the alternative
pathway for nucleotide production!'*.,

Mycophenolate mofetil has been used successfully
as an alternative immunosuppressive agent in patients
with chronic rejection, refractory rejection, or severe
calcineurin inhibitor toxicity!"**'*l. Mycophenolate
mofetil has also been used in calcineurin-inhibitor and
corticosteroid-sparing immunosuppressive protocols,
without increasing the risk of rejection!**'*. The
suggested dose for pediatric liver transplant recipients
is 15 mg/kg twice daily!"*l. Pharmacokinetic studies
showed large inter-individual variations in mycophenolic
acid parameters!"*”*% which indicates the need for
therapeutic drug monitoring and individualized dosing;
The most relevant adverse effects of mycophenolate
mofetil are dose-dependent gastrointestinal symptoms

and bone marrow suppressionl!*!*!

. Acyclovir and
ganciclovir increase mycophenolic acid efficacy, whereas
cholestyramine, oral antibiotics, antacids, cyclosporine,
and high tacrolimus concentrations reduce its

concentration#¥150,

Sirolimus

Sirolimus (rapamycin) is a macrolide antibiotic with
potent immunosuppressive properties that acts by
blocking T-cell activation by way of IL-2R post-receptor
signal transduction!*”. Sirolimus has been used in
small, uncontrolled studies in liver transplant recipients
(Table 9) and reduces rate of acute rejection, when
used in combination with calcineurin inhibitors, even at
low doses, or facilitates eatly steroid withdrawal, while

maintaining low rates of acute rejection!" 7],

Sirolimus has also been used as rescue treatment in
chronic rejection and calcineutin inhibitor toxicity™ ">,
whereas attempts to use sirolimus as a single primary
immunosuppressive agent have resulted in a high rate of
acute rejection. Sirolimus has not yet been approved
by the US Food and Drug Administration for use in liver
transplantation. One trial to evaluate sirolimus in liver
transplant recipients was halted because of an increased
incidence of hepatic artery thrombosis. In contrast,
other studies have not confirmed this finding!">*'*"'%%]
and a possible benefit of sirolimus in the prevention of
coronary artery restenosis after percutaneous coronary
1631 Sirolimus has

shown antineoplastic activity, inhibiting angiogenesis

revascularization has been described!

in malignant tissue through reduction of vascular
endothelial growth factor secretion, which may provide
a specific indication for using of the drug in patients
transplanted for primary liver malignancy*.

Sirolimus drug interactions are similar to those of
calcineurin inhibitors. It has a long half-life (40-86 h) and
intra- and inter-individual variation"*>'®*), Therefore, daily
sirolimus monitoring is not necessary and monitoring
trough level twice weekly for the first month and
weekly for the next month is recommended, targeting
a 5-15 mg/L range. Sirolimus levels increase during
simultaneous administration of cyclosporine!*’. The
most relevant dose-related side effects of sirolimus are

hypetlipidemia, thrombocytopenia and leukopenial>*!*"l.

IL-2 receptor antibodies

T cells involved in acute rejection act by exposing
activation markers such as the IL-2 receptors. Therefore,
anti-IL-2 receptor therapy appears to be a promising
option for specific immunosuppression. I1L.-2 receptor
antibodies have been used primarily in children as
induction agents in double or triple immunosuppression
protocols. Preliminary experience in pediatric liver
recipients is encouraging: pooled data from the available
papers from the literature encompassed 79 patients
treated with daclizumab, 165 with basiliximab, and 209
no-induction controls; incidence of acute rejection was
lower in the induction groups!"'*'**'¢71"2I (Table 10).

A multicenter trial studied basiliximab pharmacokinetics
and pharmacodynamics in children. It demonstrated that
to achieve efficacious results, pediatric patients less than
35 kg in weight should receive two intravenous 10-mg

www.wjgnet.com



Spada M et a/. Liver tansplantation

665

Author Immunosuppression No. of Survival (%) Acute Follow-up
patients Patient Graft  rejection (%) (mo)

Asensio et al™”! TRL, STER 21 80 80 63 12
TRL, STER, BAS 34 80 80 30

Strassburg et al"* TRL, STER 12 42 28
CSA, STER, AZA 9 66
CSA, STER 12 42
CSA, STER, BAS 21 33

Heffron et al™ TRL, MMF, STER 20 85 88 50 24
TRL,> MMF, DAC, STER 61 %3 73 15

Reding et al™” TRL, STER 20 50 12
TRL, BAS, MMF' 20 25

Ganschow et al"**™! CSA, STER 54 94 54 28-52
CSA, STER, BAS 54 98 17

Schuller et al” TRL, MMF, STER 12 66 14
TRL, MMF, DAC, STER 18 0 6

Spada et al™ TRL, STER 36 91 86 32 24
TRL, BAS 36 87 80 12

CSA: Cyclosporine; DAC: Daclizumab. 'Mycophenolate mofetil was given in the first 9 patients. “Tacrolimus was given starting

from postoperative day 7.

doses, and those weighing = 35 kg should receive two
20-mg doses of basiliximab. The first dose should be
given within 6 h after organ reperfusion, and the second
on day 4 after transplantation. A supplemental dose
may be considered for patients with a large volume
of drained ascitic fluid relative to body sizel'”. For
daclizumab, various different dosing regimens have been
used™®™. A dual regimen of 1 mg/kg on days 0 and 4
provides receptor saturation for up to 21 d.

POST-TRANSPLANT LYMPHOPROLIFER-
ATIVE DISORDERS (PTLDS)

PTLDs are a heterogeneous group of diseases, rang-
ing from benign lymphatic hyperplasia to lymphomas.
PTLD is the most frequent tumor in children follow-
ing transplantation, and occurs in the majority of the
cases within the first 2 years after transplantationmsl.
Late forms have usually an aggressive clinical course
and severe prognosis. The development of PTLD in
pediatric liver transplant recipients is favored by the in-
tensity of the immunosuppression, its lifetime duration,
and the absence of prior exposure to EBV infection in
60%-80% of patients. Risk factors for PTLD develop-
ment are: (1) high total immunosuppression load; (2)
EBV-naive recipients; and (3) the intensity of active viral
load"™'"™. No single immunosuppressive agent has been
directly related to PTLD. An important pathogenic fea-
ture favoring PTLD development is EBV infection.
Treatment of PTLD is based on the immunologi-
cal cell typing and clinical presentation. Documented
PTLD requires an immediate decrease or withdrawal of
immunosuppression, taking into account the increased
risk of organ rejection”™"". If a tumor expresses the
B-cell marker CD20, the anti-CD20 monoclonal an-
tibody rituximab has been successfully used. In some
studies, the combination of cyclophosphamide, predni-

sone and rituximab has shown a response rate of 100%,

. .. . . 178179
with minimal toxicity' ]
sive monoclonal malignancies have poor prognosis even

. Patients who have aggres-

with immunosuppressive reduction, acyclovir, surgery,
and conventional chemotherapy or radiation therapy.
Recently, autologous EBV-specific cytotoxic T-lympho-
cytes have proved effective in enhancing EBV-specific
immune responses and reducing viral load in organ
transplant recipients with active infection, and have been
successfully used as first-line treatment of EBV-related
PTLD"™".

LATE LIVER ALLOGRAFT DYSFUNCTION

There are several potential causes of late liver allograft
dysfunction and differential diagnosis can be difficult be-
cause of overlapping clinical, serological and histopatho-
logical features. Recurrence of the native liver diseases
after transplantation is a less significant problem in the
pediatric population in comparison to adults. Recurrent
infections and immune-based diseases are the most dif-
ficult diagnostic challenges. Most late causes of liver
allograft dysfunction are detected because of abnormali-
ties in routinely monitored liver tests; clinical signs and
symptoms are much less common. When signs or symp-
toms do occut, liver biopsy is indicated. Common causes
of late dysfunction in the pediatric population are shown

in Table 11.

Late-onset acute rejection

Late-onset acute rejection may show slightly different
features than typical acute rejection episodes seen catly
after transplantation, and is commonly characterized by:
(1) predominantly mononuclear portal inflammation; (2)
venous subendothelial inflammation of portal or central
veins or perivenular inflammation; and (3) bile duct in-
flammation and damage. Late-onset acute rejection can

www.wjgnet.com



666 ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

February 14, 2009  Volume 15 Number 6

Table 11 Common causes of late dysfunction in the pediatric population

Incidence at 5 yr (%)

Risk factors

Acute rejection Variable (< 30)

Inadequate immunosuppression
Treatment with immune activating drugs (e.g. interferon)

History of autoimmune liver disease

Chronic rejection -3

Inadequate immunosuppression

Treatment with immune-activating drugs (e.g. interferon)
Refractory acute rejection
Chronic rejection in a previous failed allograft

Recurrent AIH -30

Suboptimal immunosuppression

AIH type I
Severe inflammation in native liver
HLA DR3 or DR4

De novo AIH <5
Recurrent PBC 20-30

Tacrolimus as baseline immunosuppression

Living-related donor

Steroid and other immunosuppression withdrawal

Recurrent PSC 20-30

Male sex; donor-recipient gender mismatch

Intact colon at time of transplantation

Idiopathic post-transplant hepatitis 5-60

ATH: Autoimmune hepatitis; PBC: Primary biliary cirrhosis; PSC: Primary sclerosing cholangitis.

Figure 15 Histological findings in chronic rejection: Little portal inflam-
mation in conjunction with bile duct loss affecting > 50% of the portal
tracts and moderate or severe perivenular fibrosis.

. . .. [181-183
also manifest as so-called central perivenulitis "*"*), or

. .o [184,185 :
may resemble chronic hepatitis'**'™, Mild cases may re-
183
solve spontaneously™™, but more severe forms warrant
more aggressive treatment.

Chronic rejection

Chronic rejection develops in 5%-10% of transplanted
patients. The primary clinical manifestation is progres-
sive cholestasis. This course can occur within weeks

from transplantation or later, and can be asymptomatic
or follow persistent and/or unresponsive acute rejec-
tion and/or inadequate immunosuppression. Two clini-
cal forms have been described"*. In the first, named
vanishing bile duct syndrome, the biliary epithelium is
primarily injured with changes ranging from senescence
(early stage) to severe ductopenia in at least 50% of the
portal tracts (late stage)[187]. This form can be success-
fully treated by conversion from cyclosporine to tacroli-
mus immunosuppression protocols. Re-transplantation
is necessary in non-responding children. The second
subtype is characterized by the development of progres-
sive ischemic injury to bile ducts and hepatocytes, which
causes ductopenia and ischemic necrosis with fibrosis
(Figure 15). In this setting, the diagnosis is rarely based
on histology alone, because arteries with pathognomonic
changes are rarely present in needle biopsy specimens.
Bile duct injury and ductopenia, however, can be caused
by biliary strictures, hepatic artery pathology, adverse
drug reactions, and CMV. Selective hepatic angiography
showing pruning of the intrahepatic arteries with poor
peripheral filling and segmental narrowing supports a
diagnosis of chronic rejcction[lss’lsg]. This form nearly
always requires retransplantation.

Recurrent and new-onset or de novo autoimmune hepa-
titis

Theoretically all forms of autoimmune hepatitis after
transplantation can be classified as rejection[wo’m]. No
conventional clinical tests differentiate an autoimmune
response from rejection. The diagnosis of autoimmune
hepatitis is established by a combination of serologi-
cal, molecular biological and histopathological findings.
Non-organ-specific autoantibodies are a requisite for
the diagnosis, and they typically include smooth muscle
antibodies (SMAs), antinuclear antibodies (ANAs), and
antibodies to liver kidney microsome (anti-LKM)!",
Minimal diagnostic criteria for recurrent or de novo au-
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Figure 16 Histological appearance of recurrent or new-onset autoimmune
hepatitis characterized by moderate portal inflammation, prominent inter-
face activity, relative sparing of the bile ducts, and perivenular accumula-
tion of inflammation.

toimmune hepatitis in an allograft are: (1) interface
hepatitis with portal lymphocytic infiltrates (Figure 16);
(2) presence of ANA, SMA or anti-LKM; (3) hypergam-
maglobulinemia; and (4) exclusion of virus-induced or
drug-related hepatitis and late acute or chronic rejection.
Most adult recipients respond to an increase in immuno-
suppression, whereas pediatric recipients often require
the use of second-line immunosuppressive drugs (aza-
thioprine, mycophenolate mofetil). A cautious approach
to withdrawal of immunosuppression is warranted in all
patients transplanted for autoimmune hepatitis, and the
consequences of recurrent disease within the graft will
require prolonged follow-up. A recent study, evaluating
protocol liver biopsies performed in asymptomatic chil-
dren 1, 5 and 10 years after transplantation, documented
that chronic hepatitis is a common finding in children
after liver transplantation, and is associated with a high
risk of developing progressive fibrosis, which leads to
cirrhosis, and with the presence of autoantibodies'”?.

Idiopathic post-transplant hepatitis

Chronic hepatitis that cannot be ascribed to a particular
cause is defined as idiopathic post-transplant hepatitis.
Cases presenting with central perivenulitis probably
represent centrilobular-based acute rejection or autoim-
mune hepatitis, if autoantibodies are also prcsent“gs], be-
cause allograft dysfunction usually responds to increased
immunosuppression ", Some cases may represent a
form of rejection with features of chronic hepatitis"”.
A diagnosis of idiopathic post-transplant hepatitis does
not usually require treatment with increased immuno-
suppression. However, as some cases do show progres-
sive fibrosis, the management of those with moderate to
marked activity needs to be clarified.

Primary sclerosing cholangitis

Recurrent primary sclerosing cholangitis is nearly identi-
cal to that seen in native livers"*"”". Most patients with
suspected recurrent disease are asymptomatic after trans-
plantation. An accurate diagnosis of primary sclerosing
cholangitis recurrence requires well-defined cholangio-
graphic and histological criteria. Other disorders that can

Table 12 UNOS pediatric liver Kaplan-Meier patient and

graft survival rates for transplants performed between 1997
and 2004

Recipient age (yr) Patient survival (yr) Graft survival (yr)

1 3 5 1 3 5
<1 89 82 78 81 70 63
1-5 86 80 77 78 71 67
6-10 91 86 86 84 76 75
11-17 93 87 81 87 77 67

One-year survival based on 2002-2004 transplants, 3-year survival based
on 1999-2002 transplants, 5-year survival based on 1997-2000 transplants.

produce biliary strictures after transplantation should
be excluded. Graft with primary sclerosing cholangitis
recurrence shows biliary strictures, acute and chronic
pericholangitis, and centrilobular hepatocanalicular cho-
lestasis periductal fibrosis'™,

OUTCOME FOLLOWING TRANSPLANTATION

The overall results following liver transplantation are
rewarding. The European Liver Transplantation Registry
(ELTR) reports liver transplantation activity in Europe,
and represents 5895 children transplanted between 1988
and 2005. Overall 1-year patient and graft survival was
84% and 73%, respectively, in patients older than 2 years
at the time of transplantation, and 81% and 71%, re-
spectively, in children < 2 years of age. Ten-year patient
and graft survival rates for the same age groups were
75% and 61%, and 74% and 60%, respectively. Similarly,
UNOS reported survival rates of the 9064 pediatric pa-
tients transplanted between 1997 and 2004. One-, 3- and
5-year patient and graft survival rates stratified according
to recipient age at the time of transplant are reported in
Table 12. Overall 1-year patient and allograft survival re-
ported to the Studies of Pediatric Liver Transplantation
(SPLIT) registry, representing 1611 patients, reached
88% and 82%, respectively, while these were 83% and
74%, respectively, 4 years after transplantation. Specific
factors influencing early survival include age, diagnosis,
severity of illness, and possibly allograft type[m].

Age

Survival for infants < 1 year of age or weighing < 10 kg
has been reported to be between 65% and 80% overall,
an improvement over the previously reported rates of
50%-60%""". Experienced programs have described
even better patient survival rates at 3 mo™". Improved
survival in these recipients results from technical innova-
tions, better graft preparation and avoidance of life- and
graft-threatening complications such as hepatic artery
thrombosis and primary non-function.

Diagnosis

Survival after transplantation is similar in patients who
have cholestatic and metabolic liver disease. Early sur-
vival rates are worse for patients who have acute liver
failure™** and liver tumors""", but their long-term sur-
vival rates are similar to those of other recipients. Asso-
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ciated multiorgan failure and a limited organ-acquisition
time frame influence this result. Similar decreased sur-
vival trends are seen in patients who have a PELD score
> 20, in status 1 recipients, and in patients whose PELD
scores deteriorate significantly before transplantationpm].

Graft type

Donor factors influencing patient and graft survival in-
clude a donor age < 6 mo or > 50 years, even if some
studies have demonstrated that elderly donors can be
used safely™. The impact on the outcome of graft type
(whole, reduced, split, or living-donor) is less clear. In
the SPLIT registry, recipients of whole organs had bet-
ter patient and graft survival than recipients of reduced,
split, or living-donor allograftsmﬂ. The US Scientific Reg-
istry of Transplant Patients database review has reported
significantly lower risk of graft failure for patients aged
< 2 years who received living-donor grafts compared to
whole- and split-liver recipients. Older recipients showed
a higher risk of graft loss and mortality after living-
donor transplantation[zoa. These conflicting results may
have been influenced by the diverse experience accumu-
lated in the transplant centers. Reports of whole-organ,
living-donor, and split-liver outcomes from experienced
centers showed no difference in patient and graft surviv-
al, and in biliary and vascular complications[53’60’62‘207’208].
Successful transplantation of very small recipients with
monosegments has been reportedm(ﬂ. Overall, the best
results can be achieved at centers that have extensive ex-
perience with all age groups and allograft types, allowing
transplantation according to the needs of the recipient.
The most important prognostic factor is the severity
of the patient’s illness at the time of transplantationmo]
The good survival rates obtained in patients receiving
living-donor transplantation are positively influenced
by the possibility to schedule transplantation before the
development of life-threatening complications or severe
malnutrition”". Children with acute liver failure, PELD
> 20, and severe growth retardation have significantly
lower overall survival than other groups. Previous major
surgery influences the incidence of complications, es-
pecially bowel perforation, but do not negatively impact
overall patient or graft survival. Long-term survival is
mainly influenced by the consequences of prolonged
immunosuppression such as infection, PTLD, renal in-
sufficiency, hypertension, diabetes mellitus, and coronary
artery disease’” ',
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Abstract

The aim of this study was to illustrate the role of non-
invasive imaging tools such as ultrasonography, multi-
detector row computed tomography, and magnetic
resonance imaging in the evaluation of pediatric and
adult liver recipients and potential liver donors, and in
the detection of potential complications arising from
liver transplantation.

© 2009 The WG Press and Baishideng. All rights reserved.

Key words: Complications; Liver donor; Liver
transplantation; Magnetic resonance; Multi detector
computed tomography

Peer reviewers: James F Trotter, MD, Associate Professor,
University of Colorado, Division of Gastroenterology, 4200 E.
9th Avenue, b-154, Denver, CO 80262, United States; Chao-
Long Chen, Professor, Department of Surgery, Chang Gung
Memorial Hospital, Kaohsiung Medical Center, 123, Tapei Rd,
Niao Sung Hsiang, Kaohsiung Hsien 83305, Taiwan, China

Caruso S, Miraglia R, Maruzzelli L, Gruttadauria S, Luca
A, Gridelli B. Imaging in liver transplantation. World J
Gastroenterol 2009; 15(6): 675-683 Available from: URL:
http://www.wjgnet.com/1007-9327/15/675.asp DOI: http://
dx.doi.org/10.3748/wjg.15.675

INTRODUCTION

In liver transplantation (LT) candidates, the goal of
imaging is to evaluate the intra- and extra-hepatic
anatomy, identify conditions that can complicate LT, and
stage the neoplastic disease.

Preoperative assessment of potential living liver
donors requires the evaluation of liver parenchyma
to identify steatosis or lesions; the accurate evaluation
of intra and extrahepatic biliary and vascular anatomy
to identify congenital variants and, overall, to detect
the dominant arterial branch to segment 4 to prevent
accidental removal at surgery; and an accurate
estimation of the volume of both liver lobes to exclude
complications related to graft volume [small-for-size
grafts or large-for-size grafts, characterized by a graft-to-
recipient weight ratio (GRWR) less than 1%, and more
than 3%, respectively].

In the post-transplant period, the goal of imaging
1s to identify vascular and biliary complications. The
long-term follow-up also allows clinicians to identify
recurrence of the primary disease and/or detect disease
related to long-term immunosuppression.

In the pediatric recipient a wide spectrum of diffuse
and focal diseases are indications for LT. Biliary atresia
represents at least 50% of all pediatric transplantation,
while the most common hepatic malignancy leading to
LT is hepatoblastoma“ﬂ. Other indications for LT in
pediatric patients are Alagille syndrome, cystic fibrosis,
tyrosinemia type 1 (associated with a high risk of
hepatocellular carcinoma (HCC) development), Wilson’s
disease, Langerhans’ cell histiocytosis, HCC, infantile
hepatic hemangioendothelioma type I (IHE), and
hemangiomatosis[&m].

In the adult recipient the most common indication
for LT is still hepatitis-related liver cirrhosis with or
without HCC. HCC is the fifth most common neoplasm
in the world, and the third most common cause of
cancer-related death. In adults it typically occurs within
the cirrhotic liver. Non-alcoholic post-hepatitic cirrhosis
is the most common association, but any condition that
causes cirrhosis may potentially lead to HCC, including
conditions such as inborn errors of metabolism.
Exposure to chemical carcinogens can also cause the
development of HCC. LT based on the Milan criteria is
considered the optimal treatment for HCC, especially in
patients with underlying chronic liver disease, because it
offers a potential cure for both HCC and the underlying
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liver disease. The prognosis of cirrhotic patients
depends on the occurrence and progression of HCC.
o-feto protein (AFP) alone shows low predictivity and
sensitivity for the screening of HCC, and so imaging
plays a key role in the surveillance of the cirrhotic
patientmm.

Other focal diseases that require LT in adult
patients are metastasis of neuroendocrine tumors,
adenomatosis, giant angiomas, hepatic epitheloid
hemangioendothelioma, and cholangiocarcinoma in
selected cases, while the most common diffuse liver
diseases in adults that require LT are primary biliary
cirrhosis, primary sclerosing cholangitis, polycystic liver
disease, Caroli’s disease and Budd-Chiari Syndrome!™.
Fulminant hepatic failure can occur in both pediatric and
adult patients[IG].

RADIOLOGICAL ASSESSMENT OF LIVER
TRANSPLANT RECIPIENTS
Ultrasonography (US)

US is usually the first imaging modality in the evaluation
of a transplant candidate, independent of the disease,
because it is easy to perform, widely available, relatively
inexpensive, and is cost effective. US can detect
morphological changes in the liver, hepatic focal lesions
(cystic or solid) or abdominal masses, and signs of portal
hypertension such as hypersplenism, perihepatic or
perisplenic varices, and ascites.

US plays a specific role in the diagnosis of biliary
atresia and in the screening of HCC in cirrhotic
patientsmzo].

In biliary atresia, US may show the absence, or
reduction in size, of the gallbladder and the presence of
a triangular cord (T'C) sign (thickness of 4 mm or more
of the anterior wall of the right portal vein, seen near
the portal bifurcation). The identification of a TC sign
results in a sensitivity of 80%, a specificity of 98%, a
positive predictive value of 94%, a negative predictive
value of 94%, and an accuracy of 94% for diagnosing
biliary atresia'!

US is the most common examination for the
screening of HCC in cirrhotic patients, usually
performed at either 3-, 6- or 12-mo intervals, although
the sensitivity and specificity reported in the literature
show a wide heterogeneity, ranging from 58% to 89%,
and from 75% to 94%, respectively“&zoj.

On gray-scale US, HCC is predominantly hypoechoic
and sometimes isoechoic, with a thin hypoechoic halo
corresponding to the tumor capsule. In diffuse HCC,
there is subtle disruption of the normal echo pattern,
with anechoic areas due to necrosis. Color Doppler and
power Doppler modes permit a real-time evaluation of
the hemodynamics in liver tumors. There are, however,
many limitations that can affect the assessment of tumor
hemodynamics”’

For the diagnosis of HCC, contrast-enhanced US
(CEUS) is recommended by the European Association
for the Study of the Liver (EASL) as the modality for

evaluation of the vascularity of hepatic nodules in
cirrhotic patients. Two dynamic imaging studies that
show arterial hypervascularity and washout in the portal
venous phase for diagnosis of HCC ranging from 1 cm
to 2 cm in diameter are required. For a mass greater than
2 cm, the coincident findings of characteristic arterial
vascularization that is seen on at least two imaging
techniques, or hypervascularity in one imaging technique
associated with washout in the portal venous and/or
delayed phase, may be used to confidently establish the
diagnosis without biopsy™*’.

However, there is currently no indication for the use
of microbubble contrast agents to increase the detection
rate of HCC in patients undergoing US surveillance. In
fact, with CEUS one can only observe the perfusion in
selected lesions identified with other imaging modalities,
and not in the whole liver™ ",

US also shows a high sensitivity and specificity for
excluding portal vein thrombosis (PVT). In patients with
hypervascular tumors such as HCC, it is important to
establish the nature of the thrombus because tumoral
vascular invasion worsens prognosis and may result
in exclusion from the LT program. The presence of
pulsatile arterial signals inside the thrombus at color
Doppler ultrasound (CDUS) is reported to be a highly
sensitive and specific sign of malignant PVT*". CEUS,
using sulfur hexafluoride microbubbles (SonoVue,
Bracco SpA), seems to increase sensitivity (88%) and
accuracy (92.5%) when distinguishing between benign
and malignant PVT™,

Multi-detector row computed tomography (MDCT)

In liver recipients, MDCT provides important
information about liver morphology (normal or
cirrhotic), intrahepatic and extrahepatic malignancy,
venous benign and/or malignant thrombosis, patency
of main portal vein, portosystemic collateral due
to portal hypertension (spleno-renal spontaneous
shunt, gastroesophageal and/or paracaval varices, and
paraumbilical and caput medusae), celiac stenosis, splenic
artery aneurysm, congenital arterial variants, patency,
and anomalies of the inferior vena cava'®. These
findings may influence the decision to transplant, or the
surgical planning of arterial and venous reconstruction.
In addition, combined arterial, portal venous, and
delayed-phase imaging improves the sensitivity of
MDCT in detecting hypervascular neoplasms such as
HCC or neuroendocrine metastases, and can also detect
other tumors that enhance in a delayed phase, such as
cholangi-ocarcinoma®" .

In pediatric candidates, the studies are usually
performed with and without isosmolar or lower osmolar
contrast media intravenous (c.m.i.v.) injection (Iodixanol
320 mgl/mL, Optitay 320, respectively) at a dose of
1.5 mIL/kg, and at a rate that depends on the age of
the patient (0.5-4 ml./s). When needed, the patient is
anesthetized with intravenous propofol (0.5-1 mg/kg),
without intubation. Images of the liver are acquired
in the cranium-caudal direction, with slice thickness
1.25 mm or 0.625 mm, collimation 2.5 mm and table
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speed 7.5 mm per gantry rotation. Usually only three
phases are acquired: unenhanced phase, arterial phase,
and portal venous phase. Postprocessing of the dataset
offers a variety of advanced three-dimensional models
of the hepatic artery and vein using multi-planar
reconstruction (MPR), maximum intensity projection
(MIP), and volume rendering (VR) reconstructions. The
volume of the liver is usually calculated, using dedicated
software, in pediatric recipients as a guide in the donoz-
to-dimensional matching[34’35].

In adult candidates, MDCT studies are usually
performed with and without iodinated c.m.i.v. with a
dose ranging from 1.5 mL/kg to 1.8 mL/kg of body
weight, at a rate of 4-5 mL/s. Images of the liver are
acquired in the cranium-caudal direction, during a single
breath-hold acquisition, with slice thickness 1.25 mm
or 0.625 mm, collimation 2.5 mm and table speed
7.5 mm per gantry rotation. A triple or quadruple-phase
protocol is used: unenhanced phase, arterial phase,
and portal venous phase, without and with late phase,
respectively. Before the study, patients receive 500 mL
of water as an oral contrast agent. Bolus tracking or test
bolus technique (10 mL of contrast material at 5 mL/s)
is used to calculate the correct time of the arterial phase.
The portal venous phase and late phase acquisitions
are generally obtained after 60 s and 180 s from the
beginning of contrast injection, respectively. MIP and
MPR reconstructions are usually made™ 7,

Magnetic resonance imaging (MRI)
MRI is a non-invasive and sensitive technique that is
devoid of ionizing radiation. For this reason, MRI is
the preferred modality in the assessment of pediatric
recipients. MRI examinations are usually performed
using a head coil for small infants, or body coils for
larger children. All images are acquired in the axial
plane in breath-hold, or with suspended respiration
if under general anesthesia. If necessary, contrast
medium is injected. Using Gadobenato dimeglumina
0.1 mL/kg (Bracco, SpA) it is possible to obtain
information about perfusion of the liver, changes in
the parenchyma and the vasculature related to cirrhosis
and portal hypertension (PVT, varices, ascites), and to
detect vascular congenital anomalies. In addition, the
multiphasic contrast enhancement study can detect
malignancy in the liver, and locoregional involvement.
Mangafodipir trisodium (MnDPDP, Teslascan, GE)
is a contrast agent composed of a water-soluble chelate
complex salt that is between a paramagnetic manganese
(Mn”" ) ion and the ligand dipyridoxyl diphosphate,
a vitamin B6 analogue; 50%-60% of the contrast
administered is excreted through the gastrointestinal
tract. For this reason, Teslascan has recently been used
for the eatly diagnosis of biliary atresia, based on the
absence of the bowel excretion of contrast material™”.
In adult recipients, especially in cirrhotic patients,
MRI plays a role in detecting and differentiating HCC
from other regenerative or dysplastic nodules, because
it is more sensitive than multiphasic contrast-enhanced
MDCT. However, it is still unclear whether MRI is more

sensitive than MDCT in detecting Hcc

MR cholangio-pancreatography (MRCP) using single
shot fast spin echo (SSFSE) single and multisection,
parallel and radial acquisition can well depict disease (such
as sclerosing cholangitis, Caroli’s disease) of the biliary
tree in adults, while in pediatric recipients, it is limited
by the small caliber of the duct, thus rarely visible in
neonates. In biliary atresia, it can help to demonstrate
the absence of the gallbladder.

RADIOLOGICAL ASSESSMENT OF
POTENTIAL LIVER DONORS
us

US is usually the first imaging modality for the evaluation
of potential donors because it can identify hepatic
lesions, obtain important information on the anatomy
of the great vessels, such as hepatic veins and portal
system, and evaluate the presence of steatosis. Due to a
lack of accepted methods for quantification of steatosis
on imaging, in many hospitals a biopsy is incorporated
in the work-up, while in other centers, a biopsy is
performed only in cases of suspicion based on clinical
or imaging grounds®".

MDCT

MDCT is the most important tool in the assessment of
potential donors. MDCT can precisely depict congenital
variants, if present, that can influence the surgical
technique, identify focal lesions (hemangiomas, focal
nodular hyperplasia, adenomas) or diffuse liver diseases
(steatosis, hemocromatosis), and calculate the volume of
the two liver lobes.

Congenital arterial variants are frequent, and are found
in approximately 45% of donors. The identification
of the dominant arterial branch to segment 4 is very
important because its integrity is indispensable for the
regeneration of the residual left hemiliver. This artery
usually arises from the left hepatic artery (LHA), while in
25% of cases it atises from the right hepatic artery (RHA)
ot from both the LHA and RHA (Figure 1).

Anatomical variants of the portal system occur in
20% of the donor population; although the anomalies
are not a contraindication to surgery, they must be
known because they may require multiple portal
anastomoses during the implantation of the right lobe
into the recipient (Figure 2).

Identifying the hepatic venous anatomy is a
fundamental step because it determines the hepatectomy
plane that runs 1 cm to the right of the middle hepatic
vein (MHYV). Both accessory hepatic veins of the right
inferior lobe (68% of the donor population), and large
branching veins (> 5 mm) draining into the MHV from
the right lobe require separate anastomosis to prevent
venous congestion in the graftm“] (Figure 3).

Accurate volume of both liver lobes needs to be
estimated to ensure that the hepatic mass is adequate for
both liver donor and recipient.

MDCT scan studies are performed with and without
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Figure 1 MDCT. VR reconstruction images. A: 35-year-old male, potential living liver donor. Normal anatomy of hepatic artery. CHA: Common hepatic artery; GDA:
Gastroduodenal artery; PHA: Proper hepatic artery; LHA: Left hepatic artery; RHA: Right hepatic artery; S4: Artery to segment 4; B: 29-year-old female, potential living
liver donor. Early bifurcation of hepatic artery. Two large arterial branches to segment 4 arising from LHA and RHA; C: 25-year-old male, potential living liver donor.
LHA arising from left gastric artery. The artery to segment 4 arising from the gastroduodenal artery.

Figure 2 Thirty-two-year-old male, potential living liver donor. VR
reconstruction shows a right anterior branch arising from left portal
branch. SMV: Superior mesenteric vein; SplV: Splenic vein; LPV: Left portal
vein; RAPD: Right anterior portal vein; RPPV: Right posterior portal vein.

iodinated c.m.i.v. at a dose ranging from 1.5 mL/kg to
1.8 mL/kg of body weight, and at a rate of 4-5 mL/s.
Images of the liver are acquired in the cranium-caudal
direction, during a single breath-hold acquisition, with
slice thickness 1.25 mm or 0.625 mm, collimation 2.5 mm
and table speed 7.5 mm per gantry rotation. Before the
study, patients receive 500 mL of water as an oral contrast
agent. Usually, a triple-phase protocol is used: unenhanced
phase, arterial phase, and portal venous phase. Bolus
tracking or test bolus technique (10 mL of contrast material
at 4/5 mL per second) is used to calculate the correct time
of the arterial phase. The peak enhancement plus 2 s is
deemed as the start of the arterial acquisition to depict
the arterial system. The portal venous phase is generally
taken 70 s after the contrast agent has been injected to
determine the exact delineation of the portal and hepatic
veins. MIP and VR image reconstruction of the artery
and portal venous system are usually created in the post-
processing stage. The portal-venous acquisition is used for
the volumetric evaluation, using dedicated software, in the
postprocessing of the right and left lobe® ™,

Some authors have proposed an all-in-one protocol
to depict the biliary system, using a biliary contrast agent
(Biliscopin; Schering, Berlin, Germany). However, a high

Figure 3 Forty-one-year-old male, potential living liver donor. VR
reconstruction shows normal anatomy of hepatic veins. The right lobe and right
hepatic vein are blue, the left lobe and the MHV and left hepatic veins are red. A cut-
plane runs 1 cm to the right of the MHV.

incidence of adverse reactions to the biliary contrast
agent, ranging from mild and self-resolving to severe
systemic adverse reactions (shock-syndrome and death),
has been observed”.

Magnetic resonance cholangio-pancreatography (MRCP)
MRCEP is currently considered the primary imaging tool
for biliary anatomy evaluation in potential living liver
donors. In fact, it is performed with new generation
units equipped with high performance gradient and
phased-array coils, allowing for high quality heavily T2-
weighted images with increased spatial resolution in a
few seconds or with respiratory triggering, eliminating
most motion-related artifacts.

Only 57% of donors have a conventional biliary
anatomy (Figure 4). Although the congenital variants of
biliary anatomy do not represent a contraindication to
liver donation, they must be identified before surgery
to prevent ligation of major branches of the right lobe
in the recipient and/or of the liver lobe in the donot.
Multiple biliary anastomoses during the implantation of
the right lobe into the recipient can be required to avoid
atrophy due to biliary obstruction.

Improvements in hepatocyte-specific contrast
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Figure 4 Normal anatomy of biliary drainage: Right posterior duct (RPD)
and right anterior duct (RAD) drain, respectively, S6-S7 and $8-S5; right
hepatic duct (RHD) is formed by confluence of RPD and RAD. Left hepatic
duct (LHD) drains S2-S3. S1-S4 can be drained by LHD or by RHD. The
common hepatic duct (CHD) arises from the confluence of RHD and LHD.

Figure 5 MRCP. VR reconstruction images. A: Twenty-two-year-old male,
potential living liver donor. VR image using MRCP acquisition shows congenital
anomalies of biliary drainage: RPD (1) draining in LHD (2), accessory LHD (3)
and accessory RPD (4) draining in MHD (5); B: 24-year-old female, potential
living liver donor. VR image after Teslascan injection shows congenital
anomalies of biliary drainage: RPD draining in LHD. The finding is confirmed
with intraoperative cholangiogram.

agents with biliary excretion (mangafodipir trisodium
and gadobenate dimeglumine) seem to have increased
the accuracy of MRI in depicting the biliary system**?
(Figure 5).

Some studies propose MRI as a single imaging
modality for the preoperative assessment of potential
donors to depict the arterial, portal and venous anatomy
using MR-angiography with 3D sequence after the
administration of extracellular c.m.i.v. However,
MR-angiography can rarely depict the artery supplying
segment 4R

RADIOLOGICAL ASSESSMENT OF POST-
TRANSPLANT COMPLICATIONS

us
US and CDUS are the most important tools in the follow-
up of LT patients because they show high sensitivity and
specificity in detecting vascular complications.

During transplantation, CDUS is usually performed
to detect the intraparenchymal flows (arterial, portal
and venous), and to evaluate the velocity of flow and

.

PS 202.79 cm/s
ED 119.90 cm/s
0.56
0.41

Figure 6 Fifteen-year-old male underwent orthotopic LT (OLT) for biliary
atresia. A: Ten days after OLT, CDUS shows a pathologic resistance index (<
0.5) and pathologic acceleration time (> 0.08), strongly suspicious for stenosis;
B: AngioMDCT confirms a stenosis of the hepatic artery after the anastomosis
(arrow).

waveform to detect very early complications such as
hyperacute hepatic artery or PVT™*,

After LT, CDUS is usually performed once a day
during the first week, and once a week in the following
2 mo, and is key in the suspicion or identification of
vascular or biliary complications.

Hepatic artery thrombosis (HAT) occurs more
frequently in pediatric recipients (9%-42%) than in adult
recipients (4%-12%). It frequently leads to graft failure,
due to biliary wall necrosis with bilomas, biliary leakage,
and hepatic infarction.

CDUS is able to identify up to 92% of cases of
HAT, demonstrating the absence of flow in the common
hepatic artery and in the intrahepatic branches. In
younger subjects, in the event of complete hepatic artery
thrombosis, intrahepatic flow can be sustained by small
collateral neoformed vessels from the superior mesentetic
artery. In these cases, the flow has a fardus parvus
waveform. In adults, the formation of collateral vessels
is almost never sufficient to prevent ischemic biliary
complications. Ultrasound findings can be false positive
if the hepatic artery is small or stenotic, if the flow is
very slow, or if there is coexistent systemic hypotension.
If US does not show an arterial flow, administration of
contrast media (microbubble) can help to improve the
flow visualization in the HA, differentiating between
thrombosis and a patent artery in patients without HA
flow on conventional Doppler US**™,

Hepatic artery stenosis is reported in 5%-10% of
transplant recipients and can be anastomotic (in 70%
of cases), perianastomotic or intrahepatic. It is most
frequently caused by an error in surgical technique or by
arterial damage during explantation. Near the stenosis,
the Doppler ultrasound shows a focal velocity greater
than 2 mL/s, and tutbulence; more distally, it detects a
tardus parvus arterial waveform with a resistance index
lower than 0.5 and a systolic acceleration time (between
the end of the diastole and the first systolic peak) greater
than 0.08 s"* (Figures 6 and 7).

Post-transplant PVT is extremely rare in adults. In
children, particulatly with biliary atresia, post-transplant
PVT, although not usual, is not rare. The undetlying
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Figure 7 Fifty-four-year-old male underwent living related liver transplant (LRLT) for HCC in HCV-related cirrhosis. A and B: 3 mo after LRLT, a lumen stripe
reconstruction (A) and VR reconstruction (B) show irregularities (arrow) of aortohepatic by-pass. Six months after LRLT, the patient was admitted to hospital with fever; C:
US shows a hypoechoic and inhomogeneous lesion in the right lobe (arrow); D: MR T2W images show a hyperintense lesion, confirming an abscess in the right lobe
(arrow). The left lobe appears inhomogeneously and diffusely hyperintense, showing a large abscess (head of arrow).
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Figure 8 Fifty-one-year-old male underwent OLT for HCC in HCV-related cirrhosis. A and B: Eight days after OLT, CDUS shows a high velocity gradient between
the subhepatic (A) and suprahepatic (B) segments of the inferior vena cava, with a velocity of 32 cm/s and 237 cm/s, respectively, strongly suspicious for stenosis; C:
MDCT with MPR image confirms stenosis of the suprahepatic segment of the inferior vena cava (arrow).

problems in small children are not only due to smaller
caliber vessels but also due to hypoplastic and sclerotic
vessels brought about by pre-transplant recurrent
cholangitisml. Color Doppler ultrasound shows the
absence of flow in the portal vein, and whether it is
anechogenic (recent thrombosis) or echogenic (old
thrombosis). If the thrombosis is recent, it can be treated
with local thrombolysis and mechanical thrombectomy.

Portal vein stenosis is more frequent in partial liver
transplants than in whole liver transplants. The suspicion
of stenosis arises if color Doppler shows a turbulent
flow with focal aliasing in the stenotic tract, and a
velocity gradient of > 4-fold"*,

Post-liver transplant stenosis of the inferior vena
cava is rare and generally secondary to technical issues.
CDUS shows an increased trans-anastomotic velocity
gradient (> 4 times) and the loss of the tracing’s normal
phasicity™*** (Figure 8).

In partial liver transplants, hepatic vein stenosis is
a frequent complication. CDUS of the hepatic veins
reveals a slow (< 10 cm/s) and monophasic flow™ %,

All the vascular complications described, when
suspected on US and CDUS, need confirmation with
contrast-enhanced MDCT, contrast-enhanced MR or
with angiography.

US shows low diagnostic accuracy in identifying
biliary complications, particulatly in eatly anastomotic
stenosis without a significant intrahepatic biliary duct
dilatation. US is, however, an accurate tool for evaluating
necrosis, bilomas, or abscess of the graft.

MDCT
MDCT angiography is the best option for confirming
the ultrasonographic suspicion of early and late vascular
complications (HAT, main portal vein or inferior vena
cava (IVC) stenosis or thrombosis)®". In addition, it
permits a good assessment of liver parenchyma and
other abdominal organs, and the evaluation of bilomas
(Figure 9), bleeding, abdominal or hepatic abscesses
(Figure 7), adrenal infarction, and intestinal perforation
or obstruction. MDCT can identify biliary duct
dilatation, even if the anastomosis is not easy to depict.
MDCT also plays a key role in detecting late
complications, such as recurrence of the primary disease,
post-transplant lymphoproliferative disease (PTLD),
Kaposi’s sarcoma or other malignancies related to long-
term immunosuppression.

MRI
MRCP after LT is the modality of choice for the
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Figure 9 Sixty-one-year-old male underwent OLT for primary biliary
cirrhosis, with bilio-enteric anastomosis. MRCP shows a severe anastomotic
stricture (arrow) and multiple intrahepatic biliary leakages (head of arrows).

diagnosis and management of biliary complications,
and shows a sensitivity ranging from 87.5% to 95.3%, a
positive predictive value ranging from 92.3% to 97.6%,
and an accuracy ranging from 90.4% to 95.29%"*, The
T2W images easily identify fluid collection (bilomas,
bile leakage, biliary duct dilatation) that appear strongly
hyperintense, while MRCP using SSFSE single and
multisection, parallel and radial acquisition can finely
depict filling defects, anastomotic or non-anastomotic
stenosis, or irregularities of the biliary duct.

Bile duct complications in the various series vary
from 7% to 50%. In partial liver transplants, biliary
complications are more frequent because the diameters
of the bile ducts to be anastomosed are smaller, and
multiple biliary anastomoses are often necessary. Most
of these complications occur within the first 3 mo, even
though biliary stenoses and gallstones can occur months
and years after transplantation.

Bile extravasation has an incidence ranging from 5%
to 19%, and may occur in the T-tube insertion site, in
the region of the anastomosis, or intrahepatically.

Intrahepatic bile leakage (biloma) entails the
suspicion of bile duct necrosis secondary to HAT. In
these cases, a new transplant is almost always necessary.
However, the percutaneous drainage of a biloma can
prevent sepsis and increase the likelihood of graft
survival. In partial liver transplants, bile can also leak
from a large bile duct damaged at the time of liver
“splitting,” or from the surface of the resection margin,
which exposes thousands of small bile ducts (Figure 9).

Stenoses can be classified as anastomotic or non-
anastomotic. Anastomotic stenoses are the result of
postoperative fibroses or of errors associated with
surgical technique (Figure 9). Non-anastomotic stenoses
can be intra- or extrahepatic, single or multiple, and
are often due to ischemic damage. In these cases, it is
necessary to assess the patency of the hepatic artery.
Rarely are they due to prolonged graft ischemia time,
chronic rejection or cytomegalovirus infections. In
transplants related to sclerosing cholangitis, intrahepatic
stenosis can indicate disease recurrence.

Rare causes of bile duct obstruction are the
dislocation/obstruction of the T-tube, biliary sludge,

gallstones or an excessive choledochus length after the
choledochocholedochostomy. The mucocele of the
residual cystic duct can cause bile duct stenosis resulting
from extrinsic compression.

Enhancement with mangafodipir trisodium improves
the performance of MRCP for the detection and
exclusion of biliary abnormalities after orthotopic | B

CONCLUSION

Imaging plays a primary role in LT. It is used in the
assessment of the recipient, the assessment of the
potential living liver donor, and the detection of ecarly
and late complications. US, MDCT and MRI have
different roles, depending on accuracy, in depicting the
different goal in each period of the orthotopic LT.
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Abstract

Interventional radiology has acquired a key role in
every liver transplantation (LT) program by treating the
majority of vascular and non-vascular post-transplant
complications, improving graft and patient survival and
avoiding, in the majority of cases, surgical revision
and/or re-transplantation. The aim of this paper is
to review indications, technical consideration, results
achievable and potential complications of interventional
radiology procedures after deceased donor LT and
living related adult LT.
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INTRODUCTION

Liver transplantation (LT) in patients with end-stage liver
diseases has become an accepted treatment. Advances
in the field of percutaneous, radiological, minimally
invasive techniques have increased the importance
of interventional radiology in the management of
patients after LT". In this article, we discuss the
possible applications of interventional radiology in the
management of adult recipients after deceased donor
LT or living related LT (LRLT), including diagnosis of
graft disease, treatment of vascular complications and
treatment of biliary complications. Techniques used,
results and possible complications of interventional
radiology procedures are described by reviewing our
expetience and other protocols present in literature.

DIAGNOSIS OF GRAFT DISEASE

Random liver biopsy is frequently requested after LT.
Any alteration of liver function tests, not explained by
diagnostic imaging, requires a liver biopsy to exclude
rejection and/or other pathologies. Liver biopsy can
be performed by a percutaneous approach (blind
or ultrasound guided) oz, in selected patients, with
a transjugular approach. In our practice, in patients
without ascites, percutaneous core liver biopsies are
performed with an 18-Ga needle under ultrasound
guide to avoid entering the bowel or other adjacent
organs, and to avoid the perforation of main intra-
hepatic vascular structures. If coagulation defects are
present (platelets < 50000 mm’ and/or prothrombin
activity < 50%) patients receive infusion of platelets
and/or fresh frozen plasma. No antibiotic prophylaxis
is performed before the procedure. Complications are
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infrequent, most of them being minor (pain, decrease in
hematocrit value not necessitating treatment). Possible
major complications of percutaneous liver biopsies are
bleeding, emobilia, arterio-portal fistula and infections,
and are reported in up to 3% of cases'”. Controlled
studies have shown that blind percutaneous biopsy
carries a higher risk for major complications compared
to ultrasound guided liver biopsym. Although it has been
reported by Little ez al” that the presence of perihepatic
ascites does not statistically affect the major or minor
complications rate of image-guided percutancous
hepatic biopsy, in our center, the transjugular approach
is preferred if perihepatic ascites are present. The
transjugular approach is considered mandatory if
a severe coagulopathy and/otr massive amounts of
perihepatic ascites are present. This technique reduces
the risk of hemorrhage, because a biopsy specimen
is acquired through the hepatic vein and any bleeding
from the puncture site remains in the vascular space. In
addition, if a clinical suspicion of portal hypertension
is present, hepatic vein pressure gradient (HVPG) can
be measured during the same procedure. The right
internal jugular vein approach is usually preferred, but
in selected cases, if the right jugular vein is not usable
(thrombosis or difficult catheterization), the left internal
jugular vein can be used”. In our experience, there are
no major complications related to transjugular liver
biopsies performed in adult liver transplant recipients.
Despite transjugular liver biopsy being effective and
safe for patients with contraindications to percutaneous
liver biopsy, in patients with small liver or in patient
with partial LT (from a living donor or deceased donor),
subcapsular or intraperitoneal bleeding due to accidental
perforation of the capsule is possible. Hemobilia,
accidental puncture of kidney, transient dysrhythmias,
and hematoma at the puncture site are the most

. . . .57
common complications reported in other studies” .

TREATMENT OF VASCULAR
COMPLICATIONS

Vascular complications following LT are associated
with high morbidity, graft lost and mortality rate. The
majority of vascular complications develop within 3 mo
of the transplant and possible complications should
be considered in any LT patient with alteration of liver
function tests. The clinical presentation of vascular
complications is often indistinguishable from other post-
transplantation complications (biliary complications,
rejection, graft dysfunction, infections). Color Doppler
ultrasonography (US), multidetector-row computed
tomography (MDCT), and magnetic resonance are
useful for diagnosis. Vascular complications can affect
the hepatic artery, hepatic vein, portal vein and inferior
vena cava (IVC).

Hepatic artery thrombosis (HAT)
HAT is a dramatic, potentially life-threatening,
complication of LT occurring in 3%-9% of adult liver-

Figure 1 Status post right lobe LRLT in 18-year-old male. A: Celiac
arteriogram showed acute HAT. Local thrombolysis with TPA was performed
by placing a microcatheter in the hepatic artery stump; B: Celiac arteriogram
after TPA infusion showed patent hepatic artery. In this patient, splenic artery
embolization was performed by coils and PVA in order to increase the flow in
hepatic artery. Although a good and early flow restoration was achieved, the
patient underwent re-transplantation 2 d later for graft failure.

transplanted patientslg’gj. Risk factors for HAT are
considered to be surgical technique, small donor vessels,
slow flow secondary to hepatic artery stenosis (HAS),
ischemia-reperfusion injury, coagulation abnormalities,
ABO blood group incompatible transplantation, use
of aortic jumping graft and multiple rejection episodes.
Ischemia caused by HAT results in severe biliary and
parenchyma damage and is associated with high rates
of graft loss and mortality. Urgent thrombectomy
and revascularization or re-transplantation is currently
considered the treatment of choice in case of early
diagnosis of HAT". 1f Doppler US and/or computed
tomograghy (CT) suspicious of HAT are present, an
arteriogram is usually performed to confirm the imaging
finding and, in very early diagnosis of HAT, to try to
restore the hepatic flow with selective thrombolytic
therapy and eventual treatment of concomitant HAS
with balloon angioplasty and/or stent placement. In
our practice, selective catheterization of the hepatic
artery stump is performed with a microcatheter and
an infusion of thrombolytic drugs. In selected patients
with concomitant steal syndrome from splenic and/or
gastroduodenal arteries, percutaneous splenic and/or
gastroduodenal artery embolization can be performed
in the same session in order to increase the flow in
the hepatic artery (Figure 1). Surgical thrombectomy
and/or re-transplantation should be reserved for cases
in which percutaneous techniques fail. Saad et al'"
reported successful in re-establishment of arterial
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flow and uncovered underlying arterial anatomical
defects in four out of five patients treated, but none
were treated definitively by endoluminal procedures,
due to the inability to resolve the underlying arterial
stenosis, showing that the treatment of the underlying
arterial defect is mandatory. Several cases of successful
thrombolytic treatment of HAT in adult transplanted
recipients are reported, usually if the diagnosis of HAT
is performed a few hours after LT!"*" but further
analysis is needed to understand the correct timing of a
possible thrombolysis and if endovascular procedures
can be safely considered, a viable option to prevent re-
transplantation after HAT. Possible complications of
endovascular therapies are dissection and/or rupture
of the hepatic artery during the arterial manipulation
(requiring the placement of a covered stent) and
bleeding from the arterial anastomosis'.

Hepatic artery stenosis (HAS)

HAS is an insidious complication of LT occurring
in approximately 5% of patientsm leading to graft
ischemia and possible hepatic artery occlusion as a result
of slow flow with high incidence of morbidity and
mortality due to hepatic insufficiency, biliary damage
and possible sepsis. The majority of HAS arises at
the anastomosis site and usually occurs within 3 mo
after transplantation. The etiology of HAS can be due
to small caliber of arteries or vascular clamp injury.
Non-anastomotic stenosis can be present in cases
of rejection or hepatic necrosis. The most common
complication seen on cholangiography of recipients
with HAS is non-anastomotic biliary strictures (BSs)
seen in up to 49% of patients“s]. Early detection of
HAS is fundamental because many of the stenoses are
suitable for percutaneous treatment with angioplasty

Figure 2 Status post deceased donor LT.
Doppler US performed 5 mo after the transplant
showed low intrahepatic resistive index 0.50 and
prolonged systolic acceleration time 0.113 s,
suspected for HAS. A: MDCT volume rendering
3D reconstruction showed a severe stenosis in the
hepatic artery anastomosis; B: Digital subtraction
angiography (DSA) celiac arteriogram confirmed the
stenosis, trans-stenotic pressure gradient measured
by a microcatheter was 50 mmHg; C: DSA
percutaneous transluminal angioplasty performed
by 4 mm diameter balloon catheter; D: DSA final
arteriogram showed good patency of the arterial
anastomosis with trans-stenotic pressure gradient
reduced to 4 mmHg. Doppler US performed 4 mo
later showed regular resistive index 0.70 and systolic
acceleration time 0.100 s. Patient currently in good
general condition and without biliary tree impairment
after 6 mo of follow-up.

and/or stent placement or surgical revision, allowing
good long-term graft function. In adult recipients
with HAS that underwent percutaneous transluminal
angioplasty, a 60%-80% patency rate at 1 year is
reportedmj. Percutaneous transluminal angioplasty
has also been reported to be an effective treatment of
HAS after living donor LT, with a success rate of 94%
and a complication rate of 6%, with possible HAS
recurrence in 33% of patientslzoj. In our practice, in a
case of suspicious Doppler US or MDCT scan of HAS,
a hepatic arteriogram is performed, from a transfemoral
approach, with a 5F Cobra 2 or SOS catheter. A coaxial
microcatheter is then advanced through the stenosis
and the trans-stenotic pressure gradient measured. If
a significant pressure gradient is present (> 10 mmHg)
then an angioplasty is performed. Before angioplasty,
0.2 mg of nitroglycerine and 2000 Ul of heparin are
infused into the hepatic artery to reduce the risk of
spasm or thrombosis. A 6F guiding catheter is advanced
and a balloon catheter advanced over a 0.018 inch
or 0.014 inch stiff wire. The diameter of the balloon
used varies according to the diameter of the hepatic
artery, ranging from 3 to 6 mm. Procedural success is
determined by reduction or absence of the stenosis in a
final arteriogram with significant reduction of the trans-
stenotic pressure gradient (Figure 2). If a good patency
is not restored, a metallic stent is deployed. The use of
low-profile coronary stents in the treatment of HAS, as
a first therapeutic approach, also showed good results
with a 1-year patency rate of 45%-53%

Portal vein stenosis (PVS)

PVS is a postoperative complication reported in
3% of patients after LT, Clinical symptoms of
hemodynamically significant PVS are related to portal
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5.8 mm (2D)
[PF]

Figure 3 Status post right lobe LRLT in 60-year-old female. A: MDCT, MIP reconstruction showed a stenosis in portal vein anastomosis. The stenosis is very
near the bifurcation of anterior and posterior branches; B: DSA, portogram performed from transjugular approach confirmed the PVS, 15 mmHg trans-stenotic
pressure gradient was measured; note large patent coronary vein with filling gastro-oesophageal varices; C: DSA, final portogram performed after the deployement
of a 10-mm diameter WallStent; note good filling of intrahepatic branches and no more evidence of the coronary vein, trans-stenotic pressure gradient reduced to

6 mmHg. Patient currently in good general condition with 1 year of follow-up.

hypertension and are bleeding from varices, splenomegaly
and ascites. The portal vein is usually accessed by a
transhepatic approach or by a transjugular approach.
Percutaneous transhepatic angioplasty is considered
an effective treatment and is usually considered as
a first, non-surgical, therapeutic approach. Shibata
et al” in a large series of patients, reported a success
rate of 74% with a single session of balloon dilatation
and a mean follow up of 24 mo. Recurrent stenoses
were detected in 28% of patients and a maximum of
three sessions of dilatation were necessary to resolve
the stenosis. Funaki ez a/”” reported metallic stent
placement to treat recurrent and/or non-responsive,
elastic stenosis with good long-term patency. Ko
et al” reported a series of patients following living donor
LT with eatly occurrence of PVS that were treated with
transhepatic primary stent placement and showed good
patency of the stents after a mean follow up of 66 mo
in six out of nine patients. In the same paper, three post-
procedural major complications were reported, two
cases of hemoperitoneum and one case of intrahepatic
pseudoaneurysm. In our practice, when a transhepatic
approach is preferred, the procedure is performed under
monitored anesthesia care. Transhepatic puncture of the
portal vein is performed under ultrasound guide with a
21-Ga needle. An Accustik system (Boston Scientific)
is advanced in the portal branch, over a nitinol wire,
and then exchanged, over a 0.035 inch wire, for a 6F or
7F vascular sheath. The hemodynamic trans-stenotic
pressure gradient measurement is performed using a 5F
hydrophilic catheter. Before the dilatation, a bolus of
heparin is administered (2000 UI) to reduce the risk of
thrombosis during the balloon occlusion. The dilatation
can be performed with balloon catheters up to 10 mm
in diameter or more, according to the size of the vessel.
Technical success is considered the resolution of the
stenosis in a final portogram and a significant reduction
of the trans-stenotic pressure gradient. In our practice,
we embolize the transhepatic tracks with a coil to reduce
the risk of bleeding, but in other series™ transhepatic
track embolization is not performed routinely without

evidence of perihepatic bleeding, In patients with severe
coagulopathy and/or ascites, the transjugular approach
can be chosen, reducing the risk of blecdingm’zg]. The
procedure is performed with monitored anesthesia care
from the right internal jugular vein approach using the
standard Colapinto set. Balloon dilatation and/or metallic
stent placement are performed with the same technique
as the transhepatic approach. Note that when the
stenosis s very near the intrahepatic branches bifurcation,
it is mandatory to use a non-covered metallic stent
because the use of a covered stent, such as a Viatorr,
would cause the occlusion of one branch (Figure 3).

IVC stenosis (IVCS)

IVC anastomosis stenosis after orthotopic LT is a rare
complication occurring in approximately 1% of patients
but more frequently in the superior anastomosis of
IVC®, Clinical manifestations are usually refractory
ascites and/or pleural effusion associated with renal
insufficiency, lower extremities edema and alterations of
liver function tests. IVCs is usually related to technical
problems during surgery or fibrous scar development
at the anastomosis, and concomitant stenosis at hepatic
vein anastomosis can be present. For this reason, hepatic
vein catheterization is recommended during the same
procedure. Donor-recipient size mismatch can also be
responsible for IVCS. Transluminal angioplasty is the
first-choice treatment for this cornplicationm (Figure 4).
Trans-stenotic metallic stent deployment is reserved
for resistant stenoses ot those with elastic recoil not
responsive to angioplasty™. A transfemoral approach is
preferred for a diagnostic cavogram, as is trans-stenotic
pressure gradient measurement. Filling of collateral peri-
caval vessels is possible in case of hemodynamically
significant stenosis. Balloon dilatation is performed
with large-sized catheters. Due to the large size of the
IVC, simultaneous inflation of multiple balloons has
been described". In our practice, during the procedure,
radial or femoral artery pressure measurement is
performed to continuously monitor changes in systemic
hemodynamics during balloon dilatation, and consequent
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Figure 4 Status post deceased donor LT. Patient with refractory ascites in association with renal insufficiency and lower extremities edema 4 years after the
transplant. A: DSA, cavogram showed a stenosis of IVC upper anastomosis, 12 mmHg trans-stenotic pressure gradient was measured. In the same session hepatic
veins catheterization was performed showing no concomitant stenoses in hepatic vein anastomosis; B: DSA percutaneous transluminal angioplasty performed by
16-mm diameter balloon catheter; C: DSA final cavogram showed good patency of the caval anastomosis with trans-stenotic pressure gradient reduced to 2 mmHg.
From 2001 to 2007, four other trans-luminal caval angioplasties were performed in the same patient. The patient is currently in good general condition after 15 mo and

has avoided re-transplantation.

IVC occlusion, deflating the balloon before an excessive
drop of systemic pressure. Repeat dilatations may
be necessary for long-term patency. In patients with
IVCS recurrence and severe renal insufficiency, trans-
anastomotic pressutre gradient measurement and balloon
dilatation can be easily performed without injection of
lodinate contrast.

Hepatic vein stenosis (HVS)

HVS, inducing outflow insufficiency, is a major
postoperative complication of LT, especially in patients
with partial liver graft transplantation producing graft
failure with a reported incidence of 1%-4%, Hepatic
congestion can cause refractory ascites, refractory
hydrothorax and alteration of liver function tests. HVS
usually occurs at the anastomosis site; less frequent is
the presence of an intrahepatic stenosis in the HV, likely
due to previous venous injury during surgery or during
previous percutanecous procedures, such as biopsy or
biliary catheter placement. If a clinical and/or imaging
suspicion of HVS is present, selective catheterization
of all the HVs is mandatory to confirm the stenosis and
measure the trans-stenotic pressure gradient (Figure 5).
A pressure gradient greater than 3 mmHg between
the HV and right atrium has been reported to be
pathological™. Transjugular or transfemoral angioplasty
or metallic stent placement is usually performed, as
a first choice, to treat this complication”"?”
experience, balloon dilatation is considered the preferred
treatment choice because long-term patency of metallic
stents is still unknown and metallic stent placement is
reserved for persistent HVS not responsive to multiple
angioplasties. Good technical and clinical success rates
for percutaneous interventions are reported” . Long-
term patency may require repeated interventions,
especially if only trans-luminal angioplasty is performed.
Better long-term patency results are reported in cases
of stent deployment”. The primary percutaneous
transhepatic approach for HVS treatment, has been
reported™ to have an easier negotiation through the

. In our

stenosis, leading to shorter procedure time and ionizing
radiation. In our experience, we use the percutaneous
transhepatic approach only when the transjugular or
the transfemoral approach fails. For the transhepatic
approach, previous drainage of ascites and the
embolization of the transhepatic tracks at the end of the
procedure are, in our opinion, mandatory to reduce the

risk of bleeding.

TREATMENT OF BILIARY
COMPLICATIONS

Biliary complications occur in 10%-40% of patients
after LT with major incidence in patients with
partial | B Complications include BSs, bile leakage
(BL), biliary stones and bilomas. The majority of
biliary complications develop during the first 3 mo,
but strictures and stones may develop months or
years after LT. The preferred methods for biliary tract
reconstruction in LT are the duct-to-duct anastomosis
between the donor and recipient common ducts and, less
frequently, Roux-en-Y choledocojejunostomy. In right
lobe split LT (from deceased or living related donor), a
duct-to-duct anastomosis is usually performed between
the donor right biliary duct and recipient bile duct, but
due to possible anatomical variants of the donor biliary
tree, two different biliary anastomoses, or less frequently
three anastomoses, are performed with the recipient bile
duct and the recipient cystic duct or with a Roux-en-Y
limb, in up to 40% of patients**\. Patients with multiple
biliary reconstructions have a higher incidence of
biliary complications[42]. Clinical presentation of biliary
complications is often indistinguishable from other post-
transplantation complications (vascular complications,
rejection, graft dysfunction, infections). Ultrasonography
is commonly used as screening test; however, due to the
high rate of false-negative results, a negative test cannot
exclude the presence of biliary complications.
Endoscopic retrograde cholangiopancreatography
(ERCP) is usually the initial method of choice to
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Figure 5 Status post deceased donor right lobe split LT in 65-year-old female. Three separates HV anastomoses were performed. One month after LT, patient
developed refractory ascites and right pleural effusion with worsening of liver function tests. Doppler US was suspicious of HVs. A cavogram performed from the
femoral approach showed widely patent IVC anastomosis. Selective catheterization of the three HVs (A, C and E) showed stenosis in the three anastomoses with
trans-stenotic pressure gradient of 15, 20 and 16 mmHg, respectively. Balloon angioplasties were performed with balloon catheters ranging from 7 to 10 mm in
diameter. Final venogram showed patent anastomoses (B, D and F). Trans-anastomotic pressure gradient reduced to 4, 2.5 and 8 mmHg. Eight months of follow-up

without recurrence of refractory ascites and/or hydrothorax.

treat post LT biliary complications in patients with
duct-to-duct anastomosis. Percutanecous transhepatic
cholangiography (PTC) is the method to manage biliary
complications in patients with choledochojejunostomy, in
presence of intraepatic strictures and when endoscopic
management fails.

Biliary strictures (BS)

BS is a common problem after LT with a reported
incidence of 10%-35%""*". Anastomotic BS is usually
related to scar tissue and retraction at the suture site ',
Intrahepatic BS is usually related to chronic rejection
or arterial insufficiency due to HAS, thrombosis ot
ABO blood group incompatibility or infections. Single
focal strictures and multiple/combined intrahepatic and
anastomotic strictures can be present. Untreated BS is
associated with high rate of morbidity and mortality.
Endoscopic intervention is the preferred approach
in patients with duct-to-duct anastomosis. PTC with
biliary drainage placement and consequent percutaneous
balloon dilatation is performed in patients with the Roux-
en-Y reconstruction or in cases of endoscopic failure.
In patients with partial LT, knowledge of the number
of the anastomoses performed is mandatory before a
possible percutaneous treatment. Possible complications
of PTC are hemobilia, drop in hematocrit, intra or
extrahepatic hematoma, fever with bacteremia, with a

reported incidence of 3%-26% of cases™*. Severe

injury to intrahepatic arteries with massive hemobilia and
possible formation of intrahepatic aneurysm is reported
in 2% of cases. In those cases, emergency arterial
embolization is requiredm]. Suspicion of BS is based on
one or more findings: clinical picture (fever, cholangitis),
biochemistry (elevation of alkaline phosphatase, direct
bilirubin, and transaminases), ultrasound and/or CT
scan and/or MR (biliary duct dilatation), and liver biopsy
(with histology consistent for cholestasis due to biliary
obstruction). BS can also be present in cases of non-
dilated biliary ducts. An ultrasound sensitivity of 38% in
the detection of biliary obstruction has been reported
in transplanted patientsHSJ. Better results, with sensitivity
in detecting biliary obstructions ranging from 80% to
100%, are reported with the use of magnetic resonance
cholangiography (MRCP)™. Percutaneous treatment
of BS is considered safe and effective, avoiding in most
cases the need for surgical revision of the anastomosis.
Multiple treatments are often necessary. Long-term
patency of percutaneous bilioplasty in adult recipients
is reported from 50% to 60% at 5 years"™*. Prolonged
cold ischemic and operative times, multiple or peripheral
strictures and the presence of hepatic artery disease,
predispose to treatment failure or a lower patency of
anastomotic BS after balloon dilation""". The use
of cutting balloon catheters or combined cutting and
conventional balloon protocol has been proposed
in patients with refractory anastomotic stricture™',
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Figure 6 Status post deceased donor LT in 40-year-old man. Hepatico-jejunostomy was performed. A: PTC shows moderate biliary duct dilatation and
subocclusive biliary anastomosis stricture; B: The stricture was crossed and trans-anastomotic. 6F Ring biliary catheter was placed; C: cholangiogram performed after
four sessions of percutaneous bilioplasty shows no bile duct dilatation and patent anastomosis; D: Evidence of complete contrast transition from the bile ducts into the
bowel loop within 2 min after the cholangiography. Three years of follow-up without clinical evidence of stricture recurrency.

Metallic stent deployment is reserved for patients
who are refractory to repetitive balloon dilation of
BS and who are poor surgical candidates””. In our
practice, PTC is performed in an angiographic suite
under monitored anesthesia care, with spontaneous
respiration and additional local anesthesia. The patient
is monitored continuously by electrocardiography,
a pulse oximeter, and automatic blood pressure and
pulse recordings. Intravenous antibiotic prophylaxis
is administered before all procedures. Patients with
coagulation defects (platelets < 50000 mm’ and/or
prothrombin activity < 50%) receive infusions of
platelets and/or fresh frozen plasma. PTC is generally
performed through an intercostal approach, with an
ultrasound- and fluoroscopy-guided 20-Ga needle
inserted in a peripheral bile duct. If the cholangiography
shows a stricture, the biliary tree is catheterized using
an Accustick Introducer System (Boston Scientific,
Natik, USA) over a Cope wire (Cook, Bjaeverskov,
Denmark), the stricture crossed when possible with
0.035 or 0.038 inch hydrophilic guide wires, and a trans-
anastomotic biliary catheter ranging from 6F to 8.5F
with side holes placed above and below the stricture.
The catheter is left to external gravity drainage for at
least 1 d. If the patient has no fever and/or cholangitis
the day after the procedutre, the catheter is clamped for
internal drainage. If, after the diagnostic cholangiogram,
a guide wire cannot be passed through the stricture, an
external drainage catheter is placed to allow for biliary
decompression and to reduce the stricture’s possible
inflammatory component. A second attempt to cross
the stricture is usually performed after 7 d. The first
BS balloon dilatation session is never performed on
the same day as the diagnostic cholangiogram, so as
to reduce the risk of sepsis. It is generally performed
after 1 wk, following a cholangiography performed
with a OF or 7F sheath and a balloon size ranging from
6 to 10 mm. Every dilatation session consists of three
trans-anastomotic dilatations of 10 min each. Trans-
anastomotic biliary catheters with sizes ranging from 6F
to 14F according to the diameter of the anastomosis
are placed after every dilatation session. An antibiotic
infusion is re-administered 6 h after every procedure. At

each dilatation session, the size of the balloon catheter
is increased by 1 mm, up to a maximum diameter of
12 mm. Catheters are removed when the cholangiography
performed through the sheath shows evidence of stricture
resolution or of minimal residual stenosis of less than
20% of the expected lumen caliber. In all cases, catheters
are removed only upon evidence of complete contrast
transition from the bile ducts into the bowel loop within
3 min after the cholangiography (Figure 6), and if a
significant reduction of cholestasis serum liver enzymes
is achieved after bilioplasty. Our protocol envisages
three BS dilatation sessions performed every 4-8 wk,
followed by a cholangiographic evaluation 4 wk after
the last session. If the stricture is resolved, the catheter
is removed; if the BS persists, a supplementary balloon
dilatation and follow up cholangiogram is performed,
followed by potential catheter removal or balloon
dilatation after 4-6 wk. In our experience, when a BS
is crossed and a biliary catheter placed, percutaneous
balloon dilatation gives good results, although multiple
sessions over several months are necessary to obtain
stricture resolution.

Bile leakage (BL)

Post-operative BL is a complication of LT that usually
occurs within a few weeks from the transplant in 5%-20%
of patientsm”’sa]. BL can arise from bile duct anastomosis
of the resection margin in partial LT. Another possible
site of leakage is the T-tube insertion in patients with
choledocho-choledocho anastomosis. Small leakages
usually close spontaneously, while large BLs are a serious
complication and need to be treated because of possible
associated complications such as fever, abdominal pain,
fluid electrolyte depletion, fat malabsorption, possible
sepsis or bleeding for hilar vascular erosion. The initial
management should be non-operative. Percutaneous
drainages, placed with a sonographic guide, are used to
drain the bile collection. Endoscopic or percutanecous
transhepatic management, with placement of large-size
biliary catheters, allows achievement of good results in the
treatment of large BL in adult patients, avoiding surgical
B3 In selected patients, when prior
endoscopic or percutaneous transhepatic attempts to stent

repair in many cases
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Figure 7 Status post LRLT (right lobe) in 56-year-old woman. Two separate biliary anastomoses were performed. Approximately 300 mL of bile was drained every
day from the existing perihepatic drainage catheter (JP) placed during the transplantation. ERCP was performed, revealing a BL from the anastomotic region. An
endoscopic stent was deployed in the posterior duct anastomosis but endoscopy failed to place a stent in the anterior duct anastomosis. A: PTC of the anterior duct
showed no bile ducts dilatation and a BL arising from the anastomosis; B: 12F external internal catheter without side holes was placed in the leak region. The bile
output from the JP progressively reduced and stopped a few days later. The JP and the endoscopic stent were removed 1 mo later; C: Final cholangiogram performed
4 mo later showed no BL and patent biliary anastomosis. The catheter was removed. The patient is still in good condition after 12 mo of follow-up.

the biliary tree have failed, the combined transhepatic-
endoscopic approach (rendezvous technique) can be
successfully used to place large-size biliary catheters™ .,
When minimally invasive treatments fail, operative
intervention is mandatory. In our practice, in patients with
anastomotic BL. who undergo percutancous trans-hepatic
treatment, we do not use biliary catheters with standard
side holes, but we prefer to modify multipurpose large-
size drainages by adding holes only in the intrahepatic
bile ducts and in the distal bile duct, so as to reduce bile
contact in the duct lesion to favor the repair process

(Figure 7).

CONCLUSION

LT, in patients with end-stage liver diseases, has become
an accepted treatment. Advances in the field of
percutancous, radiological, minimally invasive techniques
have increased the importance of interventional
radiology in the management of patients after LT.
Interventional radiology procedures are used in the
treatment of vascular and non-vascular complications,
improving graft and patient survival and avoiding,
in the majority of cases, surgical revision and/or re-
transplantation.
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Abstract

An increasingly number of transplant centers have
integrated a psychological assessment within their
protocol for evaluation of patients being considered for
transplantation. This paper highlights the psychological
criteria for inclusion or exclusion for listing, briefly
discusses the psychological dynamics of patients, and
addresses possible psychotherapy and pharmacological
therapy, before and after transplant.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Orthotopic liver transplantation (OLTx) is a major
surgical procedure that can precipitate distress, anxiety
and depression. The experience of the last few years
of many transplantation centers has highlighted the
importance of a thorough and routine psychological
assessment before considering the patient as a possible

candidate for listing!!. The importance of identifying
psychological/psychiatric, and/or possible psychosocial
problems is necessary in order to eliminate or prevent
the insurgence of possible psychological problems post-
transplant. Most transplant centers have included an
initial psychological evaluation in their work-up protocol,
to evaluate the psychological strengths and possible
liabilities of the patient who is being considered for an
OLTX, so as to provide interventions such as: smoking
cessation therapy, drug/alcohol rehabilitation, and
improvement of compliance; that is, behavior that needs
to be resolved before surgery, in order to reduce possible
behavioral liabilities after transplantation®.

The transplant itself has deep psychological
implications, which may exist within the affective, social
and interpersonal realm of the individual’s personality. In
the postoperative phase, there may be manifestations of
adjustment disorders, psychopathological disturbances,
problems with compliance, as well as non-adherence
to the therapeutic plan®. To reiterate, it is therefore
necessary to carry out an accurate evaluation of the
psychological and personality profile of each individual
being considered for listing for possible OLTx.

PSYCHOLOGICAL ASSESSMENT OF
THE POTENTIAL CANDIDATE FOR
TRANSPLANT

During the initial interview, the psychologist’s main goal
is to determine how much the candidate knows or is
aware of his/her medical status, or better yet, whether
he/she has accepted his/her medical condition. The
communication of the necessity of a liver transplant
automatically induces the patient to think that
conventional therapies and/or less invasive surgery
are no longer an option. In such a case, the patients’
psychological-emotional reactions take a course of their
own, for example, they start experiencing: (1) sense of
despair; (2) concerns for his/her medical status and
sense of imminent death; (3) reactive and/or correlated
psychopathology.

During the course of the psychological evaluation,
then, patients may find themsleves living two traumatic
events (both real), at the same time: (1) sense of imminent
death; or (2) rebirth through the transplant. During this
phase, it has been observed that patients most often feel a
sense of doubt, anxiety, ambivalence, fear and frustration,
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which, if associated with a high level of psychological
distress, can have consequences that can even lead to non-
acceptance of the transplant. A careful psychological
evaluation (cognitive, emotional and interpersonal) allows
for an accurate course of psychotherapy!”.

The therapist must take into consideration those
needs, deficits and assets that the patients possess
in order to bring them step by step toward the final
objective, which is the transplant. The specific,
individualized treatment plan allows for an improvement
of the quality of life (QOL) of the patient who will
undergo a transplant and, specifically, during the
postoperative period.

Ethically, the ability to give informed consent
comprises three key elements: adequate information,
adequate decision-making capacity, and freedom from
coetcion (President’s Commission for the Study of
Ethical Problems in Medicine and Biomedical and
Behavioral Research, 1982)Pl. Therefore, to this end, it
appears fundamental to the psychologist’s evaluation,
whose goal is to evaluate the degree of the patient’s
knowledge and understanding of the various items on
the informed consent. To this extent, it is fundamental
that the patient’s ability for decision-making is
evaluated. If there is a suspected inability to do this
(because of mental retardation or social deficits, ez),
then, it is imperative that further testing be done
using standardized tools for the evaluation of 1Q (e.g
Wechsler Adult Intelligence Scale-Revision). If mental
deficiency is found, then it becomes a legal issue, that
is, it is necessary to assign a legal guardian who can
represent the patient, in order to protect his/her rights.
In the absence of a cognitive defect, if it is evaluated
that the patient has not fully understood the context of
such a document because of difficulty in perceiving such
information, or in the event that there is resistance in
accepting such information, then it becomes imperative
that the patients undergo a psycho-educational process,
in order to induce them to adjust their non-functional
behavior or lifestyle in accordance with the expectations
of the transplant team. For example, patients might need
to be educated on topics such as maintaining adequate
personal hygiene, given that they will be treated with
immunosuppressant medication for the rest of their
lives.

Table 1 outlines the absolute and relative
contraindications for transplant listing. Although each
item needs detailed discussion, for the purpose of
this paper, the discussion will focus on alcohol/drug
addiction and psychopathology, which are the two
contraindications that need the most active intervention
of the psychologist. The candidacy of patients who have
an addiction has varied within each transplant center;
however, in recent years, there has been an attempt
to formalize the criteria for such patients. In Italy, the
Director of the National Transplant Institute assigned a
group of psychologists and psychiatrists to work on the
guidelines to be applied in transplant centers across the
country. This group (GLI PSI TO), of which the present
author is 2 member, debated and focused a lot of time
and energy in determining the criteria for listing patients

Absolute
Irriversible cognitive-neurological deficits
Active psychosis
Active addiction to drugs and/or alcohol
Relative
Personality disorder
History of psychiatric disorders
History of alcohol and/or drug addiction
Depression
Neurosis
History of use of psychotropic/neuroleptics
Limited family and social support
Limited ability to adhere to therapies
Inadequate motivation

with addiction. The consensus was, also following the
lead of guidelines set forth by the United Network for
Organ Sharing, that patients may be considered for
listing after 6-12 mo abstinence, and that they have to
be active participants in a rchabilitation center (even as
an out-patient). With such patients, during this period
of abstinence at our center (Istituto Mediterraneo per
Trapianti ¢ Terapie ad alta Specializzazione; ISMETT), the
treatment is two-fold: patients are sent to a rehabilitation
center closest to their residence, where the main focus
is the toxicological component of the problem; while
at ISMETT, the psychologists work in full synergy with
such centers in an attempt to give patient support, in
order to access those possible psychosocial resources that
are needed for a positive, favorable prognosis.

With regard to psychopathology, it is important
to note that it is not always a contraindication for
transplantation per se. In fact, if patients manifest an
active psychosis, not well compensated even with
pharmacological therapy!®, it is obvious that this would
be an absolute contraindication, especially since there is
an absence of the necessary resources needed to undergo
an OLTx. In other cases, however, such as in mood
disorders and anxiety disorder, psychopharmacological
therapy in conjunction with psychotherapy may
ameliorate the disturbance to the point at which
patients are placed in a condition in which they can
reach a functional emotional, affective equilibrium that
allows them to manage the eventual distress related to
the transplant. Such patients, however, need constant
support before, during and after transplantation. During
the pre-transplantation phase, specifically for sensitivity
to stress; in the post-transplant phase, most importantly
because of immunosuppressant therapy that might
precipitate mood swings, irritability, mania and anxiety.
Psychotherapy and/or psychotherapy in conjunction
with pharmacological treatment might be indicated
during all the phases of the transplant process. Cognitive
behavior therapy is the psychotherapeutic approach
implemented at ISMETT, an approach which has been
evaluated as being most beneficial with these patients,
as they are individuals who tend to manifest traits such
as depression, anxiety and phobia. Anxiety reduction
techniques, autogenic training, systematic desensitization,
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Informed consent

Personality profile

Psychopathology

Past/ present psychiatric history

Effect of illness on daily life activities

Defense mechanism employed and coping skills

Motivation for surgery

Treatment compliance

Support from the family

Socioeconomic support (together with social worker’s evaluation)
Awareness of information regarding the actual surgical event and
future treatments

Use/abuse of alcohol and/or drugs (see paragraph on this topic)
QOL

relaxation techniques, guided imagery, pain management
and hypnosis are techniques that might be implemented,
and that normally bring more immediate results for the
management of those symptoms already mentioned as
those being manifested by patients during the transplant
process (Table 2).

CONCLUSION

The role of the psychological assessment and monitoring
during the pre- and post-transplant phases, as well
as the ongoing follow-up intervention, is generally
highly valued by organ transplant teams because of the

significant health consequences of organ transplant
failure. Identifying and reducing psychological risk
factors can play an important role in overall long-term
success of transplantation.
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Abstract

AIM: To examine the expressions of N-cadherin and
E-cadherin in specimens of 62 normal esophageal
epithela, 31 adjacent atypical hyperplastic epithelia
and 62 esophageal squamous cell carcinomas (ESCCs),
and to investigate the roles of N-cadherin in the
invasiveness of ESCC cell line EC9706 transfected by
N-cadherin shRNA.

METHODS: PV immunohistochemistry was used
to detect the expression pattern of N-cadherin and
E-cadherin in specimens of 62 normal esophageal
epithelia, 31 adjacent atypical hyperplastic epithelia
and 62 ESCCs. The invasiveness of ESCC line EC9706
was determined by transwell assay after EC9706 was
transfected by N-cadherin shRNA.

RESULTS: The positive rates of N-cadherin decreased
in the carcinoma, adjacent atypical hyperplastic and
normal esophageal tissues (75.8%, 61.3% and 29.0%,
P < 0.05), respectively, while those of E-cadherin
increased (40.3%, 71.0% and 95.2%, P < 0.05). The
increased expression of N-cadherin and decreased
expression of E-cadherin were related to invasion,
differentiation, and lymph node metastasis (P < 0.05).
The expression level of N-cadherin decreased in the
N-cadherin knocked down cells, and the invasiveness of
those cells decreased significantly as well. The number
of cells which crossed the basement membrane filter
decreased from 123.40 = 8.23 to 49.60 £ 6.80 (P <
0.05).

CONCLUSION: E-cadherin and N-cadherin expression
is correlated with the invasion and aggravation of
ESCC. The down-regulation of N-cadherin lowers the
invasiveness of EC9706 cell line.

© 2009 The WG Press and Baishideng. All rights reserved.
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INTRODUCTION

The malignancy of cancer cells depends largely on
their proliferative, invasive and metastatic activities,
and invasive and metastatic activities are most closely
associated with cell-to-cell and cell-to-extracellular
matrix adhesion. As a class of transmembrane proteins,
cadherins play an important role in cell adhesion.
Among the members of cadherin family, E-cadherin
and N-cadherin have been extensively studied about
their biological activities and associations with cancer cell
invasion. It was reported that the invasion and metastasis
were present in the esophageal squamous cell carcinoma
(ESCC) with a low level of E-cadherin!?. Recent studies
on prostate cancer and breast cancer proved that the
up-regulated N-cadherin plays an important role in cell
progtession and metastasis™¥. In addition, N-cadhetin is
involved in angiogenesis and tumor growth regulation,
and contributes to the invasive morphology in squamous
tumor cells, and stimulates migration, invasion and
metastasis®l. However, the association of E-cadherin
and N-cadherin expression with the malignancy of the
ESCC is unknown.

In the current study, we analyzed the expression of
E-cadherin and N-cadherin in the ESCC tissues, adjacent
atypical hyperplastic epithelium and normal esophageal
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epithelium. The roles of N-cadherin in the invasiveness
were investigated in ESCC cell line (EC9700) transfected
by N-cadherin shRNA.

MATERIALS AND METHODS

Tissue samples

In this study, we randomly selected 62 esophageal cancer
patients who underwent potentially curative surgery
without preoperative chemotherapy or radiotherapy
between February 26 and March 16, 2006 in Anyang
Tumor Hospital, Henan, China. Among them, 36 were
men and 26 were women, ranging from 38-75 years of
age with a mean age of 52.6 years. Overall, 22 cases were
pootly differentiated, 25 were moderately differentiated,
and 15 were well differentiated. For the lymphatic node
metastasis, 20 cases were positive and 42 cases were
negative. Seven cases were classified as T; and T, and
55 as T5 and T, in terms of T stages. Surgically removed
specimens were routinely fixed in buffered formalin and
embedded in paraffin blocks for clinical diagnosis and
reclassification for this study. The normal esophageal
squamous tissues were taken from mucosae 3 cm away
from carcinomas, and the adjacent atypical hyperplastic
epithelium 2 cm away from the carcinomas. The final
pathological diagnosis was based on the result of
histological examination.

Expression of E-cadherin and N-cadherin in ESCC

Immunohistochemical analysis for E-cadherin and
N-cadherin was performed on 5-um sections made
from tissue microarray blocks. The Envision Plus
detection system (Dako, Carpinteria, CA, USA) was
used for the immunostaining. The sections were
deparaffinized in xylene and then were microwaved
in 10 mmol/L citrate buffer (pH 6.0) to unmask the
epitopes. Endogenous peroxidase activity was blocked
by incubation with 0.03% hydrogen peroxide in
methanol for 5 min. Slides were incubated with mouse
anti-human E-cadherin antibody (microwaving retrieval
in citrate buffer at 1:100 concentration, Abcam) and
mouse anti-human N-cadherin antibody (microwaving
retrieval in low pH buffer at 1:100 concentration;
Abcam), respectively. Then, polyperoxidase anti-mouse
IgG (Beijing Zhongshan Golden Bridge Biotechnology
Co. Ltd., China) was added for incubation for another
30 min followed by gentle rinsing with washing
buffer for three times. Thereafter, the sections wete
stained for 5 min with 3,3-diaminobenzidine (DAB)
(Beijing Zhongshan Golden Bridge Biotechnology),
counterstained by hematoxylin, dehydrated, and
mounted in Diatex. Expression of E-cadherin and
N-cadherin in breast cancer was used as a positive
control, while the same concentration of PBS was
applied as a negative control for E-cadherin and

N-cadherin.

Evaluation of staining for E-cadherin and N-cadherin
For both E-cadherin and N-cadherin, only membrane
and cytoplasm staining was considered as positive. The

intensity and percentage of immunostained carcinoma
cells were all taken into consideration according to the
pteviously published method with modification™. Briefly,
the extent of positivity was scored as 0 when no positive
cell was observed; 1 when the percentage of positive
cells was < 30%; 2 when it was 30%-60%; and 3 when
it was > 60%. The intensity was scored as 0 when no
positive cells were identified; 1, weak; 2, moderate; and 3,
strong staining. Multiplying the extent by intensity gave
the following immunohistochemical staining grades as 0,
1,2, 3,4, 6 and 9. For statistical analyses, grades 0, 1 and
2 were considered as negatively stained, and grades > 2
were considered as positively stained.

Retroviral virus production and determination of viral titer
PT67 packaging cells were seeded onto a six-well plate at
1 X 10° cells per well and incubated for 24-48 h. The cells
were allowed to grow to 60%-70% confluence and then
rinsed with fresh DMEM medium. The control vector
pEGFP-MSCVneo and recombinant retroviral vector
pMSCVneo/N-cadherin plasmids (kindly provided
by Dr. Ma Jie, Chinese Academy of Medical Sciences,
China) (The former contained the enhanced green
fluorescent protein and neomycin resistance genes, the
latter contained the N-cadherin shRNA, U6-promotor,
enhanced green fluorescent protein and neomycin
resistance genes) were transfected into the packaging
cell line PT67 by lipofectamine 2000 (Invitrogen Corp,
UK) and incubated for 6 h following the manufacturer’s
instructions. The mixture was replaced with fresh
medium to stop transfection and the transfected PT67
cells were further cultured with G418 (1000 mg/L)
selecting medium for 2 wk. Viral supernatant of the drug-
resistant clones was filtered through a 0.45-um filter and
condensed by ultracentrifugation at low temperature,
then preserved at -80°C. The supernatant, from the fresh
PT67 packaging cells containing recombinant retrovirus,
was used to infect NIH3T3 cells to determine viral titer
as previously described™. The highest titer clones wete
selected for further experiments.

Infection of EC9706 cells with viral supernatant

EC9706 cells were plated in a six-well plate at 5 x 10*
cells/mL and cultured with 5% CO, at 37°C. Twenty-
four hours later, the cells were exposed to 2 mL viral
supernatant at a consecutive multiplicity of infection
once for 12 h, in the presence of 8 pg/mlL polybrene
(Sigma). Subsequently, viral supernatant was replaced
with fresh medium. After being incubated for another
24 h, the infected EC9706 cells were screened with G418
(600 mg/1) (Sigma) selecting medium for 2 wk. Drug-
resistant clones were expanded with G418 (300 mg/L)
(Sigma) selecting medium. Two days after culturing,
the expression of EGFP in infected EC9706 cells was
observed under fluorescence microscope.

Total RNA and protein isolation

Total RNA and protein isolation was performed using
the Macherey-Nagel total RNA and protein isolation kit
according to the user manual. About 5 x 10° EC9706
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Target Primers Length of
gene product
(bp)

N-cadherin Sense: 5'-GGTGGAGGAGAAGAAGACCAG-3' 72
Antisense: 5'-GGCATCAGGCTCCACAGT-3'

E-cadherin Sense: 5-CCCGGGACAACGTTTATTAC-3' 72
Antisense: 5-GCTGGCTCAAGTCAAAGTCC-3'

MMP9 Sense: 5-GAACCAATCTCACCGACAGG-3' 67
Antisense: 5'-GCCACCCGAGTGTAACCATA-3'

GAPDH  Sense: 5-AGCCACATCGCTCAGACA-3' 66

Antisense: 5-GCCCAATACGACCAAATCC-3'

cells transfected with N-cadherin RNAI, control vector,
or the untreated cells were collected and lysed. Through
the NucleoSpin RNA/Protein column, RNA and DNA
were bound to the column and protein was contained in
the flow-through. After digestion of DNA, total RNA
was isolated by washing the column. Protein was isolated
from the flow-through and incubated for 3 min at 98°C
for dissolving and denaturation, and stored at -20°C until
used. All of the preparation and handling steps of RNA
took place in a laminar flow hood under RNase-free
conditions.

cDNA synthesis

RNA quality and quantity were determined by
absorbance readings at 260 and 280 nm with the Nano
Drop (ND-1000) spectrophotometer. RNA integrity
was tested by PCR amplification of the GAPDH gene.
Reverse transcription of RNA was performed using
Transcriptor First Strand cDNA Synthesis Kit (Roche).
cDNA was synthesized from 5 pg total RNA isolated
from EC9706 cells transfected with N-cadherin siRNA,
control vector, or the untreated cells according to the
manufacturer’s handbook.

Primer/probe design

The primer pairs and hydrolysis probes for N-cadherin,
E-cadherin, matrix metalloproteinase-9 (MMP-9) and
GAPDH were designed by Universal Probelibrary Assay
Design Center (Roche). All primer sequences listed in
Table 1 were synthesized by Shanghai Sangon (China).
The hydrolysis probes were designed and synthesized by
Roche Diagnostics.

Real-time PCR

Real-time PCR was performed with the ABI Prism 7500
Sequence Detection System (ABI) in a total volume
of 20 pL in glasscapillaries containing 2 pl. of cDNA,
0.5 pmol/L of each ptimer, 0.1 pumol/L of hydrolysis
probe and 4 pL of LightCycler TagMan Master Mix
(Roche Diagnostics). PCR reaction was initiated with a
12-min denaturation at 95°C and terminated with a 30-s
cooling step at 40°C. The cycling protocol consisted
of denaturation at 95°C for 10 s, annealing at 54°C for
10 s, and extension at 72°C for 10 s, and was cycled 45
times. Fluorescence detection was performed at the
end of each extension step. The housekeeping genes

GAPDH and DEPC-H,0O were set as internal control
and negative control, respectively.

Western blot analysis

Twenty microliters of protein samples were separated
on a 10% SDS-acrylamide gel (Bio-Rad) for 1 h at 150
V, and the proteins were transferred to nitrocellulose
membrane (Whatman). After blocking in 5% fat-free
milk, the membrane was treated with the dilution of
the primary antibody overnight at 4°C and the dilution
of the secondary IgG-horseradish peroxidase (HRP)
conjugated antibody for 1 h at room temperature. All
dilutions were in PBS containing 5% Blotto (Santa Cruz)
and 0.1% Tween-20. The stained membranes wete
visualized by enhanced chemiluminescence reaction
using the ECL Plus (GE Healthcare). Western blot
experiments wete repeated at least three times on every
sample, with similar results.

Transwell chamber migration assay

Matrigel-coated filter inserts with 8-um pores that fit
into 24-well invasion chambers were obtained from
Becton Dickinson. EC9706 cells transfected with
N-cadherin RNAi, control vector, or the untreated cells
were detached from the tissue culture plates, washed,
resuspended in conditioned medium (10° cells/mL), and
then added to the upper compartment of the invasion
chamber with or without plasmin (1.8 mg). Conditioned
medium (500 pL) was added to the lower compartment
of the invasion chamber. The Matrigel invasion
chambers were incubated at 37°C for 24 h in 5% CO..
After incubation, the filter inserts were removed from
the wells, and the cells on the upper side of the filter
were removed using cotton swabs. The filters were fixed,
mounted, and stained according to the manufacturet’s
instructions. The cells that invaded through the Matrigel
were counted on the underside of the filter. Three to
five invasion chambers were used for each experimental
condition. The values obtained were calculated by
averaging the total number of cells from three filters.

Statistical analysis

%> test and Spearman rank correlation coefficient
analysis were used to assess the univariate association
between the immunohistochemical status and the
clinicopathological characteristics. Results were expressed
as mean * SD. Statistical analysis was made using one
way ANOVA or paired-samples # test of SPSS 11.0.
P < 0.05 was considered statistically significant.

RESULTS

Immunoreactivity and clinicopathological correlations

For E-cadherin, positive immunostaining was observed
on the membrane of cancer cells and the intercellular
junctions. It was strongly expressed in the normal
esophageal squamous tissues (95.2%), moderately
expressed in the adjacent atypical hyperplastic
epithelium (71.0%), and weakly expressed in the ESCC
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Figure 1 Expression of E-cadherin and N-cadherin in ESCC tissues and
normal tissues. A: Strong expression (yellowish brown) of E-cadherin on the
membrane of normal esophageal epithelial cells (PV, x 200); B: Weak expres-
sion (yellow) of E-cadherin on the membrane of ESCC cells (PV, x 200); C:
Weak expression (yellow) of N-cadherin in the cytoplasm of normal esophageal
epithelial cells (PV, x 200); D: Strong expression (yellowish brown) of N-cadherin
in the cytoplasm of ESCC cells (PV, x 200).

tissues (40.3%) (Figure 1A, B and Table 2). Contrary
to the E-cadherin, N-cadherin, which existed in the
cytoplasm, was strongly expressed in the ESCC (75.8%)

Table 2 Correlations of E-cadherin, N-cadherin expression

with clinicopathological features of ESCC

N-cadherin
P Cases (%) * P

E-cadherin
Cases (%) »*

Histological classification

Items n

NEE 62 59 (95.2) 18 (29.0)
AH 31 22(71.0) 48.426 0.000 19 (61.3) 29.091 0.000
ESCC 62 25 (40.3) 47 (75.8)

Histological grade
I 15 11 (73.3) 8 (53.3)
I 25  9(36.0) 9.962 0.007 19(76.0) 6.924 0.031
I 22 5(227) 20 (90.9)

Depth of invasion
Nottoserosa 7  6(85.7)
To serosa 55 19 (34.5)

Lymph node metastasis
Yes 42 21 (50.0)
No 20 4(20.0)

4797 0.029 2(28.6) 6916 0.009

45 (81.8)

3897 0.048 28(667) 4486 0.034
19 (95.0)

NEE: Normal esophageal squamous tissues; AH: Adjacent atypical
hyperplastic epithelium; ESCC: Esophageal squamous cell carcinoma
tissues.

Table 3 Correlation between E-cadherin and N-cadherin
protein expressions

E-cadherin N-cadherin (+) N-cadherin (-) Y P
+ 25 12 13 -0.534 0.000
- 37 35 2

and moderately expressed in the adjacent atypical
hyperplastic epithelium (61.3%), but weakly expressed
in the normal esophageal squamous tissues (29.0%)
(Figure 1C, D and Table 2). The correlations between
the clinicopathological features and the expressions of
E-cadherin and N-cadherin in the primary tumors are
summarized in Table 2. Higher level of N-cadherin
expression was significantly associated with higher
histological grade, deeper invasion and more lymph node
metastasis, while E-cadherin expression was associated
with totally opposite sides.

Correlation between E-cadherin and N-cadherin protein
expression

In order to know whether the expression of E-cadherin
and N-cadherin in these tumors was associated, a
crosstable analysis was performed (Table 3), which
showed that their expression was significantly negatively
correlated.

PTG67 cells producing retrovirus

After G418 selection for 30 d, the stable colonies
of pEGFP-MSCVneo plasmid (control vector) with
viral titer 1 X 107 cfu/L and colonies of pMSCVneo/
N-cadherin (RNAi vector) with viral titer 3 X 107 cfu/L
were picked up to infect EC9706 cells (Figure 2A).

Establishment of transfected EC9706 cells

EC9706 cells were infected with the concentrated viral
supernatant and selected with G418 as described above.
After screening with G418 for 2 wk, the isolated G418-
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Figure 2 EGFP expression in PT67 cells and EC9706 cells after pMSCV-
neo/N-cadherin transfection. A: Selected by 1000 mg/L G418 for 15 d and
300 mg/L G418 for 15 d, the PT-67 cells transfected with pMSCVneo/N-cadherin
plasmid expressed EGFP stably. The figure was taken under fluorescence
microscope (x 400, at 488 nm); B: Selected by 600 mg/L G418 for 14 d and
300 mg/L G418 for 10 d, the EC9706 cells infected with pMSCVneo/N-cadherin
viral supernatant expressed EGFP stably. The figure was taken under fluores-
cence microscope (x 400, at 488 nm).

] E-cadherin
2 b @ MMP-9
’ M N-cadherin
1.0
]
o
s 08
2
©
S06 a
[}
T a
O 04
0.2 -
0.0
1 2 3 4

Figure 3 E-cadherin, N-cadherin and MMP-9 gene transcripts de-
tected by real-time PCR. 1: Positive control; 2: Untreated EC9706 cells;
3: EC9706 cells with control vector; 4: EC9706 cells with N-cadherin RNAi.
*P<0.05vs2and 3.

resistant clones (Figure 2B) were transferred into larger
culture vessels to expand for further experiments.

N-cadherin depletion affected expression of E-cadherin
and MMP-9 by EC9706

To investigate the expression phenotypes of E-cadherin
and MMP-9 when N-cadherin was down-regulated,
real-time PCR and Western blotting were employed to
examine the expressions of the N-cadherin, E-cadherin

E-cadherin
N-cadherin

MMP-9

B-actin

Figure 4 E-cadherin, N-cadherin and MMP-9 proteins detected by Western
bloting. 1: Positive control; 2: Untreated EC9706 cells; 3: EC9706 cells with
control vector; 4: EC9706 cells with N-cadherin RNAI. E-cadherin proteins
were 0.247 £ 0.010, 0.252 £ 0.087, 0.249 £ 0.07 and 0.250 + 0.006, respec-
tively, from lane 1 to lane 4. P > 0.05. The N-cadherin proteins were 0.681 +
0.003, 0.679 + 0.004, 0.653 + 0.009 and 0.342 + 0.006, respectively, from
lane 1 to lane 4. P < 0.05. The MMP-9 proteins were 0.624 + 0.011, 0.628 +
0.010, 0.623 £ 0.009 and 0.282 + 0.010, respectively, from lane 1 to lane 4.
P <0.05.

and MMP-9 in ESCC cell line EC9706. Transfection
of N-cadherin RNAi lowered N-cadherin mRNA
level (0.397 + 0.013) to less than 40%, compared with
the untreated cells (1.000 * 0.016) (Figure 3), and the
N-cadherin protein (0.342 = 0.000) to 50%, compared
with the untreated cells (0.679 = 0.004) (Figure 4).

The levels of MMP-9 mRNA and protein lowered by
about 50% in the N-cadherin depleted cells compared
with the untreated cells (Figures 3 and 4). The MMP-9
mRNA reduced from 1.241 £ 0.023 in the untreated
cells to 0.566 £ 0.016 in N-cadherin RNAI cells, and
the protein reduced from 0.628 £ 0.010 to 0.282 *
0.010. However, it seems that N-cadherin shRNA did
not affect the levels of E-cadherin mRNA and protein
(Figures 3 and 4).

Knocking down N-cadherin decreased invasiveness of
EC9706 in vitro

N-cadherin level was elevated with the malignancy
in the ESCC tissues in a previous experiment. When
N-cadherin was down-regulated, the migration of the
cells was also reduced, compared with the untreated
cells. Compared with the untreated EC9706 cells (Figure
5A) and the cells with control vector (Figure 5B), the
N-cadherin negative-cells (Figure 5C) migration across
the membranes decreased dramatically.

DISCUSSION

Cadherins are a class of type-1 transmembrane
proteins. They are calcium dependent cell-cell
adhesion glycoproteins. They play important roles in
tissue formation and maintenance during embryonic
development, and in the induction and maintenance of
normal architecture and function in adult tissues. The
most researched proteins of the cadherin family are
E-cadherin and N-cadherin®,

In the present research with ESCC, we found down-
regulation of E-cadherin and increased N-cadherin.
Normal E-cadherin expression contributes to the
maintenance of epithelial integrity and polarized
function®'”!. Mutations in E-cadhetin gene are correlated
with gastric, breast, colorectal, thyroid and ovarian
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Figure 5 Migration assay in transwell chamber. A: Untreated EC9706 cells;
B: EC9706 cells with control vector; C: EC9706 cells with N-cadherin RNA..
They were 123.40 + 8.234, 126.00 + 10.295 and 49.60 + 6.804, respectively,
fromAto C. P < 0.05. (HE, x 200).

cancer!"'?. Much lower levels were found to be present

in the poorly differentiated lung cancer, indicating the
worse prognosis. Unlike E-cadhetin, which is inversely
correlated with invasiveness, N-cadherin may promote
motility and invasion in carcinoma cells. N-cadherin has
been shown to enhance cell migration during epithelial-
mesenchymal transformation". Aberrant N-cadherin
expression was also found in breast carcinoma cells
and prostate carcinoma cells®. In epithelial carcinoma,
E-cadherin is down-regulated in most cases, sometimes
accompanied by the up-regulation of another cadherin,
for example, N-cadherin™'%. For the present research
with ESCC, less E-cadherin and more N-cadherin
were expressed in the ESCC tissue with deep invasion,
poor differentiation and lymph node metastasis than
with superfacial invasion, well differentiated and
negative metastasis tissues. The N-cadherin expression
was increased in the advanced ESCC tissues where

E-cadherin was down-regulated, suggesting that they
undergo a switch from E- to N-cadherin expression.
The shift in expression from E- to N-cadherin and
their mutually exclusive expression pattern in invasive
tumor cell lines strongly reflect that the dedifferentiation
from an epithelial to a mesenchymal phenotype was
often associated with an increased invasive statel'’l. The
exact underlying mechanism has not been clear, but in
many carcinomas, this “cadherin switch” was observed,
especially in those where mild and non-progressive
cells transformed into a mote invasive phenotype'**.
Ras, Src, Rho, PI3K and Wnt signaling pathways were
supposed to be involved in this switch®*.

We have proved that reduced E-cadherin and
increased N-cadherin were present in advanced ESCC,
and the following RNAi-mediated N-cadherin silence
in EC9706 cell line further disclosed the correlation of
E-cadherin and N-cadherin with ESCC progression.
The down-regulation of N-cadherin did not change the
expression of E-cadherin mRNA and its product. While
N-cadherin and MMP-9 were reduced significantly
in transcription level and translation level, less cells
demonstrated invasiveness.

Local tumor invasion is characterized by at least
two changes of function by the cancer cells. Firstly,
these cells express higher levels of membrane-type
and secreted proteolytic enzymes (e.g. the MMPs) in
comparison with their normal epithelioid counterparts.
Their contribution to invasion ranges from breakdown
of the extracellular matrix, over-release of pro-invasive
factors, to cleavage of cell-cell adhesion molecules?.
Secondly, cancer cells are more motile than normal
epithelial cells. Local tumor invasion is also made
possible by disruption of epithelial cell junctions.
E-cadherin, a part of the adherens junctions, plays
an important role in maintaining the epithelioid cell
otrganization and in preventing invasion®¥. Loss of
function is thought to contribute to progression in
cancer by increasing proliferation, invasion, and/or
metastasis”. Forced expression of N-cadherin in well-
differentiated breast cell lines did not change their
E-cadherin expression as indicated, but stimulated
marked increases in cell migration and invasion®®.
The ability of N-cadherin-expressing EC9706 cells to
adhere to N-cadherin-expressing endothelial sheets
may facilitate their transit through the vasculature and
improve their ability to form metastasis. The present
results also confirmed that the N-cadherin expression
down-regulation did not affect E-cadherin mRNA and
protein levels, but the invasiveness of all the EC9706
cells was weakened as compared with the untreated
EC9706 cells. It might be postulated that N-cadherin,
rather than E-cadherin, plays an important role in the
cancer progression and metastasis.

Less invasiveness was shown in the N-cadherin-
negative tumor cells. Therefore, knocking down
N-cadherin can weaken the aggressiveness of cancer
cells, by the mechanism involving mote than a change in
cellular adhesion. MMPs were thought to predominantly
degrade structural components of the extracellular matrix
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(ECM), thereby facilitating cell migration. In addition to
cleaving structural ECM components, collagen type IV
and the cell-adhesive molecules are also MMP substrates,
increasing the invasive behavior of cells. Type I collagen
is the predominant constituent of the perivascular
ECM, and as mentioned previously, a variety of MMPs
are capable of degrading collagen, including interstitial
collagenase and neutrophil collagenase. The metastatic
cells thus use these proteases to invade basement
membrane and its underlying connective tissues and then
subsequently through the basement membrane of the
small blood vessels and lymphatics?**. With RT-PCR and
Western blotting, the level of MMP-9 mRNA and protein
in the RNAi-mediated N-cadherin silencing EC9706 cells
was found to be reduced as compared with untreated
cells. It was supposed that the lower invasiveness of
EC9706 cells was the consequence of down-regulation
of N-cadherin, by the mechanism of decreasing the
MMP-9 expression. The MMP-9 reduction resulted in less
degradation of ECM, and thereby, the cancer cells were
less aggressive. But which signaling pathway was involved
in the N-cadherin to MMP-9 should be studied in the
future researches.

In this study, decreased E-cadherin expression and
increased N-cadherin expression were found more
frequently in advanced ESCC than in low grade ESCC,
confirming that the down-regulation of E-cadherin
expression and up-regulation of N-cadherin expression
were closely associated with the infiltration, invasion
and metastasis of ESCC. Iz vitro experiments also
demonstrated that even the E-cadherin mRNA and
protein did not change much in the N-cadherin knocking
down EC9706 cells, but the invasiveness of cancer cells
was dramatically reduced. The decreased MMP-9 mRNA
and its product were observed in the N-cadherin-
negative cells, the majority of which lost their ability of
migration iz vitre. It was supposed that the N-cadherin
played a role of facilitating cell invasion by MMP-9.
In summary, our data suggest that N-cadherin is an
important factor in the invasiveness of esophageal
squamous cell carcinoma and N-cadherin may serve as a
potential molecular target for biotherapy of esophageal
squamous cell carcinoma.
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Abstract

AIM: To examine the effects of ethanol-induced
proteasome inhibition, and the effects of proteasome
inhibition in the regulation of epigenetic mechanisms.

METHODS: Rats were fed ethanol for 1 mo using the
Tsukamoto-French model and were compared to rats
given the proteasome inhibitor PS-341 (Bortezomib,
Velcade™) by intraperitoneal injection. Microarray
analysis and real time PCR were performed and
proteasome activity assays and Western blot analysis
were performed using isolated nuclei.

RESULTS: Chronic ethanol feeding caused a significant
inhibition of the ubiquitin proteasome pathway in
the nucleus, which led to changes in the turnover of
transcriptional factors, histone-modifying enzymes,
and, therefore, affected epigenetic mechanisms.
Chronic ethanol feeding was related to an increase
in histone acetylation, and it is hypothesized that
the proteasome proteolytic activity regulated histone
modifications by controlling the stability of histone
modifying enzymes, and, therefore, regulated
the chromatin structure, allowing easy access to
chromatin by RNA polymerase, and, thus, proper gene
expression. Proteasome inhibition by PS-341 increased

histone acetylation similar to chronic ethanol feeding.
In addition, proteasome inhibition caused dramatic
changes in hepatic remethylation reactions as there
was a significant decrease in the enzymes responsible
for the regeneration of S-adenosylmethionine, and,
in particular, a significant decrease in the betaine-
homocysteine methyltransferase enzyme. This
suggested that hypomethylation was associated with
proteasome inhibition, as indicated by the decrease in
histone methylation.

CONCLUSION: The role of proteasome inhibition in
regulating epigenetic mechanisms, and its link to liver
injury in alcoholic liver disease, is thus a promising
approach to study liver injury due to chronic ethanol
consumption.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

A growing body of evidence indicates that specific
histone modifications and modifying enzymes play
essential roles in both global and tissue-specific
chromatin organizationm. Histone modifications, such
as acetylation and methylation, play important roles in
the regulation of gene expression, and impact many
fundamental biological processes (i.e. in the cell cycle
and cell proliferation). These modifications represent the
inheritable epigenetic memory, which is transmitted with
high fidelity to future cell generations.

Acetylation of histones is a major factor in
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the regulation of chromatin remodeling and gene
transcription. A sophisticated orchestra of proteins,
such as histone acetyltransferases [HATS, gene activation
(acetylation)], and histone deacetylases (HDACs), are
required to regulate epigenetic mechanisms®. Acetylation
of histone and non-histone protein is thus emerging as a
central process in transcriptional activation, since nuclear
HATS act as transcription co-activators, which have
been shown to acetylate different transcriptions (i.e. p53,
B-catenin, MyoD, SREBP-1)".

Alcohol consumption affects epigenetic mechanisms,
and causes an increase in histone lysine acetylation, which
has been associated with an increase in gene expression
that may contribute to uncontrolled transcriptionm.
These modifications are the results of changes in
the activities of specific modifying enzymes that play
essential roles in chromatin structure and specific gene
expression. It has previously been shown that chronic
ethanol feeding affects epigenetic mechanisms by
causing an increase in the stability of histone-modifying
enzymes, and thus, in histone modifications™”. However,
little is known about the mechanisms that control the
life span of histone-modifying enzymes. For example,
the consequence of proteasome inhibition in the
nucleus, and its effects on epigenetic mechanisms, have
not yet been investigated, and there is very little evidence
on proteasome involvement in the turnover of the
transcriptional factor and histone-modifying enzymes
that regulate epigenetic mechanisms.

Our hypothesis is that proteasome inhibition,
induced by ethanol feeding, is associated with histone
modification, and is involved in the regulation of
histone-modifying enzymes, such as the HAT p300.

The present study demonstrates the role of
proteasome activity in epigenetic mechanisms, which
significantly contribute to liver injury due to chronic
ethanol feeding. Proteasome proteolytic activity regulates
histone modifications by regulating the recruitment and
stability of histone-modifying enzymes in the nucleus,
and, therefore, regulates the chromatin structure,
allowing easy access to chromatin by RNA polymerase
and enhanced gene expression. The proteasome activity
is also believed” to be critical for the expression of
certain genes, such as those of the enzymes responsible
for hepatic transmethylation reactions. In this study,
microarray analysis showed up-regulation and down-
regulation of a large number of genes, indicating that
proteasome activity is essential for up-regulation, as
well as down-regulation of specific gene expression.
Proteasome inhibition caused a decrease in the gene
expression of several enzymes involved in methionine
metabolism, particularly betaine-homocysteine
methyltransferase (BHMT), which was significantly
down-regulated when the proteasome was inhibited'”.
These results indicated that DNA and histone
methylation, which play important roles in the regulation
of gene silencing, may be affected by proteasome
inhibition, and, therefore, may impact many fundamental
biological processes.

Previous reports have shown that gene expression

changes were numerous at high levels of ethanol, when
compared to their pair-fed controls. 1300 genes were
changed[&m]. Similarly, a preliminary microarray analysis
of the livers of rats given the proteasome inhibitor
PS-341, has shown marked changes in gene expression.
Thus, a question arose: which mechanism is involved
in this large number of gene expression changes? We
believe that this mechanism is epigenetic in nature.

We believe that these modifications in gene
expression are the result of a decrease in the activity
of the proteasome in the nucleus, which would, for
instance, increase the p300 HAT level and activity. Since
p300 is responsible for a broad range of gene regulation,
the activation of p300 acetylation in histones will
increase and activate the expression of a large number
of genes in a nonspecific and reversible manner.

The role of the proteasome in regulating histone
methylation is also critical because the expression
of several genes was changed when the proteasome
was inhibited. We have previously demonstrated that
proteasome inhibition causes a downregulation in the
expression of several genes[gl, particularly the gene
involved in the remethylation pathway. The study of this
remethylation, particularly, the reactional mechanism that
regenerates S-adenosylmethionine (SAMe), the major
methyl donor, is essential because this is the system
that transfers the methyl group to DNA, histones and
non-histone proteins zia the methyltransferases, such as
glycine N-methyltransferase (GNMT).

In this study, BHMT gene expression was markedly
decreased by proteasome inhibition. BHMT is an
essential enzyme in the remethylation pathway, and is
involved in the recovery of SAMe. Betaine, a choline
derivative which has been used clinically to treat, with
some success, patients with methylenetetrahydrofo-
late reductase deficiency'"'?, acts as a substrate for
BHMT, and serves as an alternative methyl donor
for remethylation of homocysteine in the liver and
kidneymj. Therefore, betaine supplementation may cover
the down-regulation of gene expression induced by
proteasome inhibition, and correct the deregulation of
hepatic transmethylation reactions due to the proteasome
inhibition-induced decrease in BHMT activity.

MATERIALS AND METHODS

Animals

Male Wistar rats (Hatleco, Hollister, CA, USA), weighing
250-300 g, were fed ethanol using the Tsukamoto-
French intragastric model"*". PS-341 was administered
intraperitoneally, 24 h before sacrifice"™". The rats were
maintained according to the Guidelines of Animal Care,
as described by the National Academy of Sciences and
published by the National Institute of Health (1990).

Nuclei isolation

Histones were isolated from the nuclei, according to
the method of Umlauf ez a/'®. Liver tissues, frozen
in isopentane and immersed in liquid nitrogen, were
homogenized in a Dounce homogenizer with 10 strokes.
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Homogenates were centrifuged for 10 min at 6000 X g.
Pellets were resuspended, placed on ice for 10 min, and
then centrifuged for 20 min at 9000 X g on a sucrose
cushion. The pellets contained the nuclei. Histones
were isolated from the nuclei, according to the method
of Shechter et a/'”. Tsolated nuclei were mixed with
0.2 mol/L H2SO4, and incubated on a rotator for 30 min
at 4°C. Samples were spun in a microcentrifuge at 16 000
X g, for 10 min. Dissolved histones in the supernatant
were precipitated with 33% TCA. After acetone wash,
histones were dissolved in an appropriate buffer, and
further analyses were carried out.

Proteasome chymotrypsin-like activity assay

Nuclei were isolated as mentioned above, and 1 pg of
total protein was used. The reaction mixture contained
50 mmol/L Tris—HCI pH 8, 1 mmol/L DTT, and
40 pmol/L Suc-LLVY-AMC substrate for chymotrypsin-
like activity. The mixture was incubated for 30 min at
37°C, and the reaction was then stopped by adding
100 pmol/L monochloroacetate and 30 mmol/L
sodium acetate (pH 4.3). Fluorescence was determined
by measuring the release of AMC (A excitation:
370 nm, A emission: 430 nm) using a Perkin Elmer LS
30 spectrofluorometer.

Western blot analysis

Proteins (50 pg) from isolated nuclei or isolated histones
were separated by SDS-PAGE, and transferred to a
PVDF membrane (Bio-Rad, Hercules, CA, USA) for 1 h
in 25 mmol/L Tris-HCl (pH 8.3), 192 mmol/L glycine
and 20% methanol. The membranes were stained using
primary antibodies to the antigens. The appropriate
species anti-polyclonal and anti-monoclonal HRP-
conjugated antibodies were used as secondary antibodies.
The membranes were subjected to chemiluminescence
detection using luminal, according to the manufacturer’s
instructions (Amersham Pharmacia Biotech, Piscataway,

NJ, USA).

Microarray analysis

Fast frozen rat liver tissue was subjected to microarray
analysis. Total liver RNAs were extracted with
UltraspecTM RNA Isolation Systemic (Biotecx
Laboratories, Houston, TX, USA), and cleaned with
Rneasy columns (Qiagen, Valencia, CA, USA). Five
micrograms of total RNA were used for preparing
biotin-labeled cRNA. Labeled and fragmented cRNA
was subsequently hybridized to Mouse Genome 430
2.0 Array (Affymetrix, Santa Clara, CA, USA). Labeling,
hybridization, image scanning, and initial data analysis
were performed at the Microarray Core at Los Angeles
Biomedical Research Institute. Sample preparation and
loading, hybridization, staining, and microarray data
analysis were then performed'”.

Quantitative RT-PCR
Total liver RN As were extracted with Trizol Plus
RNA Purification Kit (Invitrogen, Carlsbad, CA,

p300  XM_576312 Forward 5GAGGTCACTGTTCGGGTTGTTC
p300  XM_576312 Reverse S5TGGTTCGATATGGAAAAGATTCTG
BHMT NM_030850 Forward 5GGGCAGAAGGTCAATGAAGCT
BHMT NM_030850 Reverse 5ACCAATGCATCCCCTTCGT

USA). Synthesis of cDNAs was performed with 5
ug total RNA, and 50 ng random hexamer primers
using SuperScriptlIl RNase H-Reverse Transcriptase
(Invitrogen). PCR primers were designed using the
Primer Express software (Applied Biosystems, Foster
City, CA, USA). The primers for rat p300 are shown in
Table 1.

Quantitative PCR was achieved using the SYBR
Green JumpStartTM (Applied Biosystems). Thermal
cycling consisted of an initial step at 50°C for 2 min,
followed by a denaturation step at 95C for 10 min,
and then 40 cycles at 95C for 15 s and 60°C for
1 min. A single PCR product was confirmed with the
heat dissociation protocol at the end of the PCR cycles.
Each data point was repeated three times.

Sense and anti-sense: quantitative PCR was achieved
using the SYBR Green JumpStart™ Tag ReadyMix
(Sigma, St. Louis, MO, USA) on an ABI PRISM 7700
Sequence Detector System (Applied Biosystems). The
thermal cycling consisted of an initial step at 50°C for
2 min, followed by a denaturation step at 95C for 10
min, then 40 cycles at 95°C for 15 s and 60°C for 1 min.
A single PCR product was confirmed with the heat
dissociation protocol at the end of the PCR cycles.
Quantitative values were obtained from the threshold
PCR cycle number (Ct) at which point the increase in
signal associated with an exponential growth for the PCR
product was detected. The target mRNA abundance in
each sample was normalized to its 18S level as ACt =
Ctuarger gene-Ctuss. For each target gene, the highest ACt was
assigned as ACtmax.

Statistical analysis

Data were obtained from at least three animals in
each group. Bars represent mean * SE. P values were
determined by one-way ANOVA and Student-Newman
Keuls for multiple group comparisons (Sigma-Stat
software, San Francisco, CA, USA). P < 0.05 was used
to establish significant differences. Correlation of data
was done by linear regression analysis using Pearson’s
period momentum method.

RESULTS

Microarray analysis of liver samples from rats fed
ethanol showed that a large number of genes (about
1300) were up-regulated and down-regulated due to
chronic ethanol feeding[g]. Microarray analyses of liver
samples from rats given PS-341 (Bortezomib, Velcade®)
also showed dramatic changes in gene expression
(about 2082 genes changed) affecting several functional
pathways (Figure 1).
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Figure 1 Kegg functional pathway changes in gene expression induced by proteasome inhibition. Both ethanol feeding and proteasome inhibition affected

almost all pathways.
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Figure 2 Nuclear proteasome chymotrypsin-like activity. 20S
proteasome chymotrypsin-like activity was measured in isolated nuclei from the
liver of rats fed ethanol chronically and from the liver of rats given PS-341.

The present study was based on the observation
that the inhibition of proteasome, caused by chronic
ethanol feeding, participated in the development of
liver injury due to ethanol by altering the mechanisms
through which normal epigenetic regulation occurs. The
consequence of this was a marked change in the gene
expression of several functional pathways in liver cells
(Figure 1).

Data mining and gene specific pathway clustering
showed that, similar to ethanol feeding, several
transcriptional factors, such as cell cycle, histone
modifying enzymes, and the remethylation pathway,
were significantly changed by proteasome inhibition.
Proteasome inhibition by PS-341 thus proved to be
a powerful tool to investigate the role of proteasome
activity in epigenetic mechanisms.

To verify the hypothesis that gene expression
changes are regulated by nuclear proteasome activity,
where inhibition is caused by chronic ethanol feeding™,
proteasome activity was measured in isolated nuclei

from the liver of rats fed ethanol chronically, and from
the liver of rats given PS-341. Figure 2 shows that
chronic ethanol feeding caused a significant decrease in
proteasome chymotrypsin-like activity in isolated liver
nuclei.

To further investigate the role of proteasome activity
in regulating epigenetic mechanisms, histone acetylation
was analyzed in the liver of rats given PS-341, and
compared to histone acetylation in the liver of rats fed
ethanol chronically. Figure 3A shows that acetylated
histone 3 lysine 9 (AcH3K9) was increased in the liver
of rats fed ethanol, and that acetylated histone 3 lysine
27 (AcH3K27) was increased in the liver of rats given
PS-341 (Figure 3B).

Increased acetylation was concomitant with an
increase in the level of HAT p300, which was linked to
significant proteasome inhibition shown in the liver of
rats fed ethanol chronically (Figure 3D), and in the liver
of rats given PS-341 (Figure 3C). P300 was increased in
the ethanol-isolated nuclear extract, which confirmed a
previous report’”. It is now well established that ethanol
feeding increases histone acetylation[4’5], which correlates
with an increase in the acetyltransferase CBP/p300, and
a decrease in Sirt] activity™", Under our experimental
conditions, Sirtl gene expression and protein level were
up-regulated®, or showed no significant changes'.
However, the activity of the enzyme may be decreased
due to the low level of NAD+, a Sirtl cofactor’™.

The increased level of histone acetylation
substantiated the increase in p300 activity in the liver
of rats fed ethanol. In addition, proteasome inhibition
by PS-341 caused a significant increase in histone
acetylation, which substantiated our hypothesis that

www.wjgnet.com



Oliva ] et al. Proteasome inhibition and epigenetic mechanisms

A Histone 3 K9 acetylation
n=3 P=0.04

25 Control BtOH

Densitometric Unit
—_
o

5
0
Control Ethanol
C p300 level in the liver of rats fed ethanol
14 - Control BtOH
— P =0.015

o 12 m
5 10
Q
5 8
g
S 6
% 4
[
o 2

0

Ethanol

Control

709
B Histone 3 K27 acetylation
n=3 P=0.005
12 [ Control PS-341

£ 10 [
S
o 8
g 6
S 4
wn
§ 2

0

Control PS-341
p300 expression
351
3

2825
35 2
g§15
g 4
E3

0.5

0

PS-341

Control

Figure 3 Role of proteasome inhibition in histone acetylation. A: Proteasome inhibition caused a significant increase in histone acetylation as shown in the liver
nuclear extracts of rats fed ethanol and in the liver nuclear extracts of rats given PS-341(B). C: p300 protein level was increased in the nuclear extract from the livers
of rats fed ethanol chronically, and in the liver nuclear extracts of rats given PS-341, as shown by real time PCR (D), P = 0.003. (mean + SE, n = 3).

ethanol induced-histone acetylation is associated with
proteasome inhibition. The level of p300 was increased
in the nucleus when ethanol was fed chronically, and may
also have accumulated due to proteasome proteolysis
slowdown in the nucleus.

Proteasome activity has also been found to be
involved in the regulation of remethylation enzyme gene
expression, thus affecting DNA and histone methylation
when it is inhibited. Microarray data mining showed a
down-regulation in gene expression of the remethylation
enzymes when the proteasome was inhibited (Figure 4A),
especially BHMT, which reconstitutes methionine, the
major element in the methylation pathway (Figure 4B).
Matla, Adm (S-adenosylmethionine decarboxylase), and
Ahcy (S-adenosylhomocysteine hydrolase) were also
down-regulated by proteasome inhibition (Figure 4A),
indicating the role of proteasome activity in the
methionine-metabolizing enzymes system. Figure
4C shows that proteasome inhibition significantly
decreased the protein level of BHMT in the liver
of rats given PS-341, and, to a lower extent, in rats
subjected to chronic ethanol feeding. These findings
demonstrated the role of the proteasome in regulating
gene expression in the remethylation pathway, and the
role of proteasome activity in the cellular remethylation
pathway. Western blot analysis showed a significant
decrease in H3K9 dimethylation in the liver of rats given
PS-341. A decrease in H3K9 dimethylation (Figure 4D)
was also observed in ethanol-treated cells™, suggesting
similar effects of proteasome inhibition and ethanol
feeding. These results showed for the first time the role
of proteasome activity in regulating the mechanisms of
cellular remethylation, and is a promising approach in
chemotherapy regimens which use proteasome inhibitor
as an anti tumor drug,

DISCUSSION

Several studies have shown that the inhibition of the
ubiquitin-proteasome pathway is a pathobiological
mechanism associated with the development of liver
disease, especially alcoholic liver disease™". We believe
that ethanol-induced inhibition of proteasome activity
may play a significant role in the deregulation of
epigenetic mechanisms and the mechanism related to
liver injury in alcoholic liver disease (ALD).

Many cellular signaling pathways are controlled
by selective proteolysis of key regulatory proteins via
the ubiquitin-proteasome system'™'**’, Proteasome is
involved in RNA polymerase II degradation™, which is
a key step in controlling the transcriptional mechanism,
preventing uncontrolled transcription that may occur
when ethanol metabolism generates oxidative stress,
which causes DNA damage™. Reports have shown that
proteasome dysfunction leads to apoptotic death of
hepatocytes and sensitization to tumor necrosis factor
(ITNF) cytotoxicity, leading to direct hepatic injury[25].
Although it is now evident that inhibition of cytoplasmic
proteasome function is consistently shown in ALD
models, the way in which proteasome dysfunction may
enhance hepatotoxicity is not well defined. In addition,
the effects of ethanol feeding on the activity of nuclear
proteasome and the consequences of proteasome
inhibition on changes in epigenetic mechanisms have not
yet been demonstrated. Most importantly, our previous
investigations have repeatedly shown that chronic
ethanol feeding causes significant proteasome inhibition
in the cell™, The ubiquitin-proteasome pathway is
the cellular proteolytic pathway dedicated to controlling
protein stability, and understanding the link between
the ubiquitin-proteasome pathway and the histone-
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Figure 4 Role of proteasome inhibition in the remethylation pathway. A: Proteasome inhibition by PS-341 (PS) markedly decreased BHMT gene expression;
B: Real time PCR analysis of BHMT expression; C: Western blot analysis of BHMT level in the liver of rats fed ethanol chronically and the liver of rats given PS-341.
Note that the BHMT level was significantly reduced in the liver of rats treated with PS-341; D: Proteasome inhibition caused a decrease in histone methylation.

modifying machinery will define the link between
proteasome proteolytic activity, epigenetic mechanisms,
and the effect of toxic substances, such as ethanol and
its metabolism generated end products, in the regulation
and control of epigenetic mechanisms.

As predicted, our results showed an increase in
acetylation of H3K9 in the liver nuclear extracts of rats
fed ethanol chronically. This increase was associated
with an increase in HAT p300, which confirmed a
previous reportm. In addition, p300 activation and
histone acetylation were also obtained when proteasome
activity was inhibited using PS-341, which supported the
role of proteasome activity in regulating the stability of
p300 in the nucleus and therefore supported the role of
proteasome in regulating the acetylation mechanisms
and thus gene expression. These results corroborate
the findings of Marcu ez al™ which showed that p300
is a proteasome substrate, and that p300 is accumulated
when the proteasome is inhibited.

The modification of histones mirrors the sophisticated
protein machinery that controls gene expression and
regulates transcription. Therefore, it would be naive to
suggest that, for instance, only H3K9 acetylation explained
all the changes in the observed gene expression'". The
balance between all histone lysine residue modifications
accounted for the pattern of gene expression and further
histone modifications are certainly involved in defining
specific gene expression.

Histone methylation also plays a critical role in
regulating gene expression and transcription. The
cellular remethylation pathway is the major player in
the methylation mechanism, because it produces the
methyl donor SAMe. It is well known that chronic
ethanol ingestion causes a serious deregulation of this
pathway. Methionine adenosyltransferase 1-alpha, which

is responsible for the conversion of methionine to
SAMe, is decreased in the liver of rats fed ethanol™.
Since SAMe is thus decreased, the level of DNA and
protein methylation is decreased”™, and the level of
homocysteine is increased”. The ratio SAMe/SAH
(S-adenosylhomocysteine) is critical in the cell because it
controls most of the methyltransferase activity. BHMT,
which hydrolyzes betaine, helps remove SAH and
homocysteine with subsequent regeneration of the methyl
group and a reduction in the level of SAH. Our results
show that BHMT was significantly down-regulated when
the proteasome activity was inhibited, either by chronic
ethanol feeding or by treatment with a proteasome
inhibitot. In addition, there was a decrease in histone
methylation, reflecting the role of proteasome activity in
regulating the methylation mechanisms in the liver cell.
Proteasome inhibition plays a critical role in regulating
the gene expression of key enzymes in the remethylation
pathway, such as BHMT.

COMMENTS

Background

Alcohol ingestion causes alterations in several cellular mechanisms, and leads
to inflammation, apoptosis, and fibrosis. These phenomena are associated with
significant changes in epigenetic mechanisms and with a subsequent liver cell
memory. The ubiquitin-proteasome pathway is a vital cellular pathway which
undergoes dysfunction due to chronic ethanol consumption.

Research frontiers

Although inhibition of proteasome function has been widely reported in models
of alcoholic liver disease (ALD), why proteasome dysfunction may enhance
hepatotoxicity is not well defined. In addition, there is no evidence of the effect
of ethanol feeding on the activity of nuclear proteasome and the consequences
of proteasome inhibition in epigenetic mechanisms and DNA repair.
Innovations and breakthroughs

The present study focused on the role of proteasome activity in gene expression
and the effects of proteasome inhibition in changing epigenetic mechanisms.
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The model used to study the consequences of proteasome inhibition due to
chronic intragastric tube ethanol administration was proteasome inhibition by
PS-341, a dipeptide boronic acid currently used in clinical trials as an anti tumor
drug, and is associated with profound side effects. Inhibition of proteasome
activity occurred in the nucleus of liver cells taken from rats fed ethanol
chronically and from rats given PS-341. This inhibition caused changes in the
turnover of transcriptional factors, histone modifying enzymes, and, therefore,
affected epigenetic mechanisms. Histone acetylation was increased following
both treatments and gene expression was changed. Identification of DNA and
histone modifications was critical in regulating gene expression, especially
genes involved in the cell cycle and apoptosis, and those involved in the
metabolism of ethanol. In addition, proteasome inhibition has been shown to
significantly affect the hepatic remethylation pathway. In particular, proteasome
inhibition caused a decrease in gene expression of the enzyme betaine-
homocysteine methyltransferase (BHMT), which is involved in the recovery of
s-adenosylmethionine (SAMe). Histone methylation was also decreased when
the proteasome was inhibited suggesting that hypomethylation was associated
with the decrease in proteasome activity.

Applications

The phenomenon of hypomethylation is currently corrected by diet
supplementation with a methyl donor (betaine) to redirect methionine/
homocysteine metabolism toward recovery of methionine, and SAMe
regeneration.

Terminology

Chronic ethanol feeding causes proteasome inhibition, which leads to cellular
dysfunction including the accumulation of damaged proteins which form Mallory
bodies in the liver of severe alcoholic patients, immune response deficiency, cell
cycle deregulation and incorrect gene expression. The mechanism of incorrect
gene expression was the focus of this study, particularly the consequences of
ethanol induced-proteasome inhibition in the nucleus and the role played by
proteasome in regulating epigenetic mechanisms.

Peer review

The impact of this study is great because when epigenetic mechanisms
associated with proteasome inhibition are fully identified, a therapeutic
approach will be initiated to counteract the ethanol induced-epigenetic changes,
and prevent any cellular memory for future cell generations.
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Abstract

AIM: To investigate the efficacy and toxicity of
systemic chemotherapy in a retrospective study of
patients with hepatocellular carcinoma (HCC) occurring
in normal or fibrotic liver without cirrhosis.

METHODS: Twenty-four patients with metastatic or
locally advanced HCC in a normal or a fibrotic liver
were given systemic chemotherapy (epirubicin, cis-
platin and 5-fluorouracil or epirubicin, cisplatin and
capecitabine regimens). Tumor response, time to pro-
gression, survival, and toxicity were evaluated.

RESULTS: There were 7 women and 17 men, mean
age 54 %= 10 years; 18 patients had a normal liver and
6 had a fibrotic liver (F1/F2 on biopsy). Mean tumor
size was 14 cm, 5 patients had portal vein thrombosis
and 7 had metastasis. Patients received a median of 4
chemotherapy sessions. Overall tolerance was good.
There were 5 partial responses (objective response rate
= 22%), and tumor control rate was 52%. Second line
surgical resection was possible in two patients. Median
survival was 11 mo, and 1- and 2-year overall survival
rates were 50% + 10% and 32% % 11%, respectively.

CONCLUSION: In patients with HCC in a non-cirrhotic

liver, chemotherapy was well tolerated and associated
with an objective response rate of 22%, including two
patients who underwent secondary surgical resection.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the most frequent
primary liver cancer, the fifth most common malighancy
wotldwide, and the third most common cause of cancer
deaths'". Unfortunately, most patients are seen when the
disease has reached a stage beyond curative treatment
(surgery or percutaneous ablation), leaving palliative
care as the only alternative. Based on the Barcelona-
Clinic Liver Cancer (BCLC) staging classification and
treatment schedule, chemoembolization is the best option
for intermediate stage patients, while for advanced stage
patients, no standard treatment was established until
2007. Fortunately, after the positive results of the SHARP
trial”) 2 new treatment, sorafenib, was approved for
advanced stage patients because of major improvements
in overall survival and time to progression in comparison
with placebo. In contrast to studies of most other
malignancies, the efficacy of systemic chemotherapy has
never been demonstrated in HCC. Despite the lack of
demonstrated efficacy, doxorubicin is accepted by some
physicians as a possible treatment for advanced HCC. In
some recent trials using doxorubicin as a control arm,
the investigational arms, a combination of platinum,
doxorubicin, 5-fluorouracil and interferon in one trial”™
ot nolatrexed™, a novel thymidylate synthase inhibitor
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in another trial, did not demonstrate any advantage
or were associated with worse overall survival than
doxorubicin alone. In one trial, this could have been partly
due to toxicity, particularly because of hepatitis B virus
reactivation”. Most likely, systemic chemotherapy lacks
efficacy because of the frequently observed multidrug
tumor resistance” " (P-glycoprotein overexpression, p53
gene mutations), although greater drug toxicity related
to the underlying cirrhosis might certainly have had an
effect. In a search for clues to resolve this question, we
retrospectively analyzed our records of cirrhosis-free HCC
patients who received a standard chemotherapy regimen
{ECF [epitubicin, cisplatin (CDDP) and 5-fluorouracil
(5FU)" or ECC (epirubicin, CDDP and capecitabine)"’}.
Our goal was to determine whether chemotherapy was
more effective in these patients than in HCC patients with
cirrhosis.

MATERIALS AND METHODS

Between July 1999 and June 2006, we delivered standard
chemotherapy regimens to 30 patients with HCC oc-
curring in a non-cirrhotic liver. There was no indication
for curative surgery or palliative treatment in these pa-
tients who had good performance status (ECOG PS 0
or 1), preserved liver function, normal blood cell counts
(neutrophils > 15000/mm”, platelets > 100 % 10°/L),
normal renal function (serum creatinine < 110 prnol/ L),
and a measurable tumor target. Biopsy specimens, from
the tumor and unaffected liver tissue, provided the di-
agnosis of HCC in non-cirrhotic liver in all 30 patients.
None had a fibrolamellar cancer. The diagnosis of a
normal liver was, however, less than certain in one pa-
tient since tumor cells had invaded most of the “normal
liver” biopsy specimen. Five of the 30 patients had re-
ceived a chemotherapy regimen other than ECF or ECC:
capecitabine plus oxaliplatin (# = 3), and gemcitabine
plus oxaliplatin (z = 2). Excluding these 6 patients, we
thus retrospectively analyzed the records of 24 patients
who received an ECF or ECC regimen for HCC occur-
ring in a non-cirrhotic liver (normal liver or F1-F2 fibro-
sis); the ECF regimen was given from 1999 to 2002 and
then we used the ECC regimen, which was much more
convenient because it could be given orally.

The ECF treatment schedule was: epirubicin 60 mg/ m’
on day 1, CDDP 50 mg/m” on day 1, and 5FU 200 mg/m”
administered in a continuous infusion from day 1 to day
21; in the ECC regimen, 5FU was replaced by capecitabine
1000 mg/ m” twice a day from day 1 to day 14 followed by
a 7-d off period. Courses were repeated every 21 d.

Tumor response was assessed with computed
tomography performed before treatment onset and then
every 9 wk (three chemotherapy courses). The tumor
response (World Health Organization criteria) was
considered as complete in the case of total disappearance
of all tumors with normalization of a-fetoprotein (AFP)
level, as partial for a decrease of tumor size less than 50%,
and as stable disease with absence of progression and a
decrease in tumor size less than 50%. Progression was
an increase in tumor size greater than 25%. An objective

response was defined by achievement of a complete or
partial response. Patient tolerance was assessed using
NCI-CTC AE version 2.0. In some patients with an
excellent general status, second line therapy was proposed
in the event of disease progression. Patient survival could
be precisely evaluated for all patients and was calculated
using the Kaplan-Meier method. The cause of death was
recorded when available.

RESULTS

The ECF protocol was given to 10 patients, and the
ECC protocol to 14. There was no difference in disease
status between these two groups. The population was
composed of 17 men and 7 women, mean age 54.3 *
10.7 years (range: 23-77 years). The liver tumors were
revealed in all patients by tumor-related complications
(pain, fever, constitutional syndrome). The tumor
developed in a non-cirrhotic liver in 18 patients and in a
fibrotic liver in 6 (classified as F1 or F2). The etiological
investigation revealed that 6 patients drank more than 4
units of alcohol per day, one had serological markers of
hepatitis C, 2 had steatosis and were overweight, and one
had genetic hemochromatosis treated by phlebotomy
and was without iron liver overload on liver biopsy;
no contributory factor was recognized in 14 patients.
Among the 6 patients with minor fibrosis, 3 were
drinkers, one had hepatitis C virus infection, one had
genetic hemochromatosis and one had steatosis.

There was a unique tumor in 14 patients, 2-4 lesions
in 6 and multiple or diffuse tumors in 4. Mean tumor
size was huge: 14 = 7 cm (range: 6-29 cm). Portal vein
thrombosis was found in 5 patients and metastases in
7 (bones, lungs, lymph nodes). In the BCLC staging, all
these patients could be classified as having an “advanced
HCC”, and in cases of unique tumor, tumor size was
> 75% of the liver volume and surgery or transarterial
chemoembolization could not be considered. Following
Child-Pugh classification, and despite the absence of
cirrhosis, all these patients were considered as Child class
A and, using the CLIP system, 8 patients had 4 points,
10 had 3 points, 5 had 2 points and only one had 1 point
(but this patient was metastatic).

None of these patients had previously received
treatment for HCC. The patients received from one to
12 courses of the ECF/ECC regimen (median = 4).
As the best response, 5 patients had a partial response
(objective response rate 22%; 95% CI: 6-38%), 8 patients
had stable disease (30%) and 11 had tumor progression;
the disease control rate was then 52%. The median
time to progression was 6 mo. At the cut-off date of
March 15, 2007, 18 patients had died due to progression
of their tumor and 6 patients were still alive; median
survival time was 11 mo (range 3-90 mo). Actuarial
overall survival rates (mean * SD) at 6 mo, 1 year and
2 years were 71% £ 9%, 50% £ 10% and 32% £ 11%,
respectively (Figure 1). The 5 patients with an objective
response achieved prolonged survival: 3 died 13, 27 and
48 mo after treatment onset and 2 were still alive at the
cut-off date. Surgical resection was undertaken in one
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Figure 1 Overall survival in the population of 24 HCC patients with non-
cirrhotic liver treated by an ECC/ECF regimen.

patient 10 mo after treatment onset as a result of an
objective response. This patient was alive at 90 mo with
progression (the same chemotherapy was successfully
resumed; she was subsequently treated with sorafenib).
The other prolonged survivor had a 22-cm tumor; she
underwent surgical resection when a minor response was
observed after 9 courses of ECC. She was still alive and
disease-free 36 mo after surgery. Initially, these 2 patients
had a unique tumor involving more than 75% of the
liver without portal vein thrombosis or extrahepatic
metastases; both had an AFP level above 500 ng/ml;
they were considered as CLIP 3.

Toxicity was graded using NCI-CTC criteria version
2.0. The main toxic effects are summarized in Table 1.
Overall tolerance was good. Signs of grade 3-4 toxicity
developed in 7 patients (29%), neutropenia in 4 (no
cases of febrile neutropenia), gastrointestinal disorders
(nausea, vomiting) in 2; one patient died suddenly after
the first cycle and one presented with mild thoracic pain
assumed to be related to 5SFU. Among the other patients,
8 developed alopecia and renal function worsened in
one, leading to discontinuation of the treatment.

DISCUSSION

Despite the lack of proof of efficacy, doxorubicin
is commonly used as a first line therapy for HCC.
Recent randomized studies with doxorubicin™" have
confirmed the minimal efficacy of this drug in HCC.
Results obtained in phase II studies with different
regimens using new cytotoxic drugs have not been very
impressive. Thus, systemic chemotherapy cannot be
considered as the standard of care for HCC patients.
This situation could be related to a combination of poor
efficacy and increased toxicity. Poor efficacy might result
from intrinsic resistance caused by overexpression of
multidrug resistance genes observed in most tumorts.
Obviously the underlying liver cirrhosis increases the
risk of severe adverse events as many chemotherapeutic
drugs are metabolized or eliminated via the liver.
Moreover severe complications are certainly more likely
if a cytotoxicity-related side effect occurs on a cirrhotic
liver. Certain causes of the underlying cirrhosis, e.g.

Adverse effets Grade 1-2 Grade 3-4 (%)

Alopecia 8 =
Neutropenia 4 4 (17)
Mucositis 4 0
Diarrhea 2 0
Renal failure 1 0
Asthenia 2 0
Hand-foot syndrome 5 0
Nausea, vomiting 12 24)
Anemia 2 0
Coronary spasm 0 1

Percentages not given in this column

One patient died suddenly during the first course of chemotherapy.

hepatitis B virus infection", may be reactivated after

chemotherapy-induced immunodepression, producing
an additive toxic effect.

In this particular retrospective seties of HCC developed
in normal or fibrotic livers, we attempted to estimate
the raw efficacy and toxicity of systemic chemotherapy,
regardless of liver status. The objective response rate in
these patients given the ECF/ECC regimen was 22%,
with a disease control rate (objective response plus stable
disease) of 52%. The median time to progression was
6 mo, that is to say, quite similar to that observed using
sorafenib”, In addition, despite the fact that most tumors
were huge, the reduction in tumor size was sufficient
to allow surgical resection in 2 patients having only one
huge tumor. Toxicity was mild and most side effects
were manageable; one patient died suddenly between
two courses. These two regimens (ECF and ECC) are
very similar: capecitabine is the oral form of 5FU and,
in a randomized 2 X 2 study conducted in advanced
esophagogastric cancers'"’
demonstrated to be effective. Such results with objective
response rates approaching 20% have been reported in
some other phase II studies*", including patients with
or without cirrhosis: a similar ECC regimen gave, in a
Korean series of 29 patients, an objective response rate
of 24%". Similar findings have been reported with the
PIAF regimen (combination of CDDP, doxorubicin, 5SFU
and interferon)m, where, in a series of 50 patients, 26%
had a partial response including 9 who underwent surgical
resection, and in 4, there were no viable cancer cells on
resected specimens. Unfortunately, this did not translate
into any difference in overall survival versus doxorubicin
alone in a randomized phase Il trial despite the fact that
less than half of the patients had underlying cirrhosis
(but 17% of the patients had Child B class cirrhosis). The
response rate of 22% we have observed in this series is a
little bit higher than that observed in a retrospective series
of 21 patients we have previously published"” (16 having
underlying cirrhosis). Comparing the results of these
two seties, we suggest that efficacy was better in the non-
cirrhotic group. In our first series of 21 HCC patients we
observed 3 responders (objective response rate of 14.5%)

| these two regimens were
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including one non-cirrhotic patient (among cirrhotic
patients, 2/16 were responders); median survival was
10 mo and surgery was possible in one patient. Toxicity
appeatred to be more frequent in the whole population,
as we described 18 cases of grade 3-4 toxicities versus
7 cases in the current 24 non-cirrhotic patients. This
might suggest that an ECF/ECC chemotherapy tegimen
(particularly the ECC regimen which is more convenient,
especially in cirrhotic patients) could be delivered to
non-cirrhotic patients with a hope of the possibility of
secondary resection.

As a result of the recent SHARP trial, which demon-
strated the efficacy of sorafenib in advanced-stage

HCC, sorafenib is now the new standard of catre in that

setting. Combinations of sorafenib plus doxorubicin™

seemed to be well tolerated and have yielded promising
results in a randomized phase Il trial. A combination of
sorafenib with the ECC regimen deserves a phase II trial
particularly in patients with HCC in a non-cirrhotic liver.

COMMENTS

Background
Systemic chemotherapy is not usually considered as a standard treatment in
hepatocellular carcinoma (HCC) developed in cirrhotic patients.

Research frontiers
New targeted agents, like sorafenib, are efficient in advanced HCC and could
be associated with systemic chemotherapy.

Innovations and breakthroughs

When systemic chemotherapy is given to patients who develop HCC without
liver cirrhosis, the tolerance and efficacy are better and can allow curative
surgery in some cases.

Applications
In selected cases of HCC without liver cirrhosis, systemic chemotherapy can be
safely given with promising results.

Peer review

The peer reviewer emphasized the differences between these two regimens;
one (ECF) requires a continuous infusion of chemotherapeutic drug (5FU) while
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Abstract

AIM: To assess the value of widely used clinical scores
in the early identification of acute pancreatitis (AP)
patients who are likely to suffer from intra-abdominal
hypertension (IAH) and abdominal compartment
syndrome (ACS).

METHODS: Patients (7 = 44) with AP recruited in this
study were divided into two groups (ACS and non-ACS)
according to intra-abdominal pressure (IAP) determined
by indirect measurement using the transvesical route
via Foley bladder catheter. On admission and at
regular intervals, the severity of the AP and presence
of organ dysfunction were assessed utilizing different
multifactorial prognostic systems: Glasgow-Imrie
score, Acute Physiology and Chronic Health Evaluation
I (APACHE-TI) score, and Multiorgan Dysfunction
Score (MODS). The diagnostic performance of scores
predicting ACS development, cut-off values and
specificity and sensitivity were established using receiver
operating characteristic (ROC) curve analysis.

RESULTS: The incidence of ACS in our study population
was 19.35%. IAP at admission in the ACS group was
22.0 (18.5-25.0) mmHg and 9.25 (3.0-12.4) mmHg
in the non-ACS group (P < 0.01). Univariate statistical
analysis revealed that patients in the ACS group had
significantly higher multifactorial clinical scores (APACHE
I, Glasgow-Imrie and MODS) on admission and higher

maximal scores during hospitalization (P < 0.01). ROC
curve analysis revealed that APACHE 1, Glasgow-Imrie,
and MODS are valuable tools for early prediction of
ACS with high sensitivity and specificity, and that cut-
off values are similar to those used for stratification of
patients with severe acute pancreatitis (SAP).

CONCLUSION: IAH and ACS are rare findings in
patients with mild AP. Based on the results of our study
we recommend measuring the IAP in cases when
patients present with SAP (APACHE 11 > 7; MODS > 2
or Glasgow-Imrie score > 3).

© 2009 The WG Press and Baishideng. All rights reserved.
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INTRODUCTION

Acute pancreatitis (AP) remains a disease with an
unpredictable clinical course, and significant associated
morbidity and mortalitym. Recently, the elevated intra-
abdominal pressure (IAP) following the onset of AP
has attracted growing attention, because it is increasingly
recognized as an important risk factor for mortality
in the eatly phase of the disease”™ . It was shown that
intra-abdominal hypertension (IAH) is associated with
higher mortality and morbidity rates, and prolonged
ICU stay, in comparison to other patients who had
normal TAP®®. TAH has been recognized as a cause
of organ dysfunction in critically ill patients, including
those suffering from severe acute pancreatitis (SAP)” .
Abdominal compartment syndrome (ACS) is defined
as an increase of IAP > 20 mmHg, which is associated
with occurrence of a new organ failure. A previously
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reported incidence of ACS among patients with SAP
ranges from 23% to 56%!""""" The mechanisms
involved in the development of IAH and ACS include
increased capillary permeability, hypoalbuminemia and
volume overload, which produce a large retroperitoneal
and visceral edema®'”.

It has been shown that eartly recognition and treatment
of TAH and ACS result in a significant improvement
in patient survival and decreased morbidity. Due to its
simplicity and minimal cost, the standard for intermittent
IAP measurement is »7a the urinary bladder with a
maximal instillation volume of 25 ml sterile saline!'”.
Compared with bladder pressure measurements, clinical
abdominal assessment showed poor sensitivity (56%)
and accuracy (77%) for identifying elevated TAP", Tt
was shown that the essential approach to diagnosis and
management of ACS is a timely IAP measurement. It
is still not clear whether eatly IAP measurement should
be routine for all AP patients and which patients would
benefit most from the IAP monitoring,

This study aimed to assess the value of Acute
Physiology and Chronic Health Evaluation II (APACHE
II), Multiorgan Dysfunction Score (MODS) and
Glasgow-Imrie clinical scores in early recognition of
patients who are likely to suffer from IAH and ACS,
and who would benefit from IAP monitoring and
management. We also investigated the incidence of ACS,
the role of its interventional management and clinical
outcomes in patients with AP.

MATERIALS AND METHODS
Ethics

This work has been carried out in accordance with the
Declaration of Helsinki (2000) of the World Medical
Association. The Regional Ethics Committee approved
the study (protocols no. BE-2-47 and P1-113/2005) and
all patients provided written informed consent.

Study design and patient population

The study population included 44 patients with AP
admitted to the Department of Surgery, Kaunas
University of Medicine Hospital, from May 2007 to
February 2008. General inclusion criteria were defined
as follows: (1) a time interval between onset of typical
abdominal symptoms and study inclusion of 72 h and
less; (2) at least 3-fold elevated serum amylase or lipase
levels; (3) no previous history of acute or chronic
pancreatitis. On the first day of admission, the severity
of the AP and presence of organ dysfunction were
assessed utilizing three different multifactorial prognostic
systems: Glasgow-Imrie score, APACHE-II score, and
MODS. Later, the severity of disease and clinical status
were repeatedly reassessed using the same prognostic
tools every 7 d, and when the deterioration of clinical
condition occurred and after interventional treatment of
ACS. The contrast-enhanced CT scan was performed on
day 4 to 7 after the onset of disease to demonstrate the
presence of pancreatic necrosis. According to the clinical
course and clinical severity scores (APACHE 1I > 7;

Glasgow-Imrie > 2; MODS > 2; peak C-reactive protein
value > 150 mg/L) patients were stratified into mild and
severe AP groups. The data were prospectively recorded
in a specially created database. All patients were treated
according to our standard AP management protocol
following the recent international guidelines.

Measurement of IAP and clinical assessment of patients
For IAP measurement, we used a standard two-way
16 Fr. Foley catheter inserted into the urinary bladder.
The patient was placed in supine position. Twenty-
five milliliters of 0.9% sterile NaCl were instilled and
the catheter was connected to a tube from the urine
collection bag. The pubic symphysis was considered level
0 and IAP was measutred in cm H2O, then recalculated in
mmHg. IAP was measured every 24 h during a period of
3 d in all patients. For patients that developed IAH (IAP
> 12 mmHg), the conservative treatment (according to
the recommendations of international experts on IAH
and ACS) was initiated and TAP was monitored every
12 h until the normal TAP was reached and sustained
at least for 24 h. In cases when IAH > 18 mmHg was
recorded, IAP was monitored every 4-6 h until TAP
normalized or ACS developed. ACS was defined as an
increase of IAP > 20 mmHg, which is associated with
occurrence of a new organ failure ™',

Statistical analysis

Statistical analysis was performed using SPSS® for
Windows release 16.0 (SPSS, Chicago, IL, USA). The
quantitative variables are presented as mean = SD or
median (with interquartile range). For comparison
between groups, the Mann-Whitney test, Student’s 7 test or
y” test was employed where appropriate. The diagnostic
performance of scores predicting ACS development, cut-
off values and specificity and sensitivity of prognostic
tools were established using receiver operating
characteristic (ROC) curve analysis. Results with P < 0.05
were considered statistically significant.

RESULTS

A total of 44 patients with AP were included in the
study. Demographic and clinical data of these patients
are represented in Table 1.

All patients were divided into ACS and non-ACS
groups. Median IAP in the ACS group at admission was
22.0 (18.5-25.0) mmHg and 9.25 (3.0-12.4) mmHg in the
non-ACS group (P < 0.01) (Figure 1).

Differences of APACHE II, Glasgow-Imrie and
MODS median scores on admission and maximal scores
(Max) during hospitalization period between ACS and
non-ACS groups are presented in Table 2. The study
revealed that patients in the ACS group had significantly
higher multifactorial clinical scores on admission and
higher maximal scores during hospitalization (P <
0.01). There were no significant differences between
median admission and maximal scores of APACHE 1II,
Glasgow-Imrie and MODS within ACS or non-ACS
groups (P > 0.05). The ACS group was characterized by
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Table 1 Demographic and clinical variables of the whole series

Demographic and clinical variables Values
Number of patents 44
Age (years = SD) 49+18
Gender male 70.4% (31/44)
SAP 70.4% (31/44)
Presence of necrosis 49.9% (18/44)
Extent (percentage) of necrosis
<30% 38.9% (7/18)
30%-50% 11.1% (2/18)
>50% 50.0% (9/18)
IAH (IAP = 12 mmHg) 43.2% (19/44)
ACS (IAP = 20 mmHg + MOF) 13.6% (6/44)

Mortality 13.6% (6/44)

APACHE II score at admission' 6.5 (4.0-10.0)
Max APACHE I score during hospitalization' 8.0 (5.0-11.0)
Glasgow-Imrie score at admission' 3.0 (2.0-3.0)
Max Glasgow-Imrie score during hospitalization' 3.0 (2.0-4.0)
MODS score at admission' 2.0 (1.0-3.0)
Max MODS score during hospitalization' 2.0 (1.0-4.0)

'Values of clinical multifactorial scores is expressed as median (lower &

upper quartiles).
30.00 O ACS
T T O Non-ACS
\
20.00 [
=)
T
[S
1S
10.00 - + —=
0.00 : ‘
First IAP IAP max

Figure 1 The 1st IAP and maximal IAP value in ACS and non-ACS groups.
All patients were divided in ACS (grey colour) and non-ACS (white colour)
groups. Median IAP at admission was 22.0 and 9.25 mmHg in ACS and non-
ACS groups respectively (P < 0.01). There was no significant difference
between value of the 1st measurement and maximum observed value of IAP
within each group.

a markedly higher incidence of severe and necrotizing
AP, and by the presence of high volume pancreatic
necrosis in comparison to the non-ACS group. Mortality
rate in the ACS group was also significantly higher, when
compared to the non-ACS group (Table 3).

SAP was diagnosed in 70.4% (31/44) of all cases
in this study group. We believe such a relatively high
incidence of SAP is associated with the concentration
of patients with severe disease in our tertiary care center
referred from other regional hospitals, and a special focus
on the patients with systemic inflammatory response
syndrome and multiorgan failure (MOF). Nevertheless,
the incidence of ACS in our study population was 19.35%
(6/31) and did not exceed the prevalence of TAH and
ACS shown in other clinical studies. Interestingly, the
prevalence of IAH was significantly lower in the mild AP
group, with only 7.69% (1/13) when compared to 58.06%
(18/31) in the SAP group (P > 0.01). Specifically, all cases
of ACS occurred in the SAP group with an incidence of
19.35% (6/31), while there wete no cases of ACS in the

Table 2 Clinical scores (on admission and max value) in

relation to presence of ACS

Clinical scores ACS group Non-ACS group P
median (lower & median (lower &

upper quartiles) upper quartiles)

APACHE T score on 12.0 (9.0-1.0] 6.0 (4.0-9.0) <0.01
admission

Max APACHE score 14.0 (11.0-18.0) 7.0 (4.0-10.0) <0.01
Glasgow-Imrie score on 5.0 (4.0-5.0) 2.0 (2.0-3.0) <0.01
admission

Max Glasgow-Imrie score 5.0 (4.0-5.0) 2.5 (1.0-3.0) <0.01
MODS score on admission 4.5 (3.0-8.0) 1.5 (1.0-3.0) <0.01
Max MODS score 4.5 (3.0-8.0) 2.0 (1.0-3.0) <0.01

Table 3 Clinical characteristics of patients with and without

ACS

Clinical ACS group Non-ACS group P
characteristics (n = 6, %) (n = 38, %)

Severe AP 6 (100) 25 (65.8) NS
Necrotizing AP 5(83.3) 13 (34.2) <0.05
Necrosis > 30% 5(83.3) 6 (15.8) <0.05
Deaths 4 (66.6) 2(5.2) <0.01

Table 4 Areas under the ROC curves for prognostic factors

of ACS

Variables Area Std. Asymptotic Confidence Interval
error sig. lower: upper
1st IAP on admission 0.932 0.065 0.001 0.805 1.059
Glasgow-Imrie score 0.921 0.054 0.001 0.816 1.026
APACHE 1 score 0.866 0.062 0.004 0.745 0.987
MODS score 0.829 0.098 0.010 0.636 1.022

Table 5 Cut-off points, sensitivity and specificity for

prognostic factors of ACS

Variable Cut-off  Sensitivity (%) Specificity (%)
APACHE 1I score >7 100.0 (54.1-100.0)  60.5 (43.4-75.9)
Glasgow-Imrie score >3 83.3 (36.1-97.2) 86.8 (71.9-95.5)
MODS score >2 83.3 (36.1-97.2) 73.7 (56.9- 86.6)
1st IAP on admission ~ >18 83.3 (36.1-97.2) 100.0 (90.7-100.0)

mild AP group (0/13).

The diagnostic performance of multifactorial clinical
scores and the first IAP measurement in predicting
development of ACS during the course of AP were
assessed using ROC curve analysis. ROC analysis
revealed that all the analysed clinical scores are of good
prognostic value in determining patients who are likely
to further develop ACS (Figure 2). The areas under the
ROC curves, cut-off values, specificity and sensitivity of
prognostic tools are presented in Tables 4 and 5.

DISCUSSION

Our study confirmed the eatlier published observations
that AP is a risk factor for development of IAH and
ACS* - Overall, somewhat higher rates of SAP in
our institution could be explained by the concentration
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Figure 2 ROC curve analysis of prognostic factors for ACS development.
ROC analysis revealed that clinical scores (APACHE 1I, Glasgow-Imrie and
MODS) and first IAP measurement on admission are good prognostic markers
in determining patients who are likely to develop ACS. There was no significant
difference between the areas under the ROC curves for these prognostic markers.

of the patients, because our hospital is a tertiary care
center and many patients with suspected severe disease
are referred to it from regional hospitals. However, the
incidence of IAH and ACS in our study was similar to
that observed in other studies, and as expected, it was
associated with a higher incidence of MOF and higher
mortality rates.

An early diagnosis of ACS and its adequate

. . 1[1,8,15,17]

management is crucial . The measurement and
monitoring of IAP via urinary bladder catheter is a
simple procedure, which requires virtually no technical
skills and little resources. However, this procedure is
invasive and is associated with significant discomfort
for the patientlZ]’ZZJ. It has also been shown that
indwelling urinary catheters are associated with a higher
incidence of infectious complications and prevalence
of nosocomial pathogensmzﬂ. Clearly, placement of a
urinary catheter should not be routinely recommended
for all patients, especially not for those who are unlikely
to develop ACS. Therefore clinical assessment in
selecting the patients that are likely to develop ACS
is of particular importance. Our study demonstrated
that development of IAH and ACS during the AP
could be predicted by the use of clinical multifactorial
scoring systems (APACHE II, MODS, Glasgow-Imrie
score), thus allowing a timely and appropriate selection
of patients for this invasive procedure during the first
hours and days of the disease. Clinical scores of patients
who eventually suffered from IAH were higher during
the first days in comparison to the group of patients
with normal IAP. These findings are in accord with the
observations of other groupslz’4’20’261. The ROC analysis
disclosed that APACHE II, MODS, and Glasgow-Imrie
scores have similar cut-off values to those used for the
prediction of SAP. IAP > 18 mmHg on admission is
also a valuable indicator that the patient has a higher
risk for persistent IAH and development of ACS
during the course of AP. All these prognostic markers
had a good sensitivity, specificity and large area under

the curve. Furthermore, the use of a clinical scoring
system in combination with the first IAP measurement
(eg. APACHE II + first IAP on admission) allows us
to identify nearly 100% of patients who are likely to
develop SAP and suffer from ACS.

Previously published studies do not provide us
with any useful recommendations or criteria for the
selection of the AP patients for the IAP measurement
and monitoring, although it would be unnecessary in the
majority of cases when patients have a mild and self-
limiting disease.

Based on the results of our study we recommend
measuring the IAP only in cases when patients present
with SAP (i.e. APACHE I > 7; MODS > 2 or Glasgow-
Imrie score > 3). We advocate a continuous monitoring
of IAP in all cases when the patient suffers from SAP
and has an IAP > 18 mmHg on first measurement. We
would recommend utilizing the simpler Glasgow-Imrie
or MODS scores in daily clinical practice and a more
complex APACHE II score in the clinical trial setting,

CONCLUSION

Placement of a urinary catheter for the monitoring of
IAP would be unnecessary in the majority of AP cases,
when patients have a mild and self-limiting disease.

We recommend measuring the IAP only in cases
when patients present with SAP (i.e. APACHE I > 7,
MODS > 2 or Glasgow-Imrie score > 3). We advocate
a continuous monitoring of IAP in all cases when the
patient suffers from SAP and has an IAP > 18 mmHg
on first measurement.

COMMENTS

Background

Acute pancreatitis (AP) remains a disease with an unpredictable clinical course,
and significant associated morbidity and mortality. Recently, the elevated intra-
abdominal pressure (IAP) after onset of AP has gained growing attention,
because it is increasingly recognized as an important risk factor for mortality in
the early phase of the disease. Intra-abdominal hypertension (IAH) has been
recognized as a cause of organ dysfunction in critically ill patients, including
those suffering from severe acute pancreatitis (SAP).

Research frontiers

It has been shown that early recognition and treatment of IAH and abdominal
compartment syndrome (ACS) result in a significant improvement in patient
survival and decreased morbidity, however, clinical abdominal assessment
showed poor sensitivity and accuracy for identifying the elevated IAP. The
essential approach to the diagnosis and management of ACS is a timely IAP
measurement. It is still not clear whether early IAP measurement should be a
routine for all AP patients and which patients would benefit most from the I1AP
monitoring.

Innovations and breakthroughs

An early diagnosis of ACS and its adequate management is crucial. The
measurement and monitoring of IAP via urinary bladder catheter is a simple
procedure, which requires virtually no technical skills and little resources.
However, this procedure is invasive and is associated with significant discomfort
for the patient. It has also been shown that indwelling urinary catheters are
associated with a higher incidence of infectious complications and prevalence
of nosocomial pathogens. Clearly, placement of a urinary catheter should
not be routinely recommended for all patients, especially not for those who
are unlikely to develop ACS. For the first time, our study demonstrated that
development of IAH and ACS during the AP could be predicted by the use of
clinical multifactorial scoring systems [Acute Physiology and Chronic Health

www.wjgnet.com



Dambrauskas Z et a/. Abdominal compartment in acute pancreatitis 721

Evaluation I (APACHE-1I), Multiorgan Dysfunction Score (MODS), Glasgow-
Imrie score], thus allowing a timely and appropriate selection of patients for this
invasive procedure during the first hours and days of the disease.

Applications

Based on the results of our study, we recommend measuring the IAP only in
cases when patients present with SAP (i.e. APACHE I > 7; MODS > 2 or
Glasgow-Imrie score > 3). They advocate a continuous monitoring of IAP in all
cases when the patient suffers from SAP and has an IAP > 18 mmHg on first
measurement.

Terminology

ACS is a severe increase in the pressure within the abdomen (IAP) such that
a patient's internal organs begin to fail and malfunction. This is a medical
emergency. Untreated, ACS has a high mortality rate. There are a number
of different methods that your doctor may use to treat the ACS. These may
include giving medications to sedate or temporarily paralyze you or your loved
one, placing tubes through the nose and into the stomach to remove fluid and
air, placing tubes into the abdomen to remove fluid or blood, or opening the
abdomen to release the increased pressure. Most patients with IAH and/or ACS
will be cared for in an ICU where doctors and nurses constantly monitor for
signs of illness and treat patients to keep their heart, lungs, kidneys, liver, and
intestines functioning as normally as possible.

Peer review

An important aspect of AP has been addressed in this paper, as not much has
been written about IAP and ACS in relation to AP. The study design is simple
and clear.
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Abstract

AIM: To evaluate the outcome of laparoscopic
cholecystectomy (LC) in patients aged 80 years and
older.

METHODS: A total of 353 patients aged 65 to
79 years (group 1) and 35 patients aged 80 years
and older (group 2) underwent LC. Patients were
further classified into two other groups: those with
uncomplicated gallbladder disease (group A) or those
with complicated gallbladder disease (group B).

RESULTS: There were no significant differences
between the age groups (groups 1 and 2) with respect
to clinical characteristics such as age, gender, comorbid
disease, or disease presentation. Mean operative
time, conversion rate, and the incidence of major
postoperative complications were similar in groups 1
and 2. However, the percentage of high-risk patients
was significantly higher in group 2 than in group 1
(20.0% vs 5.7%, P < 0.01). Group A comprised 322
patients with a mean age of 71.0 = 5.3 years, and
group B comprised 51 patients with a mean age of

69.9 = 4.8 years. In group B, mean operative time
(78.4 £ 49.3 min vs 58.3 = 35.8 min, £ < 0.01), mean
postoperative hospital stay (7.9 £ 6.5d vs 5.0 £ 3.7 d,
P < 0.01), and the incidence of major postoperative
complications (9.8% vs 3.1%, P < 0.05) were
significantly greater than in group A. The conversion
rate tended to be higher in group B, but this difference
was not significant.

CONCLUSION: Perioperative outcomes in elderly
patients who underwent LC seem to be influenced
by the severity of gallbladder disease, and not by
chronologic age. In octogenarians, LC should be
performed at an earlier, uncomplicated stage of the
disease whenever possible to improve perioperative
outcomes.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

The Korean population is steadily aging. The percentage
of the population 65 years of age and older was
5.8% in 1995 and was 9.1% in 2005. This age group
is expected to grow from 14.3% in 2018 to 20.8% in
2026". The prevalence of gallstone formation increases
with age?. The reported incidence of cholelithiasis
in the very elderly (80 years and older) is as high as
38%-53%"". This age group has a high incidence of
complicated gallstone disease, such as acute cholecystitis,
choledocholithiasis, and gallstone pancreatitism.
Laparoscopic cholecystectomy (LC) is currently the
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procedure of choice for the management of gallbladder
discase. Many reports have demonstrated the relative
safety and efficacy of LC, with low conversion rates
and low postoperative morbidity compared to open
cholecystectomy (OC)P’s]. Currently, LC is being used
with increasing frequency in elderly patients. Advanced
age may be associated with increased postoperative
complications and high conversion rates”. However,
as life expectancy continues to increase, octogenarians
are becoming a growing proportion of the population
undergoing LC. Therefore, the purpose of this study was
to evaluate the outcome of LC in patients aged 80 years
and older compared to patients aged 65 to 79 years.

MATERIALS AND METHODS
Study group

A retrospective analysis of patients aged 65 years
and older who underwent LC from November 1991
to January 2006 at Kangbuk Samsung Hospital,
Sungkyunkwan University School of Medicine, Seoul,
Korea was performed. A total of 353 patients aged 65
to 79 years (group 1) and 35 patients aged 80 years and
older (group 2) underwent LC. According to disease
presentation, patients were further classified into two
other groups: one with uncomplicated gallbladder disease
(group A) and one with complicated gallbladder disease
(group B). The diagnosis of gallbladder disease was based
on a combination of clinical, laboratory, and radiologic
findings. The most common imaging techniques used
were ultrasonography and computed tomography.
The diagnosis was confirmed by pathologic evaluation
and surgical inspection. Whenever choledocholithiasis
was suspected, preoperative endoscopic retrograde
cholangiopancreatography (ERCP) or magnetic
resonance cholangiopancreatography (MRCP) was
performed. Endoscopic sphincterotomy with stone
extraction was performed as needed. Since March 2004,
percutaneous transhepatic gallbladder drainage (PTGBD)
has been performed at our institution for patients
admitted with suspected complicated acute cholecystitis
(gallbladder empyema, gangrenous cholecystitis,
perforated acute cholecystitis, emphysematous
cholecystitis, and pericholecystic abscess).

Surgical technique

All LC procedures were carried out by one surgeon
who had previous experience of more than 3000
laparoscopic cholecystectomies, assisted by a resident.
A 10-mm Visiport® trocar (Tyco, Norwalk, USA) was
inserted at the subumbilical area as the first port site.
Two additional laparoscopic cannulae were inserted; one
in the right upper quadrant (5 mm) and the other in the
epigastric area (12 mm). A soft silastic drain was used in
all patients.

Statistical analysis
The clinical characteristics, duration of LC surgery,
conversion rate, complication rate, and postoperative

Group 1, 65-79 yr Group 2, = 80 yr P value

(n = 353) (n = 35)

Age 69.8+3.7 829+29 <0.001
Male 152 13 0.499
Comorbid disease 166 (47.0) 18 (51.4) 0.619

Diabetes mellitus 67 (19.0) 11 (31.4) 0.080

Hypertension 111 (31.4) 6(25.7) 0.484

Chronic liver disease 9 (2.5) 1(2.9) 1.000

Ischemic heart disease 4(1.1) 0 (0.0) 1.000

Cerebrovascular 2 (0.6) 0 (0.0) 1.000

accident

Other 10 (2.8) 1(29) 1.000
Diagnosis

Uncomplicated 294 (83.3) 28 (80.0) 0.622

gallbladder disease

Complicated 47 (13.3) 4(11.4) 1.000

gallbladder disease

Gallbladder cancer 12 (3.4) 3(8.6) 0.144
Preoperative ERCP 33 (9.3) 4 (11.4) 0.761
CBD stone 29 (8.2) 4 (11.4) 0.522
Prior abdominal surgery 78 (22.1) 8(22.9) 0.918
Preoperative PTGBD 12 (3.4) 129 1.000
ASA score <0.01

1+2 333 (94.3) 28 (80.0)

3+4 20 (5.7) 7 (20.0)

ERCP: Endoscopic retrograde cholangiopancreatography; CBD: Common
bile duct; PTGBD: Percutaneous transhepatic gallbladder drainage; ASA:
American society of anesthesiologists.

hospital stay were analyzed using a statistical analysis
program package (SPSS 15.0, SPSS Inc. Chicago, IL,
USA). The results are expressed as mean = SD. The
statistical significance of observed differences was
tested using the XZ test, Fishet’s exact test, or Mann-
Whitney test. A probability of 0.05 ot less was P < 0.05
considered statistically significant.

RESULTS

Overview of patients

There were no significant differences among the
age groups (group 1 and 2) with respect to clinical
characteristics such as age, gender, additional disease,
and disease presentation. However, the percentage of
high-risk patients was significantly higher in group 2
(20.0%) than in group 1 (5.7%). High risk was defined as
an American Society of Anesthesiologists (ASA) score
of 3 or 4 (Table 1).

Perioperative outcomes

Three hundred and twenty-two patients (group A)
underwent LC for uncomplicated gallbladder disease
(recurrent biliary colic, gallbladder polyp, and chronic
cholecystitis), 51 patients (group B) underwent LC for
complicated gallbladder disease (acute cholecystitis,
gallbladder empyema, gangrenous cholecystitis,
perforated acute cholecystitis, emphysematous
cholecystitis, pericholecystic abscess, biliary pancreatitis,
and cholangitis), and the remaining 15 patients
underwent LC for gallbladder cancer. Not all gallbladder
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Group 1, 65-79 yr Group 2, = 80 yr P value

(n = 353) (n = 35)

Operative time (min) 60.8 +£38.4 82.6 +47.6 0.087
Conversions 9 (2.5) 2(5.7) 0.260
Complications 15 (4.2) 2(5.7) 0.659

Bile leakage 6 1

Intraabdominal fluid 3 1

collection

Wound infection 3 0

Subumbilical wound 1 0

hernia

Bleeding 2 0
Postoperative hospital 55+4.2 51+4.0 0.873
stay (d)

cancers were diagnosed before surgery. One patient
in group 1 had a pT2 tumor and underwent complete
radical surgery of the gallbladder bed with lymph node
dissection. Preoperative PTGBD was performed for
12 patients in group 1 and for one patient in group 2.
The timing of LC in patients with acute cholecystitis
was vatiable (eatly, delayed, or scheduled after PTGBD)
according to clinical factors such as specialist or
operating theater availability and the patient’s medical
condition.

Mean operative time and the conversion rate to
OC were similar for the two age groups. The reasons
for conversion were difficulty in gallbladder exposure
or dissection at the Calot triangle because of dense
adhesions. The incidence of major postoperative
complications was similar in the two groups; 15 patients
in group 1 (4.2%) and 2 patients in group 2 (5.7%). Six
patients in group 1 and one patient in group 2 developed
bile leakage after surgery. All patients were treated
conservatively and the leakage subsided spontaneously
within 7 d. Three patients in group 1 and one in group
2 had intraabdominal fluid collection; all patients were
treated by ultrasound-guided percutanecous catheter
drainage and parenteral antibiotics. Two patients in
group 1 presented with bloody discharge from the
subhepatic silastic drain on the first postoperative day,
but the bleeding was controlled conservatively without
blood transfusion. Postoperative wound infection
occurred in three patients in group 1. One patient in
group 1 developed a subumbilical wound hernia (10 mm
cannula wound), which was surgically treated. The length
of postoperative hospital stay was similar in the two
groups (Table 2).

Group A (uncomplicated gallbladder disease)
comprised 322 patients with a mean age of 71.0 £ 5.3
years, and group B (complicated gallbladder disease)
comprised 51 patients with a mean age of 69.9 *
4.8 years. In group B, the mean operative time was
78.4 £ 49.3 min, and this was significantly longer
than that in group A (58.3 + 35.8 min, P < 0.01).
The incidence of major postoperative complications
was significantly higher (9.8% »s 3.1%, P < 0.05) and
mean postoperative hospital stay was significantly longer

(7.9 £ 6.5d »s 5.0 £ 3.7 d, P < 0.01) in group B

Group A (7 = 322) Group B (m = 51) P value

Uncomplicated Complicated
Age 71.0+£5.3 69.9+48 0.125
Preoperative WBC 7048 + 2166 11928 + 4269 <0.001

count (/mm®)

Operative time (min) 58.3£35.8 78.4+49.3 <0.01
Conversions 7(22) 3(5.9) 0.144
Complications 10 (3.1) 5(9.8) <0.05
Postoperative 5037 79+65 <0.01
hospital stay (d)

compared to group A. The conversion rate tended to be
higher in group B (5.9%) compared to group A (2.2%),
but this difference was not significant (P = 0.144) (Table 3).

DISCUSSION

Gallbladder disease is the most common indication for
abdominal surgery in the elderlyH’m’m. In Korea, the
age distribution of gallstones shows a peak incidence in
the seventh decade and common bile duct stones show
a peak incidence in the eighth decade”. Management
of gallstones is important in the elderly because of
a high rate of complicated biliary disease, increased
postoperative morbidity, and prolonged hospital stay
compared to younger patients' ™
reports have documented a mortality rate of 0% after
LC in octogenarians“s’m. In the present study, the
mortality rate was 0% in octogenarians, with a 5.7%
morbidity rate. This morbidity rate was comparable
to that found in other studies (2.2-18.5%)""*,
Furthermore, there were no significant differences in
operative time, conversion rate, complication rate, and
postoperative hospital stay between the two age groups
(group 1 »s group 2). The only difference observed
was in the preoperative ASA score. Kwon e7 al'" also
found that there were no significant differences in the
conversion rate, morbidity, mortality, and length of
hospital stay between a group aged 65 to 79 years and
a group aged = 80 years. However, Pavlidis e# al'
reported that LC in the very elderly was associated
with a higher conversion rate, increased morbidity,
and longer hospital stay. Conversion to OC and
postoperative complications may be associated with
severe complicated gallbladder disease"”. In the present
study, operative time, postoperative complication rate,
and postoperative hospital stay were also greater in
patients who underwent L.C for complicated gallbladder
disease. In uncomplicated gallbladder disease, the
overall conversion rate to OC was only 2.2% and the
postoperative complication rate was also lower (3.1%
vs 9.8%). These results may indicate that perioperative
outcome is not influenced by chronologic age in the
elderly, but is influenced by disease presentation.

When LC is performed in patients with severe
cholecystitis, the rate of conversion to open surgery
and postoperative complications is usually high. The

. However, recent
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rate of conversion to open surgery in cases of severe
cholecystitis is 8.7%-35%""*, The complication rate
associated with LC performed for acute cholecystitis
ranges from 3% to 40%""7?24%] Therefore, since
March 2004, we have adopted a protocol that
includes PTGBD in patients admitted with suspected
complicated acute cholecystitis (gallbladder empyema,
gangrenous cholecystitis, perforated acute cholecystitis,
emphysematous cholecystitis and pericholecystic
abscess). Twelve patients in group 1 (3.4%) and one
patient in group 2 (2.9%) underwent PTGBD before
LC, and the conversion rate to OC was zero in both
groups. Watanabe ¢ /™" reported that the combination
of ultrasonography-guided PTGBD and LC was a
safe and effective treatment for patients with acute
suppurative cholecystitis. There were age no conversions
to OC when LC was performed at a mean of 34.3 d
after PTGBD. Moreover, a conversion rate of 3% was
observed in patients who underwent surgery for acute
cholecystitis 4 d after PTGBDP". In the present study,
preoperative PTGBD may have had a positive effect on
LC in complicated gallbladder disease.

Preoperative ERCP was performed in 33 patients
in group 1 (9.3%) and 4 patients in group 2 (11.4%)
who had clinical, laboratory, and radiological suspicion
of choledocholithiasis, and 29 (87.9%) and 4 (100.0%),
respectively, had common bile duct stones. All these
patients underwent successful endoscopic sphincterotomy
with stone extraction. The reported incidence of
choledocholithiasis rises with age (26% and 43% in
patients aged 65-79 years and 80-95 years, respectively)m].
Therefore, preoperative ERCP in the elderly should
be performed for patients with clinical, laboratory, and
radiological suspicion of choledocholithiasis.

If elderly patients tend to have higher conversion
and postoperative complication rates, and a longer
postoperative hospital stay, this may be due to a higher
incidence of complicated gallbladder disease!”. In
the present study, there was no difference in disease
presentation between the two age groups; complicated
gallbladder disease was 13.3% in group 1 and 11.4% in
group 2. Therefore, despite higher ASA scores in group
2, perioperative outcomes might not be significantly
different between the two groups.

In conclusion, perioperative outcomes in the elderly
seem to be influenced by the severity of gallbladder
disease, and not by chronologic age. In the very
elderly, such as octogenarians, L.C is also relatively
safe, with acceptable morbidity compared to elderly
patients younger than 80 years of age, if they have
uncomplicated gallbladder disease. Therefore, in this
age group, LC should be performed at an earlier,
uncomplicated stage of the disease as often as possible
to improve perioperative outcomes.
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Abstract

AIM: To investigate the usefulness of anti-ulcer drugs
for the prevention and treatment of low-dose aspirin-
induced peptic ulcer.

METHODS: Upper gastrointestinal endoscopy was
performed in 68 patients receiving daily low-dose
aspirin (81 or 100 mg/day). The endoscopic findings
were classified according to the Lanza score, and the
scores were compared between groups categorized
according to the concomitant use of anti-ulcer drugs
and the types of drugs used. In another study, 31
hemorrhagic peptic ulcer patients who had been
receiving low-dose aspirin were enrolled. The patients
were randomly classified into the proton pump inhibitor
(PPI)-treated group and the H2 receptor antagonist
(H2RA)-treated group. The administration of low-dose
aspirin was continued concomitantly, and endoscopic
examinations were performed 8 wk later.

RESULTS: The Lanza scores (mean = SD) of the
gastro-mucosal lesions were 1.0 £ 1.9 and 1.9 £ 2.3
in 8 and 16 patients receiving prevention therapy with
a PPI and an H2RA, respectively. Both scores were
significantly smaller than the scores in 34 patients who

were not receiving prevention therapy (4.7 £ 1.0) and
in 10 patients receiving cytoprotective anti-ulcer drugs
(4.3 £ 1.6). In the prospective study, 18 and 13 patients
received a PPI and an H2RA, respectively. Endoscopic
examinations revealed that the tissue in the region of
the gastro-mucosal lesions had reverted to normal in
all patients in the PPI-treated group and in 12 patients
(92%) in the H2RA-treated group; no significant
differences were observed between the groups.

CONCLUSION: H2RA therapy was effective for both
the prevention and treatment of low-dose aspirin-
induced peptic ulcer, similar to the effects of PPIs,
while cytoprotective anti-ulcer drugs were ineffective
in preventing ulceration.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Two major causes of peptic ulcers are infection with
Helicobacter pylori (H pylori) and the administration of non-
steroidal anti-inflaimmatory drugs (NSAIDs). Recently,
much attention has been paid to NSAID-induced peptic
ulcers, since the trend toward H pylori eradication using
proton pump inhibitors (PPIs) and antibiotics is likely
to reduce the incidence of H pylori-induced peptic ulcers
in the future. Moreover, the increasing proportion of
eldetly individuals among the Japanese population is likely
to produce a simultaneous increase in the prescription
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of NSAIDs for the treatment of pain arising from
osteoporosis and/ot osteoarthritis. This trend may
highlight the significance of NSAID-induced peptic
ulcers. Low-dose aspirin has also been shown to induce
peptic ulcers, similar to the effects of regular-dose aspirin
and other NSAIDSM; this finding suggests that NSAID-
induced peptic ulcers may become more common
among the elderly population, since many patients receive
antithrombotic therapy using low-dose aspirin for the
treatment of cardiovascular diseases. Previously, we
reported that NSAIDs were associated with hemorrhagic
peptic ulcers in 28% of the patients seen between 2001
and 2004; the rate of patients receiving low-dose aspirin
in this population was 27%, while the rates of patients
receiving regular-dose aspirin, loxoprofen, diclofenac
and other NSAIDs were 6%, 16%, 10% and 21%,
respectivelym. These data suggest that among the various
NSAIDs in use, low-dose aspirin is the most important
drug provoking peptic ulcers in Japan.

Infection with H pylori is frequently found in patients
with NSAID-induced peptic ulcers, including those
with low-dose aspirin-induced ulcers. According to
our previous surveym, a total of 82% of patients with
hemorrhagic peptic ulcers tested positive for H pylori
infection; the positivity rate was higher among those
not treated with NSAIDs (88.6%) than among those
receiving NSAIDs (67.2%). Of note, 62.5% of the
patients with hemorrhagic peptic ulcers induced by low-
dose aspirin tested positive for pr/orz'm. However,
whether H pylori eradication prevents the development
of peptic ulcers induced by low-dose aspirin remains
controversial”. Chan ez a/’ reported that both H pylori
eradication and PPI administration were effective in
preventing peptic ulcers induced by low-dose aspirin.
On the other hand, Lai ez a/" revealed that hemorrhage
recurred in more than 10% of the patients with low-
dose aspirin-induced peptic ulcers, even after H pylori
eradication, whereas PPI administration was effective in
reducing the risk of recurrence. A therapeutic strategy
to prevent peptic ulcers induced by NSAIDs, especially
low-dose aspirin, is needed.

In the present study, we evaluated the efficacies of
various anti-ulcer drugs (PPIs, H2RA and cytoprotective
drugs) for the prevention and treatment of peptic
ulcers induced by low-dose aspirin, by comparing
the endoscopic findings of the patients to establish a
therapeutic strategy for low-dose aspirin-induced peptic
ulcers in Japanese patients.

MATERIALS AND METHODS
Study-1

Patients receiving daily low-dose aspirin (81 or
100 mg/day) and undergoing an uppet gastrointestinal
endoscopy at Saitama Medical University Hospital
between February 2001 and September 2006 were
enrolled in the study. Patients receiving NSAIDs other
than aspirin and/or receiving regular-dose aspitin (from
1.0 to 4.5 g/day) were excluded from the analysis.
Patients with malignancies or those who had undergone

Score Endoscopic findings
No lesion
Hemorrhagic erosion
One or two erosions
3-10 erosions

More than 10 erosions
Ulcer

U D WN = O

a gastrectomy were also excluded. The endoscopic
findings were classified according to the Lanza score, as
show in Table 17, The scores were compared between
groups categorized according to the concomitant use of
anti-ulcer drugs and the types of drugs used.

Study-2

The subjects comprised hemorrhagic peptic ulcer
patients who had been receiving low-dose aspirin
daily and who had been admitted to Saitama Medical
University Hospital between February 2001 and Matrch
2008. The exclusion criteria were similar to those used
in Study-1: patients receiving NSAIDs other than
aspirin and/or regular-dose aspirin and those with
malignancies or who had undergone a gastrectomy
at enrolment. Informed consent was obtained from
all patients, and the subjects were randomly classified
into two groups. The patients classified as the PPI-
treated group were given either lansoprazole (15 or 30
mg, daily), rabeprazole sodium (10, 20 or 40 mg, daily)
or omeprazole (20 mg, daily). In contrast, the patients
in the H2RA-treated group were given famotidine
(40 mg, daily). In all patients, the administration of low-
dose aspirin was continued concomitantly with the
PPI or famotidine therapy. Infection with H pylori was
determined using a serum antibody test (AP-960; Scimed
Life Systems/Boston Scientific Corp, Natick, MA, USA)
or a culture of gastric mucosal specimens obtained
during an endoscopic examination. H pylori eradication
with the administration of lansoprazole (60 mg, daily),
amoxicillin hydrate (1500 mg, daily) and clarithromycin
(800 mg, daily) was performed for 7 d in patients with a
positive infection status within 2 wk of the occurrence
of peptic ulcer hemorrhage. The therapeutic efficacy
of H pylori eradication was assessed by the urea breath
test 8 wk later. An upper gastrointestinal endoscopy was
performed 8 wk after the initiation of PPI or famotidine
therapy. The ulcer was diagnosed as healed once scar
formation at the site of the lesion was complete.

Statistical Analysis
The Mann-Whitney U test and the Fisher’s exact test

were used to analyze the data. Statistical significance was
defined as P < 0.05.

RESULTS

Study-1
Sixty-eight patients (45 men and 23 women) between
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Type of drug Drug name Doses  Number of
(/day) patients
None 34
PPIs 8
Rabeprazole sodium 10 mg 3
Lansoprazole 30 mg 2
Lansoprazole 15 mg 1
Omeprazole 20 mg 2
H2RAs 16
Famotidine 40 mg 1
Famotidine 20 mg 8
Famotidine 10 mg 1
Lafutidine 20 mg 2
Nizatidine 300 mg 2
Ranitidine hydrochloride 75 mg 1
Cimetidine 100 mg 1
Cytoprotective anti-ulcer drugs 10
Rebamipide 300 mg 2
Rebamipide 200 mg 1
Rebamipide 100 mg 1
Azulensulfonate sidium 2g 2
+ L-Glutamine
Teprenone 15g 1
Polaprezinc 150 mg 1
Sofalcone 300 mg 1
Alginate sodium 180 mL 1

the ages of 25 and 88 years were enrolled in the study.
Thirty-four patients received no anti-ulcer drugs, while
8, 16 and 10 patients were given PPIs, H2RAs and
cytoprotective anti-ulcer drugs, respectively. The types
and doses of the anti-ulcer drugs are shown in Table 2.
Duration of daily low-dose aspirin therapy ranged
from 1 to 3650 d, however, therapy duration (days;
mean * SD) did not differ in patients receiving and
not receiving anti-ulcer drugs (898 * 1384 and 1165
+ 1389, respectively). In the case of patients receiving
anti-ulcer drugs, the prevention therapies were initiated
simultaneously with low-dose aspirin administration.
Anti-platelet and anticoagulant drugs were used in 5 and
1 patients receiving and not receiving anti-ulcer drugs,
respectively. No differences in age or sex were observed
among the patients not treated with anti-ulcer drugs
and those receiving PPI, H2RA or cytoprotective anti-
ulcer drugs (Table 3). However, the endoscopic scores
were significantly smaller in patients receiving PPIs and
H2RAs, compared with those receiving cytoprotective
anti-ulcer drugs and those not receiving anti-ulcer drugs.
A grade 5 endoscopic score was observed in 31 of 34
patients (91%) not receiving anti-ulcer drugs and in 8
of 10 patients (80%) receiving cytoprotective anti-ulcer
drugs, while the grades ranged between 0 and 3 in 11 of
16 patients (69%) receiving H2RAs and in 7 of 8 patients
(88%) receiving PPIs. The scores in patients receiving
PPIs and in those receiving H2RAs were statistically
similar. In addition, no differences were observed between
the scores in 5 patients receiving regular-dose H2RAs and
in 11 patients receiving low-dose H2RAs. Moreover, the
scores in patients receiving cytoprotective anti-ulcer drugs
and in those not receiving anti-ulcer drugs were similar.
One 72-yeat-old male patient had an endoscopic score of

grade 5 despite the use of a PPL. H pylori infection was
not detected in this patient, but a coronary artery bypass
grafting procedure had been performed 39 d prior to
the endoscopic examination, and the patient had been
receiving daily doses of watfarin in addition to low-dose
aspirin since that time.

Study-2

Forty patients were enrolled in the study: 20 patients in
the PPI-treatment group and 20 patients in the H2RA-
treatment group. An endoscopic examination was
performed at 8 wk in 18 patients (13 men and 5 women)
aged 69.2 + 13.4 years (mean * SD) in the PPI-treatment
group and in 13 patients (10 men and 3 women) aged
69.7 = 9.5 years in the H2RA-treatment group; the 9
remaining patients were transferred to other hospitals
prior to endoscopic examination. A positive H pylori
infection status was seen in 12 and 10 patients (67% and
77%) in the PPI-treatment and H2RA-treatment groups,
respectively; H pylori infection rate was similar in both
groups. H pylori eradication was achieved in all patients
who had a positive H pylori infection status. Endoscopic
examinations performed at 8 wk revealed that the peptic
ulcers had completely healed in 18 patients (100%) in
the PPI-treatment group and in 12 patients (92%) in the
H2RA-treatment group; no difference in therapeutic
efficacy was seen between the two groups. The peptic
ulcer in one patient with a positive H pylori infection
status in the H2RA-treatment group had not completely
healed at 8 wk. This patient had repeatedly received
loxoprofen for the treatment of a headache 1 wk prior to
the endoscopic examination, suggesting that peptic ulcers
might recur in the presence of loxoprofen administration,
even if the low-dose aspirin-induced ulcer had healed
during famotidine therapy. There were 3 and 6 patients
with a negative H pylori infection status in the H2RA-
treatment and PPI-treatment groups, respectively. Peptic
ulcers were completely healed in all these patients.

DISCUSSION

In the US and Europe, drugs such as PPIs',
prostaglandinsm and regular-dose H2RAs"™ have been
reported to be effective in the prevention of NSAID-
induced peptic ulcers, and PPIs and prostaglandins have
been reported to effectively attenuate such ulcers'.
In addition, studies conducted in Hong Kong and the
US have revealed that both H pylori eradication” and
PPI treatment” are useful in preventing the recurrence
of hemorrhagic peptic ulcers induced by low-dose
aspirin. In Japan, however, the administration of PPIs,
H2RAs and prostaglandins for the prevention of peptic
ulcers induced by NSAIDs and low-dose aspirin is not
covered by medical insurance, although the use of these
drugs for the treatment of peptic ulcers is covered.
Among these drugs, PPIs and prostaglandins are widely
accepted as the most effective therapeutic agents for
NSAID-induced peptic ulcers, however, prostaglandins
are seldom used due to their adverse effects such as
abdominal pain and diarrhea. Thus, in Japan, many
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Number of patients Sex Age (yr) Lanza scores (Number of patients) Mean
M:F (mean + SD) 0 1 2 3 4 5 scores

No anti-ulcer drugs

34 24:10 69.4+11.2 1 0 1 0 1 31 4.74'
Cytoprotective drugs

10 8:2 679+8.6 1 0 0 1 0 8 430
H2RAs

16 7:9 67.8 £14.0 7 3 1 0 0 5 1.88'
At regular doses

5 2:3 69.6+10.8 2 1 1 0 0 1 1.60"
Less than regular doses

11 5:6 66.9+15.6 5 2 0 0 0 4 2.00!
PPIs

8 6:2 62.0+17.0 6 0 0 1 0 1 1.00"

'P < 0.05 vs both no anti-ulcer drugs and cytoprotective drugs, according to the Mann-Whitney U test.

physicians usually use PPIs for the treatment of peptic
ulcers induced by NSAIDs and low-dose aspirin. For
the prevention of peptic ulcers, cytoprotective anti-
ulcer drugs other than prostaglandins are commonly
used, although no evidence supporting this use has
been reported in the medical literature. Therefore, a
therapeutic strategy for the treatment and prevention of
peptic ulcers induced by NSAIDs, especially low-dose
aspirin, should be established for Japanese patients.
Thus, we performed a retrospective study (Study-1)
to clarify the efficacy of various anti-ulcer drugs to
prevent peptic ulcers induced by low-dose aspirin and a
prospective study (Study-2) to compate the therapeutic
efficacies of PPIs and H2RAs for treating such
ulcers. The retrospective study revealed that H2RAs
effectively prevented peptic ulcers induced by low-dose
aspirin to a degree similar to that of PPIs, however,
cytoprotective drugs were not effective in preventing
peptic ulcers. To our surprise, H2ZRA administration
at doses less than the regular dose was also effective
in preventing low-dose aspirin-induced peptic ulcers.
Furthermore, the prospective study demonstrated
that the therapeutic efficacies of PPIs and H2RAs at
regular doses were almost equivalent. The secretion of
gastric acids from the gastric mucosa has been shown
to be lower in Japanese patients than in European and
American patientsw’m, since marked atrophy of the
gastric mucosa is often found in many Japanese patients
due to the prevalence of H pylori infection. Thus, low-
dose H2RAs, such as famotidine 20 mg daily, seem to
be effective in the prevention of peptic ulcers induced
by low-dose aspirin, and regular-dose H2RAs, such as
famotidine 40 mg, may be sufficient to treat such peptic
ulcers in Japanese patients. However, it should be noted
that grade-5 endoscopic findings were observed in a
72-year-old patient in Study-1 receiving both warfarin
and low-dose aspirin despite concomitant prevention
therapy with a PPI. In addition, peptic ulcer healing
did not occur in one patient receiving loxoprofen as
well as low-dose aspirin in the H2RA-treated group in
Study-2. The usefulness of H2RAs for the treatment
and prevention of low-dose aspirin-induced peptic

ulcers should be further investigated, focusing on
eldetly patients and those receiving warfarin as well as
NSAIDs"". Moreover, the therapeutic and prevention
efficacy of H2RA should be studied in relation to
H pylori infection status, therapeutic effect of H pylori
infection, history of upper gastrointestinal diseases
and the types of peptic ulcer such as acute and chronic
disorders in future research.

In conclusion, H2RA therapy was effective for both
the prevention and treatment of low-dose aspirin-
induced peptic ulcers, similar to the effects of PPlIs,
while cytoprotective anti-ulcer drugs were ineffective
in preventing peptic ulcers. Considering the cost and
adverse effects of PPIs and prostaglandins, H2RA may
be the most beneficial anti-ulcer drug for the prevention
and treatment of peptic ulcers induced by low-dose
aspirin in Japan.
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Background

The incidence of low-dose aspirin-induced peptic ulcer seems to be increasing
in Japan in conjunction with the increasing proportion of elderly individuals, in
whom metabolic syndrome frequently develops. However, a therapeutic and
prevention strategy for such peptic ulcers has not yet been established.
Research frontiers

The effect of Helicobacter pylori (H pylori) eradication in the prevention of peptic
ulcers induced by low-dose aspirin remains controversial. Chan et af” reported
that both H pylori eradication and proton pump inhibitor (PPI) administration
were effective in preventing peptic ulcers induced by low-dose aspirin. On the
other hand, Lai et a” revealed that hemorrhage recurred in more than 10%
of patients with low-dose aspirin-induced peptic ulcers, even after H pylori
eradication, whereas PPI administration was effective in reducing the risk of
recurrence.

Innovations and breakthroughs
H2 receptor antagonist (H2RA) was effective in both the prevention and
treatment of low-dose aspirin-induced peptic ulcers, similar to the effects of
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PPIs, while cytoprotective anti-ulcer drugs were ineffective in preventing ulcers.

Applications

Considering the cost and adverse effects of PPIs and prostaglandins, H2RAs
may be the most beneficial anti-ulcer drugs for the prevention and treatment of
peptic ulcers induced by low-dose aspirin in Japan.

Terminology

Low-dose aspirin: aspirin at regular doses (from 1.0 to 4.5 g/day) is
administered to patients with fever, headache and arthralgia. In contrast, daily
low-dose aspirin (81 or 100 mg/day) is used as antithrombotic therapy for
patients with cardiovascular diseases.

Peer review

The incidence of low-dose aspirin-induced peptic ulcers is increasing in Japan,
but the evidence is still lacking. In this paper, the authors evaluated the efficacies
of various anti-ulcer drugs for the prevention and treatment of low-dose aspirin-
induced peptic ulcers. The author concluded that the efficacies of H2RAs and
PPIs for the prevention and treatment of L-Asp-induced peptic ulcers.
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Abstract

AIM: To explore a method to establish an animal
model of ischemic type intrahepatic biliary lesion in
rabbits.

METHODS: Forty Japanese white rabbits of clean
grade were divided randomly into four groups (10
rabbits per group) including sham operation (SO)
group, and artery-bile obstruction (ABO)-1 h group,
ABO-2 h group and ABO-3 h group. All the rabbits
in this study underwent the same initial surgical
procedure in which the liver was prepared as for graft
removal during liver transplantation. Subsequently in
the SO group, no additional vascular intervention was
performed, while in groups ABO-1 h, ABO-2 h and
ABO-3 h, the animals underwent combined clamping
of the hepatic artery and common bile duct with
microvascular clips for 1, 2 and 3 h, respectively. After
the scheduled occlusion time, the clip was removed
to recover blood supply. The animals were killed 4 wk
after operation. The survival rate, liver function,
cholangiography and histopathological manifestation of
the rabbits in each group were observed.

RESULTS: The survival rate was 100% in groups
SO, ABO-1 h and ABO-2 h, while it was 60% in group
ABO-3 h. At each observation time, the change degree
of the indexes of liver function was proportional to
the clamping time (ABO-3 h > ABO-2 h > ABO-1 h >
SO, P < 0.05). Cholangiographical and histopathologic

manifestations both showed that intrahepatic biliary
lesion aggravated proportionally with the increase of
the clamping time.

CONCLUSION: An animal model of ischemic type
intrahepatic biliary lesion in rabbits is successfully
established, which may provide a reliable technique
for basic and clinical research into the etiology,
development and prophylaxis of ischemic type
intrahepatic biliary lesion after liver transplantation.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Biliary complications, which occur at a rate of
approximately 6%-35%", have long been recognized
as a major cause of morbidity and graft failure in
patients after orthotopic liver transplantation (OLT).
The most troublesome is the so-called ischemic type
biliary lesion (ITBL), with an incidence varying between
5% and 15%". TTBL is a special biliary complication
with non-anastomotic biliary tree destruction, which
is one of the most important reasons for liver re-
transplantation. For intrahepatic ITBL, especially in the
presence of extensive intrahepatic I'TBL, endoscopic
and radiological techniques and surgical approaches are
usually unsuccessful and re-transplantation is mostly
unavoidable”. Therefore, it is urgent to establish an
animal model of ischemic type intrahepatic biliary lesion
to study the etiology, development and prophylaxis
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of ITBL. In the present study, by combined clamping
of the common bile duct and hepatic artery for 2
h, producing the biliary ischemia reperfusion injury,
and raising the animals for 4 wk, an animal model of
ischemic type intrahepatic biliary lesion in rabbits was
successfully established.

MATERIALS AND METHODS

Animals and groups

Animal care and experimental procedures were carried
out strictly in accordance with the guide for the care and
use of laboratory animals (National Research Council
of USA, 1996) and the related ethical regulations of
our university. Forty Japanese white rabbits of clean
grade, weighing 2.0-2.5 kg, were selected (provided by
Institute of Laboratory Animal Science), irrespective
of male or female gender. All of the rabbits were raised
under the same condition including a temperature of
18-23C, the relative humidity of 50%-60%, 12 h diurnal
rhythm and freedom to eat and drink. The rabbits were
divided randomly into four groups (10 rabbits per group)
including sham operation (SO) group, and artery-bile
obstruction (ABO)-1 h group, ABO-2 h group and
ABO-3 h group.

Establishment of an animal model

The rabbits were prohibited to eat for 12 h and drink for
6 h before operation. They were anesthetized by injecting
1% pentobarbital (1-2 mL/kg) intravenously. The skin
was prepared and disinfected routinely. Then, a median
incision of the epigastrium about 6 cm in length was
formed. All the rabbits in this study underwent the same
initial surgical procedure in which the liver was prepared
as for graft removal during liver transplantation. Upon the
completion of this procedure, the liver was isolated from
all vascular supply except for the main hepatic artery, the
extra-hepatic peribiliary plexus and the portal vein. In
the SO group, no additional vascular intervention was
performed. In groups ABO-1 h, ABO-2 h and ABO-3 h,
the animals underwent combined clamping of the hepatic
artery and common bile duct with microvascular clips for
1, 2 and 3 h, respectively. After the scheduled occlusion
time, the clip was removed to recover blood supply. All
the animals from these groups were killed 4 wk after
operation.

Observation indexes
Survival rate: The animals in each group were raised
for 4 wk after operation, and the survival rates of each
group were observed.

Examination of liver function: biochemical liver
tests were monitored at different time points up to 4 wk
including preoperation, and the 1 d, the 1, 2, 3 and 4
wk post-operation. Serum concentrations of aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
alkaline phosphatase (ALP), y-glutamyl transpeptidase
(GGT), total bilirubin (TBIL) and ditrect bilirubin (DBIL)

were measured, using standard analytical methods.

Cholangiography: Four weeks after operation, all the
rabbits in the four groups underwent cholangiography.
Under routine anesthesia, the abdominal cavity was
opened according to the former incision. Three to five
milliliters of 30% meglucamine diatrizoate solution was
injected slowly through the distal end of the common
bile duct, and a X-ray photograph was taken to observe
the intrahepatic biliary lesion.

Histopathologic examination: After cholangiography,
the animals were killed to collect liver tissue samples at
the hepatic hilum for histopathological examination.
Serial 4-um-thick sections of formalin-fixed, paraffin-
embedded liver tissues were stained with hematoxylin-
eosin.

Statistical analysis

Quantitative data were shown as mean + SD. SPSS
statistical software 13.0 was used to conduct analysis of
variance of multiple means. For all analyses, a P value
less than 0.05 was considered statistically significant.

RESULTS

Survival rates

The animals in groups SO, ABO-1 h and ABO-2 h
lived throughout the period of the experiment with a
survival rate of 100%. However, four rabbits in group
ABO-3 h died on the days 5, 7, 12 and 14 after operation,
respectively, with a survival rate of 60%. The causes of
death included hepatic ischemic necrosis, bile leakage and
abdominal infection, which was supported by autopsy
and histopathological examination.

Examination of liver function

All the biochemical indexes (AST, ALT, ALP, GGT,
TBIL and DBIL) in groups ABO-1 h, ABO-2 h
and ABO-3 h increased with different degrees after
operation. No biochemical abnormality was observed
in group SO during the entire follow-up. The indexes
reached a peak on the day 1 after operation, and then
decreased gradually. At the end of the observation period
(4 wk after operation), all biochemical abnormalities
were spontaneously resolved except for the ALP and
GGT in group ABO-2 h and ABO-3 h, which were still
higher than that in group SO. At each observation time,
the change in the indexes was proportional to clamping

time (ABO-3 h > ABO-2 h > ABO-1 h > SO, P < 0.05)
(Table 1).

Cholangiography

Four weeks after operation, all the rabbits in the four
groups underwent cholangiography. The images of the
intra-hepatic bile duct indicated that it was normal and
no intrahepatic biliary lesion was visualized in groups
of SO and ABO-1 h. However, a biliary lesion was
observed obviously in groups ABO-2 h and ABO-3
h. It showed that intrahepatic biliary lesion aggravated
proportionally with the increase in the clamping time
(Figure 1).
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Groups Preoperation 1d 1 wk 2 wk 3 wk 4 wk
post-operation post-operation post-operation post-operation post-operation
AST (U/L)
SO 383+24 381426 38.0+24 38.7+23 385+2.1 391+33
ABO-1h 382+23 260.3 +19.5" 85.0+11.1" 39.0+1.6 382425 39.0+3.3
ABO-2h 401+1.7 359.9 +11.9° 154.8 +14.4° 86.9 +5.7° 391+1.7 38.8+1.9
ABO-3h 39.8+4.6 4619 +11.4° 199.2+16.9° 112.0 +16.7° 82.7+9.7° 40136
ALT (U/L)
SO 422422 420423 432420 40.0+3.7 407 +3.4 420423
ABO-1h 420+24 200.5 +13.0' 169.8 +14.3' 65.9+11.5" 423428 432420
ABO-2h 439+23 400.1 +12.3 200.2 + 12.0 922+86 427+31 422437
ABO-3h 438+4.6 505.9 + 14.0° 292.0 +15.8° 116.6 +9.0° 87.7+8.8 446425
ALP (U/L)
SO 117.0 +14.7 1159 +15.9 1143 +14.8 1103 +9.6 1133 +12.7 111.4+11.7
ABO-1h 117.6 +14.5 2039 +18.8' 139.8 £10.3' 119.6 £ 9.0" 1125+93 1095+7.5
ABO-2h 118.8+14.2 304.8 + 16.8 173.1 +11.2> 136.2 + 6.6 138.8 + 6.3 139.6 +7.4°
ABO-3h 113.9+11.7 440.0 +29.4° 226.0 +13.7° 183.7+9.8° 1494 +10.2° 149.7 +11.5°
GGT (U/L)
SO 16.7+2.1 175425 18.0+2.1 185+26 18.8+3.9 173423
ABO-1h 187422 62.8 +10.2" 203+3.4 173+28 19.7+35 175425
ABO-2h 17.7+28 111.5+9.2° 106.5 + 11.3> 81.9+7.6° 84.7+9.4° 59.6 +13.6°
ABO-3h 17.9+3.0 214.6 + 18.6° 182.5+8.6° 153.7 + 14.4° 155.9 +19.3° 98.0+6.8
TBIL (umol/L)
SO 10.0+2.0 95+1.7 104 2.0 101£1.9 10.6 £2.2 10.8+23
ABO-1h 101+1.8 21.0+3.1" 10.6 £2.4 98+1.6 95420 105+2.3
ABO-2h 9.9+22 30.7 +£2.3° 19.8+1.9° 10.5+22 93+15 9.9+20
ABO-3h 9.7+1.9 40.7 +4.3° 30.6 +2.4° 181422’ 103+1.8 112423
DBIL (umol/L)
SO 39+1.0 38+15 39+13 49+16 45+1.1 55+1.2
ABO-1h 47+13 135+2.5' 42+13 48+08 4112 46+08
ABO-2h 43+13 20.4+28 13.4+22° 49+1.1 39+1.1 46+13
ABO-3h 45+1.1 33.7+3.0° 19.6+1.7° 112420 50+1.4 48+15

'ABO-1 hvs SO, P < 0.05; ’ABO-2 h vs ABO-1 h, P < 0.05; "ABO-3 h vs ABO-2 h, P < 0.05.

Figure 1 Cholangiography of the four groups 4 wk after operation. A
(S0): The image of the intra-hepatic bile duct was normal. No biliary stricture
or dilation was observed; B (ABO-1 h): The image of the intrahepatic bile duct
resembled that of SO, no intrahepatic biliary lesion was visualized either; C
(ABO-2 h): All the branches of the intrahepatic bile duct appeared loose, with
the “string beads manifestation” in part of them; D (ABO-3 h): The image of the
intrahepatic bile duct was obviously abnormal, with a loose appearance and
severe damage.

Histopathological examination

After cholangiography, the sample of liver tissues
at the hepatic hilum was taken for histopathological
examination. The results indicated that the morphology
of the intrahepatic bile duct epithelial cells was normal
and there was no cell necrosis in groups SO and ABO-1
h. However, epithelial cells were obviously damaged and
sloughed into the bile duct lumen in groups ABO-2 h
and ABO-3 h. It also showed that the intrahepatic biliary
lesion was aggravated proportionally with the clamping
time (Figure 2).

DISCUSSION

ITBL is defined as non-anastomotic destruction of the
graft’s biliary tree after OLT and characterized by the
formation of sludge or stone, bile duct destruction, and
even non-function of the allograft[3’4]. A classification
of ITBL has been proposed based on the localization
of the abnormalities, distinguishing type [ (extrahepatic
lesions), type 1l (intrahepatic lesions) and type Il (intra-
and extrahepatic alterations)!". For type 11 and type I,
especially for multiple and diffuse ITBL, there is poor
prognosis and graft survival, with the result of liver
function failure and inevitable re-transplantation in
most patients. Therefore, it is of clinical significance to
establish an animal model of ischemic type intrahepatic
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biliary lesion for studying the etiology, development and
prophylaxis of I'TBL.

Over the past years, several risk factors of
this complication have been identified, strongly
suggesting a multi-factorial origin, although the exact
pathophysiological mechanism of I'TBL is still unknown.
The generally accepted risk factors include prolonged
cold ischemic time warm ischemic time, reperfusion
injury, disturbed blood flow in the peribiliary vascular
plexus, ABO incompatibility, cytomegalovirus infection,
chemokine polymorphism CCR5 delta 32, and bile salt-
induced injury[z’s]. Obviously, ischemic injury is of vital
importance for the occurrence of ITBL.

Several studies™ have suggested that the peribiliary
plexus (PBP) and hepatic artery branches are both the
blood supply of the intrahepatic bile duct. Furthermore,
it is demonstrated by scanning electron microscopy
that there is no arterio-portal anastomosis in the liver
of rabbits”. That is to say, the intrahepatic bile duct
of rabbits do not receive their blood supply from
portal vein. Therefore, in this study, by combined
clamping of common bile duct and hepatic artery, as
well as isolating the liver from all peripheral vascular
connections, the blood supply of the intrahepatic bile
duct was occluded nearly completely. After removing
the clip, the intrahepatic bile duct underwent warm
ischemia-reperfusion, which better simulated the clinical
procedure of intrahepatic biliary warm ischemia and
reperfusion injury in liver transplantation.

In this study, with the increase of the clamping time
(1 h, 2 h, 3 h), it was found that intrahepatic biliary lesions
were aggravated proportionally, as observed by biochemical
indexes, cholangiography and histopathologicial
examination. As for the clamping time, in group

Figure 2 Histopathological
manifestations of the four
groups 4 wk after operation.
A (SO): The intrahepatic
bile duct epithelial cells
were eumorphic and no
cell necrosis was observed;
B (ABO-1 h): The intrahepatic
bile duct epithelial cells were
almost normal. Small amounts
of bile duct epithelial cells
sloughed into the bile duct
lumen; C (ABO-2 h): The
intrahepatic bile duct epithelial
cells were damaged obviously,
and some of them were
necrotic and sloughed into the
bile duct lumen; D (ABO-3 h):
The intrahepatic bile duct
epithelial cells were damaged
severely; many of them were
necrotic and sloughed into
the bile duct lumen. The
normal epithelial structures
disappeared (HE, x 200).

ABO-1 h, biliary lesions were mild and no imaging and
histopathological changes were found, while in group
ABO-3 h, the success rate of the animal model was only
60%, in spite of the obvious intrahepatic biliary lesion.
However, significant biliary lesions and a high success rate
of the model (100%) were both observed in group ABO-2
h. Therefore, combined clamping of the common bile
duct and hepatic artery for 2 h was considered the optimal
clamping time to establish the model of ischemic-type
intrahepatic biliary lesion in rabbits.

Generally, the time from biliary ischemic necrosis
and fibrosis to stricture is about 30 d after clinical liver
transplantation. Zhao ez al'” established an animal model
of biliary ischemic stenosis with clamping in mice and
observed the significant extrahepatic biliary ischemic
stenosis on day 21 after operation. Therefore, the
time interval of 4 wk was chosen in this study for the
initial observation time. It was not confirmed that the
animals in group ABO-2 h underwent more significant
intrahepatic stricture when prolonging the observation
time after operation.

Ovwerall, the advantages of this animal model
included the following. (1) By combined clamping of the
common bile duct and hepatic artery, as well as isolating
the liver from all peripheral vascular connections, the
intrahepatic bile duct is in complete warm ischemia,
which can better reflect the clinical procedure of
intrahepatic biliary warm ischemia and reperfusion
injury in liver transplantation. (2) Surgery with occlusion
of the common bile duct and hepatic artery and without
that of portal vein, is easy to perform, and has less
trauma and higher survival rate. (3) The common bile
duct and hepatic artery of all the animals are clamped
by the same microvascular clip, which can control
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the strength and time precisely. (4) The animal model
excluded the influence of other surgical operations
(biliary anastomosis, hepatic artery anastomosis, T' tube
detaining), rejection, biliary cold conservation and drug
toxicity. (5) The intrahepatic biliary anatomy, structure
and microcirculation of the rabbits ate similar to those
of humans. Moreover, this animal is cheap and easy to
obtain sufficient samplesl“].

In conclusion, in the present study, by combined
clamping of the common bile duct and hepatic artery
for 2 h, producing the biliary ischemia-reperfusion
injury, and raising the rabbits for 4 wk, the animal
model of ischemic-type intrahepatic biliary lesion in
rabbits was successfully established, which may provide
a reliable technique for basic and clinical research
into the etiology, development and prophylaxis of
ischemic type intrahepatic biliary lesion after liver
transplantation.

COMMENTS

Background

Biliary complications are a major cause of morbidity and graft failure in patients
after orthotopic liver transplantation (OLT). The most troublesome is the so-
called ischemic type biliary lesion (ITBL), which is one of the most important
reasons for liver re-transplantation. Therefore, it is of clinical significance
to establish an animal model of ischemic type intrahepatic biliary lesion for
studying the etiology, development and prophylaxis of ITBL.

Research frontier

ITBL, with an incidence varying between 5% and 15% after OLT, is defined
as non-anastomotic destruction of the graft’s biliary tree after OLT. Although
the exact pathophysiological mechanism of ITBL is still unknown, several risk
factors of this often cumbersome complication have been identified, strongly
suggesting a multi-factorial origin. Therefore, the etiology, development and
prophylaxis of ITBL have been research hotspots.

Innovations and breakthrough

This animal model of ITBL is easy to establish, and has less trauma and a
higher survival rate. Moreover, it can better reflect the clinical procedure of
intrahepatic biliary warm ischemia and reperfusion injury in liver transplantation.
In addition, the model excluded the influence of other operations, rejection and
biliary cold conservation.

Applications

This animal model of ITBL may provide a reliable technique for basic and
clinical research into the etiology, development and prophylaxis of ischemic

type intrahepatic biliary lesion after liver transplantation.

Peer review
The manuscript is of interest as a measure of assessing ischemia of the liver
and bile ducts, and the methods appear acceptable. It is an interesting study.
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Abstract

AIM: To investigate the anti-tumor effects of combined
cytotoxic drug (gemcitabine) and photodynamic
therapy (PDT) on human pancreatic cancer xenograft
in nude mice.

METHODS: Human pancreatic cancer cell line
SW1990 was used in the investigation of the /in vivo
effect of combined gemcitabine and PDT on human
pancreatic cancer xenograft in mice. Sixty mice were
randomly allocated into a control group (without
treatment), photosensitizer treatment group (2 mg/kg
photosan, without illumination), chemotherapy group
(50 mg/kg gemcitabine i.p.), PDT group (2 mg/kg
photosan + laser irradiation) and combined treatment
group (photosan + chemotherapy), with 12 mice in
each group. Tumor size was measured twice every
week. Anti-tumor activity in different groups was
evaluated by tumor growth inhibition (TGI).

RESULTS: No significant anti-tumor effect was
observed either in photosensitizer treatment group
or in chemotherapy group. PDT led to necrosis in
cancer lesions and significantly reduced tumor volume
compared with photosensitizer on day 6 and at the
following time points after initialization of therapy
(0.24 + 0.15-0.49 + 0.08 vs 0.43 + 0.18-1.25 =+
0.09, P < 0.05). PDT significantly reduced tumor

volume in combined treatment group compared with
photosensitizer treatment group (0.12 £ 0.07-0.28
+ 0.12 vs 0.39 + 0.15-1.20 + 0.11, P < 0.05), small
dose chemotherapy group (0.12 £+ 0.07-0.28 £ 0.12 vs
0.32 £ 0.14-1.16 £ 0.08, P < 0.05) and control group
(0.12 £ 0.07-0.28 + 0.12 vs 0.43 £+ 0.18-1.25 + 0.09,
P < 0.05). TGI was higher in the combined treatment
group (82.42%) than in the PDT group (58.18%).

CONCLUSION: PDT has a significant anti-tumor
effect, which is maintained for a short time and can be
significantly enhanced by small doses of gemcitabine.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Pancreatic cancer remains a lethal disease. Most
pancreatic cancer patients are at advanced stage when
apparent symptoms occur. Pancreatic cancer patients
undergoing resection at the time of initial diagnosis
account for less than 20%!", and the 5-year survival
rates after complete and partial pancreatic resection are
15%-25%P7 and 8%-14%*7), respectively. Treatment
modalities for inoperable patients are largely limited
to radiotherapy, chemotherapy, or their combination.
Pancreas is a retroperitoneal organ, with stomach,
intestine, and spinal cord around it. Since the sensitivity
of pancreatic cancer to radiotherapy is poot, and the
tolerant dosage of pancreas tissue is low, radiotherapy
does not lead to a convincing beneficial effect on
survival. Chemotherapy is the main therapeutic method
for advanced pancreatic cancer. 5-fluorouacil is probably
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the most useful single agent for symptomatic reliefl.
Gemcitabine may also have a value for palliation!.
Overall, the prognosis of pancreatic cancer patients
is poor with a 1-year survival rate of about 10%!".
Therefore, new treatment modalities are urgently needed.

Photodynamic therapy (PDT) produces localized
tissue necrosis with light (most conveniently from
a laser), after administration of a photosensitizing
agent in the presence of oxygen!""'?, based on the use
of photosensitizing compounds that localize quite
selectively in neoplastic/hyperplastic tissues and become
cytotoxic when exposed to light"'. In view of the
antitumor effect of single treatment, PDT is local.
PDT in combination with surgery!, radiotherapy!®
ot chemotherapy!"”, has become a subject of research.
New photosensitizers with improved spectroscopic,
photochemical and tissue-localizing properties and
improved laser instrumentation have stimulated attempts
to establish clinical protocols for incorporation of PDT
into multi-treatment modalities!'®24,

Most studies on PDT to date have been on lesions
of the skin or in the wall of hollow organs, but recent
interest is more in its potential for treating lesions
of solid organs such as the pancreas!'™'"*). We have
undertaken experiments on treating pancreatic cancer
of mice with different doses of gemcitabine®!. The
results indicate that the growth of transplanted tumors
can be inhibited by gemcitabine at 100 mg/kg, which
shows severe side effects such as diarrhea, dehydration
and loss of weight™!. When gemcitabine at 100 mg/kg
is used, the growth of transplanted tumors could not be
controlled™!. On the other hand, combined angiogenetic
inhibitors can decrease side effects of gemcitabine,
meanwhile the growth and metastasis of transplanted
tumors are effectively inhibited®.

In this study, gemcitabine was used as a cytotoxic
drug. The cytotoxic and antitumor effects of combined
gemcitabine and PDT were evaluated. Human pancreatic
cancer cell line SW1990 was used in experiments to
assess the effect of gemcitabine or PDT, or their
combination, on pancreatic cancer in accordance with
institutional guidelines.

MATERIALS AND METHODS

Tumor line, animals and drugs

SW1990, a high transferred human pancreatic cancer
cell line (ATCC, Kyriazis MD, USA), was maintained
in Laboratory of Sun Yat-Sen Memorial Hospital and
serially passed in nude mice. Five- to six-week-old
male BALB/c nude mice were obtained from Animal
Center Sun Yat-Sen University. Photosan, a second
generation of photosensitizer, was provided by Diolitec
Pharmaceutical Company (Germany). Gemcitabine was

provided by Lilly Pharmaceutical Company (USA).

Animal model and therapeutic group

Two male nude mice (6 wk of age) were inoculated
subcutaneously with 0.5 X 10" SW1990 cells. Tumors in
subcutaneous tissue were excised and tumor tissue was

implanted subcutaneously in 60 nude mice.

A tumor model was established and observed
for 10-14 d after implantation of tumor tissue.
Tumor-bearing nude mice were divided into control
group (group A), photosensitizer group (group B),
chemotherapy group (group C), PDT group (group D),
and combined group (group E), with 12 mice in each
group.

Forty-eight hours after the mice had photosan,
tumor masses in mice of the PDT group and
combined group were exposed to light (A = 630 nm,
120 J/cm? from a PDT630 semiconductor laser
(Diolitec Pharmaceutical Company) for 20 min.
Gemcitabine (50 mg/kg) was injected into the peritoneal
cavity of mice in the combined group 1 h prior to light
exposure and on days 3, 6 and 9 after light exposure.
The same dose of gemcitabine was given to mice in the
chemotherapy group at the same time point as in the
combined group.

Data collection

All experimental mice were weighed and tumor
diameters were measured with vernier calipers before
treatment and twice a week after treatment. On day 21
after treatment, all experimental mice were sacrificed
with their tumors removed and weighed to obtain tumor
weight (TW). Tumor volume (TV) was determined
accotding to the formula: TV = 3/4 X © X (b/2)* X a/2,
where a is the length and b is the height of the tumor.
Antitumor activity was evaluated by tumor growth
inhibition (T'GI), calculated according to the formula:
TGI = (1 - TW/TW¢) X 100% in treated (T) and
control (C) mice.

Statistical analysis

Data analysis was performed using SPSS11.0 statistical
package (SPSS, Chicago, USA). Tumor response to
treatment was compared using two-way ANOVA and
Student-Neuman-Keuls test. P < 0.05 was considered
statistically significant.

RESULTS

Tumor volume

Tumor volume increased with time after
treatment in the photosensitizer group, small dose
chemotherapy group and control group (Table 1 and
Figure 1). Tumor volume had no significant difference at
the same time point in three groups (ANOVA).

PDT led to nectrosis in cancer lesions. Partial tumor
necrotic tissue was exfoliated and a necrotic edge of
volcano-like uplift was formed 1 wk after treatment.
Tumor volume was significantly reduced in PDT
treatment group compared with the photosensitizer
treatment group and control group at different time
points after initialization of therapy (ANOVA, P < 0.05).
No significant difference in tumor volume was found
on days 3, 6, 9 and 12, but tumor volume increased
significantly on days 15, 18 and 21 (P < 0.05) in the PDT
group after treatment.
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Groups Pre-therapy 3d 6d 9d 12d 15d 18d 21d P
A 0.14 £ 0.09 026+013 043+0.18 056+0.23 0.66+0.23 080+£0.10 1.01+0.12 125+0.09 <0.01
B 0.12 £ 0.06 026+011 039+0.15 051+018 0.62+0.17 0.75+£0.09 093+0.08 120+0.11 <0.01
C 0.13 £0.07 023+010 032+0.14 044+014 057+0.12 0.72+010 091+0.12 1.16+0.08 <0.01
D 0.14 £ 0.08 022+012 024+0.15 024+016 028+0.12 035+010 042+0.12 049+0.08 <0.01
E 0.12 £0.07 013+0.09 014+0.10 015+0.09 0.17+0.08 0.18+0.10 0.22+0.10 0.28+0.12 <0.01
P 0.951 0.038 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Variance-test, P > 0.05.
1.25 - Groups
Control ;‘
—APhotosensitizer 2
1.00 ~ Chemotherapy ~
g —e—PDT / Group Animals (n7) TW (mean + SE) TGI
—m—Conbination
2 o7 L nat ~ A 12 165021 -
S 0.
5 B 12 1.62£0.12 1.80
£ C 12 137£019 17.00
F 050 | D 12 0.69 +0.23 58.18
E 12 0.29 £ 0.20 82.42
025 L P = <0.01 -
Variance-test, P = 0.1.

Figure 1 Tumor volume in different groups after treatment with PDT and/
or gemcitabine (cm’) (mean * SE).

Tumor volume was significantly decreased in the
combined PDT and gemcitabine treatment group
compared with photosensitizer treatment group, small
dose chemotherapy group and control group (P < 0.05).
Tumor volume was significantly smaller in the combined
treatment group than in the PDT group at different time
points after treatment.

Tumor weight and TG/

Tumor weight and TGI of mice in five groups are
listed in Table 2. Tumor weights of mice in the
combination group (0.29 = 0.20 g) and PDT group
(0.69 £ 0.23 g) were significantly lower than those in
the photosensitizer treatment group (1.62 £ 0.12 g),
chemotherapy group (1.37 £ 0.19 g) and control group
(1.65 £ 0.21 g) (P < 0.01). Tumor weights of mice in
the combined group were obviously lower than those
in the PDT group (P < 0.01). The mean tumor weight
of mice in the two groups was significantly different (P
< 0.01). Tumor weights were not significantly different
in the photosensitizer treatment group, small dose
chemotherapy group and control group. TGI (82.42%)
was higher in the combined treatment group than in
the PDT treatment group (58.18%).

Toxicity
The mice in four experimental groups had a loss of
weight during the experiments. The weight in the four
experimental groups was not significantly different from
that in the control group.

Four treatment modalities did not induce signs of
toxicity such as diarrhea and vomiting. No treatment-

related deaths occurred. Mice in the PDT group and
combined treatment group had no skin photosensitivity
to light.

DISCUSSION

PDT may be defined as a treatment based on an oxygen-
dependent reaction between a photosensitizing dye and
light, that is, the light combination of two absolutely
non-toxic elements, drug and light, in the presence of
oxygen, can result in selective destruction of tissuel'*,
The technique consists of administration of a tumor-
localizing photosensitizing agent, which most often
requires metabolic synthesis followed by activation
of the agent by light with a specified wavelength.
Photosensitizing agents used in PDT are macromolecular
materials, which contribute to preferential location in
neoplastic tissues and delay clearance of neoplastic
tissues””l. Therefore, PDT aims at a sequence of
photochemical and photobiological processes that cause
irreversible damage to tumor tissues and little damage
to connective tissues, and maintain the mechanical
integtity of otgans!'>*. It was reported that PDT has a
selective effect on malignant pancreas but no significant
effect on normal pancreas, and could well match other
treatment modalities, except for radical surgery®. In a
pilot clinical trail, Bown e /'™ used PDT in the palliative
treatment of 16 patients with cancers in the pancreatic
head that could not be treated with surgery because
of the advanced nature of the disease or the general
condition of the patients, and they concluded that PDT
may be of value for treating localized cancers in patients
who are poor candidates for definitive surgery or in
whom the location of tumor makes pancreatic resection
inapproptiate. Abulafi ez a#*! and Tseng et al*” reported
that patients with pancreatic and ampullary carcinoma
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who are not suitable for surgery should be treated with
PDT, since PDT is both feasible and safe for small
tumors.

PDT, on the other hand, has some disadvantages
and limitations. Little information is currently available
concerning the uptake of photosensitizer by pancreas or
pancreatic cancer. Local spread of photodynamic agents
to vital organs is common, and may cause perforation
of the duodenum and jejunum, leading to death after
treatment with PDTM''L In addition, large tumor mass
limits PDT to penetrate into the effective depth of tissue
and needs multiple interstitial optical fibers to increase
its volumeP?. Thetefore, the ability of chemotherapeutic
agents to enhance the effects of PDT in cell culture and
transplantable mouse tumors has been studied by several
groupsP’?. Kirveliene ¢ a/*” used murine hepatoma
MH-22A to investigate 7z vitro and in vivo cytotoxic and
anti-tumor effects of doxorubicin (Dox), a conventional
anticancer drug, and PDT, showing that Dox potentiates
therapeutic efficacy of PDT and vice versa, and that the
degree of potentiation is influenced by Dox. Peterson
et a”V and Snyder e a/*? reported that combined
treatment with PDT and Dox is more effective than
treatment with either PDT or Dox alone. Iz vitro studies
have revealed a significant effect of fluoropytimidines!"
and mitomycin C!'"! on the viability of mTHPC-
photosensitized cells. Some studies focused on the
effects of PDT on pancreas cancet!"™'"l. As we know, no
study about the effect of therapy with photodynamic-
cytotoxic agents on pancreatic cancer has been reported.

Gemcitabine is an active nucleoside analogue
against a wide variety of cancers, including non-
small cell lung cancer and pancreatic cancer!””’.
Gemcitabine, acting as an antimetabolite, can inhibit
ribonucleotide reductase and DNA synthesis, and induce
apoptosisP’. Gemcitabine today remains a first-line
drug for patients with advanced pancreatic cancer!™ .
However, it has a narrow therapeutic index due to
rapid enzyme deamination by deoxytidine deaminase
into its corresponding inactive uracil derivative, and
can also induce drug resistance .. Therefore, a high
dose of gemcitabine is needed to achieve the desired
therapeutic response with different adverse effectsP.
To overcome such drawbacks, based on the relation
between quantity and effect of gemcitabine®!, we
used photosan and gemcitabine as representatives of
photosensitizing and cytotoxic agents to investigate
the cytotoxic and antitumor effects of gemcitabine
and PDT on pancreatic cancer iz vivo. The results
indicate that small dose gemcitabine or photosensitizer
can not inhibit the growth of pancreatic cancer. PDT
had a significant anti-tumor effect, but lasted a short
time. Photodynamic-cytotoxic therapy (small dose
gemcitabine) could significantly inhibit the growth of
pancreatic cancer, and showed a relative long-duration
anti-tumor effect compared with PDT. The inhibition
rate of photodynamic-cytotoxic agents and PDT for
tumors was 82.42% and 58.18%, respectively. The
four treatment modalities did not induce any signs of
toxicity such as diarrhea and vomiting. No treatment-

related death occurred. Animals in the PDT group and
combined treatment group had no skin photosensitivity
to light.

In conclusion, low dose gemcitabine increases the
anticancer effect of PDT with no obvious adverse
effects. Combined PDT and gemcitabine can be used in
treatment of pancreatic cancer in patients who are poor
candidates for surgery.
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Background

Most patients with pancreatic cancer are at advanced stage when apparent
symptoms occur. Treatment of pancreatic cancer remains a great challenge,
and new treatment modalities are urgently needed. In this study, gemcitabine
was used as a cytotoxic drug, and cytotoxic and antitumor effects of combined
gemcitabine and photodynamic therapy (PDT) were evaluated.

Research frontiers

Gemcitabine may have a value in treatment of pancreatic cancer. Recently, more
studies on PDT have been focused on solid pancreatic caner. The prognosis
of pancreatic cancer is poor. This is the first report on the synergetic anticancer
effect of combined gemcitabine and PDT on pancreatic cancer in vivo.
Innovations and breakthroughs

The results of this study indicate that PDT-cytotoxic therapy (small dose
gemcitabine) could significantly inhibit the growth of pancreatic cancer, and
showed a relative long duration of anti-tumor effect compared with PDT.
This study first demonstrated that low dose gemcitabine could increase the
anticancer effect of PDT with no obvious adverse effects.

Applications
Combined PDT and gemcitabine therapy can be used in treatment of patients
who are poor candidates for surgery.

Terminology

PDT is a way to produce local tissue necrosis with light (most conveniently
from a laser) after administration of a photosensitizing agent in the presence of
oxygen. PDT is based on the use of photosensitizing compounds that localize
quite selectively in neoplastic/hyperplastic tissues and become cytotoxic when
exposed to light.

Peer review

The study revealed that PDT can significantly inhibit the growth of pancreatic
cancer, and its effect could be significantly enhanced by a small dose of
gemcitabine. The findings are of great interest and provide a foundation for its
application in clinical practice. The data are reliable and valuable.
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Abstract

AIM: To evaluate the diagnosis of chest pain with
foregut symptoms in Chinese patients.

METHODS: Esophageal manometric studies,
24-h introesophageal pH monitoring and 24-h
electrocardiograms (Holter electrocardiography) were
performed in 61 patients with chest pain.

RESULTS: Thirty-nine patients were diagnosed with
non-specific esophageal motility disorders (29 patients
with abnormal gastroesophageal reflux and eight
patients with myocardial ischemia). Five patients
had diffuse spasm of the esophagus plus abnormal
gastroesophageal reflux (two patients had concomitant
myocardial ischemia), and one patient was diagnosed
with nutcracker esophagus.

CONCLUSION: The esophageal manometric studies,
24-h intra-esophageal pH monitoring and Holter
electrocardiography are significant for the differential
diagnosis of chest pain, particularly in patients with
foregut symptoms. In cases of esophageal motility
disorders, pathological gastroesophageal reflux may
be a major cause of chest pain with non-specific
esophageal motility disorders. Spasm of the esophageal
smooth muscle might affect the heart-coronary smooth
muscle, leading to myocardial ischemia.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Recent reports!'? have indicated that recurrent chest
pain is often a result of esophageal motility disorders
or gastroesophageal reflux diseases (GERD), which is
known as esophageal chest pain. Esophageal chest pain
1s very similar to symptoms seen during myocardial
ischemia. It is also observed in patients with coronary
artery disease with similar incidence (i.e. linked angina)P.
As a result, differential diagnosis is often difficult
and many patients with esophageal chest pain are
misdiagnosed as having coronary artery disease!. Hence,
the percentage of patients that are correctly treated and
cured is relatively low. It is well known that esophageal
manometry and 24-h intra-esophageal pH monitoring
provide accurate diagnoses of esophageal motility
disorders. As an incentive, Holter electrocardiography
i1s more economical for these patients from developing
countries compared to coronary artery opacification.
Previous reports have focused on the diagnosis
of unclear chest pain via both coronary artery 24-h
intra-esophageal pH monitoring and coronary artery
opacification, which is very expensive to the patient,
particularly in developing countries. In addition, very
few studies have shown the efficacy of combined
esophageal manometry, 24-h intra-esophageal pH
monitoring, and electrocardiograms from Holter
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monitoring and the results have been inconclusive.
Paterson ¢ al' reported that thete was no correlation
between the incidence of chest pain and changes in
esophageal manometry, 24-h intra-esophageal pH
monitoring, and Holter electrocardiography. Wright
et al® reported that physiologic gastroesophageal
reflux does not induce electrocardiographic changes
from Holter monitoring. However, Dobrzycki e a/”
and Patai et a/¥ reported distinguishable alterations
in 24-h intra-esophageal pH monitoring and Holter
electrocardiography during chest pain. As a result,
it was thought that simultaneous 24-h esophageal
pH manometry and electrocardiograms from Holter
monitoring could contribute to the diagnosis of
atypical chest pain. However, up to now, many
questions remain unaddressed. Can esophageal motility
disorders affect myocardial ischemia? Can GERD
affect myocardial ischemia? All of these diseases can
cause chest pain, so it is unclear how to differentiate
between cause and effect in these patients. Is there any
clinical significance to the combination of these three
types of monitoring in the differential diagnosis of
unclear chest pain? Here, we present our experience in
the combined application of monitoring over the past
6 years.

MATERIALS AND METHODS

Patients

From September 2001 to May 2007, 61 Chinese
patients with chest pain from the thoracic surgery
department were enrolled into this study. The patients
were both male (27) and female (34), ranging in age
from 18 to 69 years (average age: 45.5 years). All
patients had complaints of varying degrees of chest
pain and most had symptoms of retrosternal pain or
backache, ranging in duration from 60 d to 5 years
(average duration of pain: 14.5 mo). Twenty patients had
intermittent dysphagia and 40 had other symptoms such
as regurgitation. There were no abnormalities in their
hemogram, chest X-rays, routine electrocardiograms or
esophago-gastroscopy.

Methods

Esophageal motility was studied by standard water
perfusion and stationary manometry (Medtronic
DPT-6000, Smith Medical, Sweden) with computer-
assisted analysis (Polygram 2.0, Smith Medical, Sweden)
of the tracings according to a previously published
protocol® . Briefly, a station pull-through technique was
applied, and measurements were made at the pressure
levels of the lower esophageal sphincter (LESP), the
relaxation rate of the lower esophageal sphincter
(LESRR), the esophageal body, the upper esophageal
sphincter and the pharynx.

Twenty-four-hour intra-esophageal pH was
monitored using the classical DeMeester criterial'l. A
single channel, nasoesophageal, antimony pH-probe
(Synectics Medical, Sweden) was positioned 5 cm above
the lower esophageal sphincter and was connected to a

portable data acquisition system (Digitrapper Mark 11
Gold, Synectics Medical, Sweden). Following 24-h intra-
esophageal pH monitoring, chest leads at CM1, CM5
and CMF of a digital ambulatory 24-h Holter monitor
(Life Card CF, Reynolds Medical, England) were
positioned. Holter studies and 24-h pH monitoring were
performed simultaneously. Following 24-h monitoring,
data from the two monitors were analyzed by software
(supplied by Life Card CF, Reynolds Medical, England
and Digitrapper Mark I Gold, Synectics Medical,
Sweden).

RESULTS

Results interpretation

Esophageal contraction waves following swallowing
were classified as (1) peristaltic, (2) simultaneous,
(3) interrupted, or (4) dropped. Primary esophageal
motility disorders were classified according to Chinese
standards!?: (1) Diffuse esophageal spasm; (2)
Nutcracker esophagus; or (3) Non-specific esophageal
motility disorders. Abnormal gastro-esophageal reflux
was considered when the score was > 14.72. If the
decreasing amplitude of the ST segment was above 0.1
mV, chest pain arousing from myocardial ischemia was
considered, according to an electrocardiogram obtained
from the Holter monitor.

Results of combined examination
In the present case report, 45 of 61 patients had
different types of esophageal motility disorders (Table 1).
The episodes of pain are shown in Table 1. Results
of esophageal manometric studies and 24-h intra-
esophageal pH monitoring are presented in Table 2.
Eight patients were diagnosed with myocardial
ischemia and non-specific esophageal motility disorders.
Two patients were diagnosed with myocardial ischemia
and diffuse spasm of the esophagus. Of the above 10
patients, eight had myocardial ischemia, which occurred
with simultaneous abnormal gastroesophageal reflux

(GERD) (Figure 1).

DISCUSSION

Recurrent chest pain is typically general and difficult
to identify. Shrestha ez a/" reported that 30% of non-
cardiac chest pain was caused by esophageal diseases
such as GERD. Since the innervation and location of
the esophageal nervous system in the body overlaps with
the cardiac nervous system, symptoms are often similar.
As a result, patients with esophageal chest pain are
often misdiagnosed as having cotonary artery disease™’.
Therefore, it is important for physicians to pay particular
attention to the differential diagnosis of inconclusive
esophageal chest pain.

As for the differential diagnosis of chest pain,
there are very few studies investigating combined 24-h
intra-esophageal pH and electrocardiograms from
Holter monitoring. Several studies®® have found that
there is minimal correlation between the incidence of
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Diagnosis Number cases and pain Cases combined with abnormal gastroesophageal Cases combined with myocardial ischemia
episodes reflux
Cases Pain episodes Cases Pain episodes Pain episodes with Cases  Pain episodes Pain episodes with
changes in 24-h pH changes in Holter
monitoring monitoring
Non-specific esophageal 39 312 29 235 156 8 61 10
motility disorders
Diffuse spasm of esophagus 5 65 5 65 53 2 25 13
Nutcracker esophagus 1 18 0 18 0 0 0 0
Normal case 16 83 0 0 0 0 0 0
Consolidation of table 61 478 34 366 0 10 86 23
Cases LESP LESRR Overall length ~ Abdominal Swallow waves pH monitoring
of LES length of LES DeMeester scores
Non-specific 39 Reduced in29 Reduced in28 Reducedin21 Reducedin18 39 patients with simultaneous non- 60.2+12.4
esophageal patients (9.32 £ patients (52.18 + patients (2.3 + patients (1.2 + transmitted waves
motility disorders 1.53 mmHg) 20.51%) 0.1 cm) 0.1 cm)
Diffuse spasmof 5 Normal in 5 Reduced in 5 Normalin5  Normalin5 20% or more simultaneous contractions 80.4 +35.5
esophagus patients (18.35 + patients (30.50% patients (3.3 + patients (2.0 + in response to wet swallows appearing
2.92 mmHg) +6.65%) 0.3 cm) 0.1 cm) in all five patients
Nutcracker 1 12.2 mmHg 64.0% 4.0cm 2.5cm High amplitude contracting wave
esophagus appearing above 229.7 mmHg

chest pain and changes in esophageal dysfunction and
myocardial ischemia monitoring, while others have
reported the opposite™. Therefore, in the present
study, we reassessed the significance of the combined
monitoring. In our study, 45 of 61 patients had
esophageal disorders (the rate was 73.7%, which was
rather high since the patients were recruited from the
thoracic surgery outpatient clinic and some of them had
pre-existing upper gastrointestinal symptoms such as
dysphagia or regurgitation), and 10 (16.4%) patients had
myocardial ischemia. We think that the main reason for
the weak correlation between incidences of chest pain
and changes in the combined monitoring reported by
Paterson e/ al' and Wright e a/ may be as follows: (1)
the number of samples that were selected randomly was
relatively small; and (2) there may have been an unknown
heterogeneity of patient populations.

HEsophageal motility disorders are the most common
cause of esophageal chest pain!'". Non-transmitted
contraction waves appeared in all of the 39 patients
with non-specific esophageal motility disorders, while 29
patients had abnormal gastroesophageal reflux. Among
the total 235 pain episodes, 156 had changes in 24-h pH
monitoring, indicating that abnormal gastroesophageal
reflux may be the main cause of chest pain in these
patients, confirmed by the observation by Patai ez a/®
showing that proton pump inhibition with omeprazole
alleviated gastroesophageal reflux as well as spontaneous
chest pain. Interestingly, exercise potentiated the effect
of intra-esophageal pH monitoring on electrocardiogram
abnormalities (Badzynski ef af™).

In the five patients with diffuse spasm of the

esophagus, 20% or more had simultaneous contractions
in response to wet swallows. However, some degree
of peristaltic function was retained and the differential
diagnosis could be made between diffuse spasm of
the esophagus and achalasia. All of the five cases were
defined as secondary diffuse spasm of the esophagus
due to abnormal gastroesophageal reflux!"l. Two patients
were diagnosed as having simultaneous diffuse spasm
of the esophagus, myocardial ischemia, and GERD. We
hereby hypothesize that diffuse spasm of the esophageal
smooth muscle might affect spasm of the heart-coronary
smooth muscle, leading to myocardial ischemia. All of
these could be caused by a disturbance of the nervous
system controlling the esophagus and cardiovascular
system. It is interesting that this presumption is
supported by Manftini ez /"%, in which esophageal spasm
was considered to be related to myocardial ischemia
(P < 0.05). Bidirectional analysis of causal effects
showed that the influence between esophageal and
coronary spasms was mutual and reciprocal in seven
patients with variant angina. In two patients in our
study, 25 pain episodes occurred with eight episodes
causing changes in 24-h pH and Holter monitoring, This
fact indicates that myocardial ischemia may occur with
GERD, especially in patients with diffuse spasm of the
esophagus.

Amplitude of the contractive wave in the patients
with nutcracker esophagus was 229.7 mmHg, consistent
with the diagnostic criterial'”l.

Hence, combined monitoring of esophageal
manometry, 24-h intra-esophageal pH and
electrocardiograms from Holter monitoring are very
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Figure 1 Curves of 24-h intra-esophageal pH monitoring and Holter electrocardiography in a patient with abnormal gastroesophageal reflux show the
decreasing amplitude of the ST segment. A: Ranged from 0.05 mV to 0.15 mV in 9 min. The results also indicate that abnormal gastroesophageal reflux occurred
during this period; B: 0.1 mV to 0.3 mV in from 12:38:07 to 20:50:02. The results also indicate that abnormal gastro-esophageal reflux occurred during this period.

significant for the diagnosis of recurrent chest pain,
particularly for patients with foregut symptoms. We
therefore, suggest that the diagnostic procedures of
cloudy chest pain should be undertaken as follows.
Firstly, the patients with cloudy chest pain should
undergo routine examination including hemogram,
chest X-rays, routine electrocardiogram and esophago-
gastroscopy, in order to exclude severe diseases such as
tumor or myocardial infarction. Secondly, the combined
examinations should be recommended to the patients
without the positive results of the routine examinations
and with foregut symptoms as the “final step” in the
diagnostic procedures. The detection rate is satisfactorily
high, as shown in our cases. In conclusion, as an added
incentive, the combined monitoring is very cost-effective
for the patients, with a total cost of approximately 50 US
dollars.
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Background

Studies on unclear chest pain are timely and important with the growing age
of the world’s population. However, very few studies have been performed
about esophageal manometric studies, 24-h intra-esophageal pH monitoring
and a Holter electrocardiography for the differential diagnosis of chest
pain caused by esophageal dysfunctional and/or myocardial ischemia.
Interestingly, the results of published papers on the combined monitoring
have been inconclusive.

Research frontiers

The aim of the present study was to evaluate the significance of combined
monitoring in the diagnosis of chest pain with foregut symptoms in Chinese
patients.

Innovations and breakthroughs

The study indicated that spasm of the esophageal smooth muscle might
affect the heart-coronary smooth muscle, leading to myocardial ischemia. The
combination of esophageal manometric studies, 24-h intra-esophageal pH
monitoring and Holter electrocardiography are significant for the differential
diagnosis of chest pain, particularly with foregut symptoms. As an added
incentive, combined monitoring is very cost-effective for the patients, especially
those from developing countries.
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The manuscript describes an interesting study that aimed to demonstrate the
etiology of chest pain. In fact, it is well known that non-cardiac chest pain is
associated with GERD in about 50% of cases and that spastic esophageal
motility disorders are related to chest pain. This study revisits the conflicting
situation concerning the precise primary cause of chest pain, especially in
patients in whom myocardial ischemia, GERD and esophageal spastic motility

disorders are simultaneously found. As the authors pointed out, it has been
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Abstract

AIM: To assess the efficacy of combined transcatheter
arterial chemoembolization (TACE) and percutaneous
microwave coagulation therapy (PMCT) for small
hepatocellular carcinoma (HCC).

METHODS: Thirty-five patients with a total of 41
HCC nodules (< 3 cm in diameter) were treated with
TACE followed by computed tomograghy (CT)-guided
percutaneous microwave coagulation therapy (PMCT)
within 1-3 wk.

RESULTS: By biopsies and enhanced CT scans,
complete necrosis of the tumor and 3-5 mm of the
surrounding non-cancerous area were observed in
34 foci. In seven foci, incomplete necrosis of the
surrounding parenchyma was observed. Serum alpha-
fetoprotein (AFP) levels returned to normal 10 d after
treatment in 25 patients who originally had high serum
AFP levels. The follow-up period was 6-31 mo, and all
patients remained alive. One patient had a recurrence
in the subsegments of the liver, and another patient
had a recurrence near the original lesion.

CONCLUSION: Combined therapy with TACE and
PMCT is a safe and effective treatment without severe
complications for small HCC.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Surgical resection!!] transcatheter arterial chemoem-
bolization (TACE), and percutaneous ethanol injection
(PED)* are effective therapies for small hepatocellular
carcinoma (HCC). However, for patients with poor liver
functions, hepatectomy is not the first treatment choice.
TACE is not effective for HCC with a poor blood
supply”, and PEI only yields incomplete necrosis of
the tumor due to the uneven distribution of ethanol®.
Although percutaneous microwave coagulation
therapy (PMCT) can lead to complete necrosis of the
hepatocarcinoma cells, the induced area of necrosis
is small”™. TACE has the advantage of reducing the
local blood supply of the tumor foci, resulting in
tissue necrosis and inflammatory edema. Therefore,
it can decrease the cooling effect of blood flow on
the heating action of microwaves, and enhance the
coagulation action of microwaves’. In the present study,
we investigate the therapeutic efficacy of the combied
therapy of TACE and PMCT for the treatment of small
HCC.

MATERIALS AND METHODS

Patient data

A total of 35 patients received the combined therapy
of TACE and PMCT in our hospital between April
2005 and May 2007. These patients comprised 27 males
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and cight females, with an age range of 27-78 years,
and a mean age of 56.69 * 14.02 years. All patients
had a history of hepatitis B and liver cirrhosis, with
liver functions categorized as class A by Child-Pugh
classification. All of the cases met the diagnostic criteria
of primary HCC. Twenty-eight cases were confirmed
by pathological examination of puncture-biopsied
specimens under the guidance of computed tomograghy
(CT) before PMCT. Twenty-five cases had elevated
levels of serum alpha-fetoprotein (AFP). The size of
the tumor focus was determined by measutement of the
largest and shortest diameters of the largest section. All
tumor foci were less than 3 cm in diameter.

Therapeutic methods

All patients were initially treated with TACE.
Hepatic artery angiography was performed using the
Seldinger technique. Femoral arterial catheterization
was conducted through the common hepatic artery
or proper hepatic artery, and the location, number,
size, and blood supply of the tumors were evaluated.
Subsequently, a microcatheter was super-selectively
inserted into the hepatic lobe or hepatic segmental
artery branch, and mixed suspensions of iodized oil
(3-6 mL) and epirubicin (20-30 mg) were infused into
the artery through the catheter. Finally, gelatin sponge
particles were infused to embolize the artery until the
arterial blood flow supplying the tumor was completely
blocked.

PMCT was initiated 1-3 wk after TACE. The
microwave therapeutic device, FORSEA MTC-3 for
inter-tissue tumor treatment, was produced by Nanjing
Qinghai Microwave Electric Institute (Nanjing, China).
The diameter of its electrode needle was 14 G, and the
instrument was cooled by a cold water cycling system. To
relieve pain in the patients, dolantin (100 mg) and valium
(10 mg) were injected intramuscularly 5 min before the
PMCT.

The puncture site and pathway were determined
under the guidance of CT. After anesthetizing the
puncture site with 2% lidocaine, a 12 G guide-needle was
placed at its opposite side, across the tumor focus. The
electrode needle of the microwave device was connected
to the output machine of the microwave instrument via
a flexible coaxial cable, and the cooling water tube was
connected. The constant-flow pump was switched on
to test the functioning of the cold water cycling system.
The inner needle of the guide-needle was withdrawn,
and the electrode needle of the microwave machine was
inserted through the outer needle of the guide to place
the electrode in the tumor area. The microwave power
was set at 60-70 W. The coagulation time for each focus
was 10-15 min, and the coagulation area covering the
tumor focus and its surrounding area measured 5 mm or
more. If a single needle coagulation treatment did not
produce satisfactory results, a second PMCT therapy was
conducted a week later.

After TACE and PMCT treatment, liver protection,
anti-inflammatory and sedation therapies were

prescribed. A follow-up study by repeat CT (plain and

Figure 1 Pathological examinations of biopsied specimens and
enhanced CT after PMCT showed complete tumor necrosis in 34
foci, together with complete ring-shaped necrosis of the sur-
rounding non-cancerous hepatic parenchymal tissue, measuring
3-5 mm in width. A: CT scan of a primary HCC in the right anterior
lobe of the liver, with a diameter of 1.6 cm x 1.4 cm; B: After TACE, the
accumulation of iodized oil in the tumor area was satisfactory; C: PMCT
was initiated 17 d later; D: One month after PMCT, an enhanced CT scan
showed a complete non-enhanced area of the tumor, and a non-cancerous
ring-shaped area surrounding the tumor (measuring 4-5 mm), indicating
complete necrosis of the tumor lesion.

enhanced) and serum AFP level measurement was
conducted once every 1-2 mo.

RESULTS

One to three weeks after all 41 foci were treated with
TACE, these foci received PMCT treatment once.
Among them, six foci were treated with a second PMCT
within 1 wk.

Pathological examinations of biopsied specimens
and enhanced CT after PMCT showed complete
tumor necrosis in 34 foci, together with complete ring-
shaped necrosis of the surrounding non-cancerous
hepatic parenchymal tissue, measuring 3-5 mm in width
(Figure 1). Seven other foci showed complete necrosis of
the tumor, with incomplete necrosis of the surrounding
non-cancerous hepatic parenchyma.

Among the 35 patients, serum AFP levels were
elevated in 25; the AFP levels in these 25 patients
returned to normal within 10 d after treatment.

Post-embolization symptoms included fever, pain,
nausea, and vomiting after TACE, all of which were
relieved by anti-inflammatory, liver protection, and
sedation treatment. In the process of PMCT, most
patients complained of local burning pain, which was
generally tolerable, but in some patients, the microwave
coagulation therapy had to be carried out intermittently.
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After PMCT, some patients reported having fever and
local pain, but these were not severe. Complications
such as hemorrhage, subcapsular hematoma of the liver,
or biliary duct damage were not found, nor was local
dissemination of cancer cells along the puncture needle
pathway.

All patients were followed up for 6-31 mo. No
recurrence was found in 33 patients. One patient had
a gradual increase of serum AFP levels 10 mo after
the treatment, but repeat CT and magnetic resonance
imaging (MRI) examinations revealed no recurrence.
However, hepatic arteriography detected new tumor foci
in the segments of the liver. Another patient showed
an elevation of serum AFP levels 8 mo after treatment,
and a CT scan showed recurrence in the lateral side of
the original focus. The recurring foci were all treated
with TACE and PMCT again. All patients remained alive
during the follow-up period.

DISCUSSION
The mechanism of PMCT for HCC is based on the

heating effect of microwaves and the sensitivity of
the tumor to the heating action. The high temperature
produced by the electrodes inserted into the tumor
tissue results in the rapid coagulation and necrosis of
the tumor tissue, thus achieving the goal of destroying
the tumor. The area of PMCT is related to the diameter
and number of the microwave electrode, the output
power of the machine, coagulation time, and local
blood circulation!*!3, Increases in the diameter of the
clectrodes, the output power, and the coagulation time
may enlarge the treatment areas of PMCT. However,
increasing the diameter of the electrodes may also
lead to increased rates of post-puncture hemorrhage,
and an extension of the coagulation time may result in
more pain for the patients. In practice, the diameter of
the electrode and the output power of the microwave
therapeutic machine are constant. Therefore, reducing
the local blood supply is the only approach to achieving
the goal of increasing the PMCT area.

It is well known that primary HCC possesses an
abundant blood supply. TACE through the hepatic
artery, especially the injection of iodine oil and gelatin
sponge particles, blocks the artery supply to the tumor.
The iodine oil can fill up the portal vein surrounding the
tumor through the communication branches connecting

04151 Thus, it can decrease

the arterial and portal veins
the blood flow volume of the portal vein, and alleviate
the adverse cooling effect induced by abundant blood
flow!'®!'", In addition, TACE can result in ischemia
of the tumor tissue and inflammatory edema, which
accelerates tumor necrosis and enhances the coagulation
effect of microwaves!'®. This forms the theoretical
basis for the combined therapy of transcatheter hepatic
artery chemoembolization with percutaneous microwave
ablation for small HCC. Ishida ez o' used hepatic artery
embolization combined with a temporal block of the
hepatic vein to reduce the segmental blood supply to the
tumor. The therapeutic range of PMCT was increased;

however, the procedures were too complicated to be
practiced often.

Primary HCC is a malignancy that usually develops
from liver cirrhosis, and is likely to have multiple
foci. Although modern advanced diagnostic imaging
techniques (spiral CT and MRI) can detect tumor
nodules smaller than 1 c¢m, the detection rate is quite
low. TACE therapy ptior to PMCT enhances the efficacy
of the latter. In addition, TACE can also help detect
nodules that are undetectable by conventional imaging
techniques, because digital subtraction angiography and
the so-called iodine o0il-CT are still the best methods
for the detection of small HCC. Another advantage of
TACE therapy prior to PMCT is that TACE can quickly
and effectively control the foci that are inaccessible to
PMCT.

Seki er al*” treated 18 cases of small HCC of less
than 3 cm using PMCT, and achieved complete necrosis
in 17 of them. After a follow-up of 12-31 mo, all the
patients were still alive. Lu ¢ a/*"! treated 67 cases of
small HCC of less than 3 cm using the microwave
therapy device produced by Nanjing Qinghai Company
(Nanjing, China), and achieved a complete necrosis
rate of 94% (63 cases). We used a combined therapy
of transcatheter hepatic artery chemoembolization
with PMCT for 35 cases of small HCC, and achieved
complete necrosis in all cases. After a follow-up of 6-31
mo, only one patient had a recurrence at the original
tumor site. Liang ¢# a#*? analyzed the correlative factors
for the prognosis of 288 HCC patients who received
PMCT. They concluded that HCC patients with a single
focus of a diameter < 4 cm, and a liver function of
Child-Pugh class A can have long-term survival after
PMCT. Therefore, PMCT is ideal for small HCC. It can
completely substitute for surgical resection, especially for
elderly patients or those with a poor general condition or
poor liver function®!.

Pathological examinations indicate that HCC is very
likely to invade the capsule ot extracapsular tissues™ .
Therefore, to achieve the goal of complete necrosis
of tumor tissue and to increase its overall therapeutic
efficacy, PMCT must not only destroy the tumor
cells in the center of the tumor, but also destroy the
adjacent non-cancerous hepatic parenchyma tissue.
The microwave therapy device used in our study could
produce coagulative tissue necrosis with a diameter of
4-5 cm under the conditions of an output power of
60-70 W, and a coagulation time of 15 min. By TACE,
the area of tissue necrosis using a single needle electrode
was even larger, completely covering a liver cancer
nodule of < 3 cm, with a tumor-free margin of 5 mm.
Among our patients, there was one case of recurrence
at the original tumor site, with incomplete liver necrosis
of the surrounding non-cancerous liver parenchyma.
This was probably due to the invasion of the tumor
into the capsule or subcapsular tissues, or an insufficient
coagulation time, which resulted in the incomplete killing
of the tumor cells.

Compared with ultrasound-guided treatment, the
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present study was carried out under guidance of CT and
has multiple advantages?®**". It allows for determination
of the precise locations of the foci, especially after
TACE because iodine oil accumulation in the tumor
foci makes the identification of their location and range
easier. Additionally, when a plain CT scan is unable to
clearly show the location of a tumor due to its small size,
CT-guided puncturing of the focus can be performed
based on the result of the MRI scan, thus reducing
the “blindness” of the therapy. Finally, CT-guided
liver puncturing has almost no “blind area”, and is not
affected by the adjacent organ full of gas.

Only mild adverse reactions were reported by our
patients treated by PMCT. Local pain, during and after
the treatment, was not very severe. No internal bleeding,
subcapsular hematoma, biliary duct damage, or spreading
of the tumor along the puncturing pathway were found.
This suggests that PMCT is a safe therapy. Our results
show that the combined TACE and PMCT for small
HCC (< 3 cm in diameter) is minimally invasive, simple
and efficacious. Although further studies are needed,
this combined therapy appears to be the first choice of
treatment for small HCC that is unsuitable for surgical
resection.
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Abstract

Anti-hepatitis B virus (HBV) therapy leads to the emer-
gence of mutant viral strains during the treatment
of chronic hepatitis B with nucleos(t)ides analogues.
The existence of HBV variants with primary antiviral
resistance may be important for treatment choice.
We studied two patients with chronic HBV infection
by sequencing the HBV polymerase gene. They had
adefovir- and tenofovir-related mutations in the viral
polymerase, although they had never been treated.
These mutations were rtV214A/rtN238T in one patient
and rtA194T in the other. Thus, mutations in untreated
patients deserve cautious surveillance. These data in-
dicate that mutations that can theoretically confer ade-
fovir or tenofovir resistance may emerge in treatment-
naive patients.

© 2009 The WG Press and Baishideng. All rights reserved.
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INTRODUCTION

Hepatitis B virus (HBV) infection is a major public
health problem, with approximately 350 million
individuals chronically infected worldwide. Chronic
HBYV carriers are exposed to the risk of complications,
including chronic hepatitis, cirrhosis and hepatocellular
carcinoma. Up to one million people die every year from
complications of HBV infection!".

The discovery and clinical use of antiviral agents,
targeting in particular the viral reverse transcriptase, have
revolutionized therapy for patients chronically infected
with HBVP. While each nucleotide ot nucleoside
produces efficient viral suppression, they induce
only modest rates of HBV surface antigen (HBsAg)
seroconversion and require long-term administration
to control disease in patients. The need for long-term
therapy necessitates drug safety and the ability to delay or
manage the emergence of resistant HBV strains??l. The
clinical benefit of these therapies has been compromised
by the emergence of resistant viral strains that carry
specific mutations in the polymerase genel®’. Elsewhere,
mutations can be observed in treatment-naive patients,
but very little is known about the frequency and impact
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of these HBV variants®!",

In this context, different treatment options for the
optimal management of chronic hepatitis B deserve to
be mentioned. According to the European Association
for the Study of the Liver, interferon alpha or
nucleos(t)ides analogues can be used". The indications
for treatment, for patients with HBe antigen (HBeAg)-
positive or -negative chronic HBV infection, are based
on three criteria: serum HBV DNA > 2000 1U/ml.,
serum alanine aminotransferase (ALT) above the upper
limit of normal, and liver biopsy showing at least grade
A2 or stage F2 by METAVIR scoring. As a summary of
recommendations, interferon can be proposed in patients
with high baseline ALT (> 3 times upper limit of
normal) and HBV DNA < 2 X 10° TU/mlL at baseline.
Interferon gives higher rates of HBeAg and HBsAg
seroconversion but has frequent side effects. The second
option is treatment with nucleos(t)ides analogues with
potent antiviral efficacy, good tolerance but lower rates
of HBe and HBs seroconversion, possibly indefinite
duration of treatment, and risk of HBV resistance.

In the context of the introduction of HBV
sequencing in the Virology Laboratory of Strasbourg
University Hospital, with the aim to explore genotypic
viral resistance, 14 untreated patients with chronic HBV
infection were investigated for the HBV polymerase
gene. Two of 14 patients showed, in the absence of
treatment pressure, mutations theoretically linked to
adefovir and tenofovir pressure.

CASE REPORT

In December 2005, a 50-year-old Vietnamese man was
diagnosed with chronic HBV infection, without co-
infection by hepatitis delta virus, hepatitis C virus (HCV)
or human immunodeficiency virus (HIV). This diagnosis
was established by exploring asthenia associated with
arthralgia. As mentioned during the medical investigation
when the patient was admitted to the University Hospital
of Strasbourg, the infection was acquired by vertical
transmission, which is common in Asial*’. At the time
of diagnosis, HBsAg and HBeAg were positive and anti-
HBc antibodies were detected. The patient’s ALT and
aspartate aminotransferase (AST) values were seven
times the upper limit of normal. The viral load was
1.08 X 10° IU/mL (COBAS TagMan HBV test; Roche
Diagnostics). In March 20006, a liver biopsy confirmed
the diagnosis of chronic hepatitis B with moderate
activity and extensive fibrosis (Metavir score A2F3).
Sequencing of the HBV polymerase (TRUGENE® HBV
genotyping kit; Siemens Medical Solutions Diagnostics,
France) revealed two mutations potentially linked to
adefovir resistance: rtV214A and rtN238T (confirmed
by a second sequencing).

The second patient, a 35-year-old Moroccan man,
was diagnosed with HBV infection in May 2003, without
co-infection by hepatitis delta virus, HCV or HIV. He
presented no past history of hospitalization, transfusion
or drug addiction. HBsAg was positive, HBeAg was
negative, and anti-HBc antibodies were detected in

the absence of anti-HBs antibodies. The viral load
was 43200 copies/mL (Amplicor HBV test; Roche
Diagnostics). ALT and AST values were normal. A liver
biopsy performed in July 2003 confirmed the diagnosis
of chronic hepatitis B (Metavir score A1F0). Therefore,
a simple follow-up was proposed to the patient. In
December 2005, sequencing of the viral genome
revealed an rtA194T mutation of the polymerase
(confirmed by a second sequencing), possibly linked to
tenofovir resistance.

DISCUSSION

In these two cases, viral variants with mutations that
confer potential adefovir or tenofovir resistance were
discovered in patients who had never been treated.

The rate of selection of adefovir resistance is
around 30% after 5 years of treatment. Adefovir
resistance is associated with a primary mutation in
the D domain at rtN236T. In addition, a number of
other mutations have been detected that cluster into
three distinct regions of the polymerase: the D and A
domains (rtP237H, rtN238T/D, rtV84M and rtS85A);
the B domain at rtA181T/V; and the C-D interdomain
(rtV214A, rtQ215S). These mutations may be regarded
as secondary resistance mutations, as they are associated
only with very low-level resistance 7z vitro. These
secondary mutations have also been detected in the
absence of rtN236T (both alone and in combination)
in patients who have either not responded or have had
a virological breakthrough duting adefovir treatment.
The rtN238T mutation may be involved in disruption of
triphosphate binding in viral polymerase. However, other
authors have suggested that background polymorphisms
including rtV214A and rtN238T could exist without any
impact on antiviral treatment failurc®.

Tenofovir resistance conferred by rtA194T in
association with the changes that cause lamivudine
resistance, i.e. rtl.180M and rtM204V, has been observed
in individuals who are co-infected with HBV and
HIV-1M%"l. Howevert, the analysis reported by other
authors has not provided a clear association between
ttA194T and viral load rebound™. Thus, the potential
impact of this mutation on tenofovir susceptibility
deserves further study.

Two hypotheses come to mind. The first one is that
the mutations appeared in the course of the chronic
infection. The probability of selecting antiviral resistance
1s usually proportional to the intensity of selection
ptessure and the diversity of HBV quasispecies!l. In
our cases, treatment was not the means of selection
pressure that allowed the mutated clones to take over. In
our study, the pressure may correspond to the patients’
immune system, or the mutant clones that bear the
rtV214A, rtN238T or rtA194T mutations may confer
a replication advantage on the wild-type virus. This
hypothesis suggests that there is a natural polymorphism
in the population with chronic hepatitis B, which might
predispose to resistance to certain antiviral agents. The
second hypothesis is that the patients may have been
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infected with strains from other patients who had been
treated with the corresponding nucleotide analogues.

Although the fact that two treatment-naive patients
were infected by HBV strains with mutations in viral
polymerase is interesting, two limitations have to be
considered. First, since only 14 patients were studied, the
prevalence of these changes in treatment-naive patients
cannot be safely established. Large-scale investigations in
HBV-infected patients, before any anti-HBV treatment,
should be conducted in otder to determine this
prevalence. Second, the changes observed in positions
194, 214 and 238 of HBV polymerase do not represent
well-established HBV resistance mutations!*®. Based
on in vitro results, with controversial data reported for
the rtA194T change by Delaney e @/ and for rtV214A
and rtN238T by Borroto-Esoda e o/l the clinical
significance of these mutants remains questionable.

In conclusion, our results concerning HBV mutations
in treatment-naive patients that potentially confer
resistance suggest the need for studies on large cohorts.
By analyzing HBV sequences before antiviral therapy
with analogues in treatment-naive patients, the clinical
impact of pre-treatment mutations on the efficacy of
antiviral therapy may be better characterized!'.
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Abstract

A 68-year-old man underwent laparoscopic low
anterior resection for rectal carcinoma in December
2006. Nearly 19 mo after the operation, he developed
recurrent rectal cancer with peritoneal metastasis.
In September 2008, he subsequently underwent
a laparotomy with a peritonectomy, omentectomy,
splenectomy, and a Hartmann procedure. Hyperthermic
intraperitoneal oxaliplatin 750 mg was administered.
The patient was discharged with no postoperative
complications and has been well with postoperative
FOLFOX chemotherapy.
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INTRODUCTION

Peritoneal carcinomatosis has a poor prognosis, and

survival is generally less than 6 mo once diagnosed'”.
Recent advances in the treatment of this disease have
resulted in improved, and even long-term, survival for
select patientsls*s]. Optimal cytoreduction and adjuvant
intraperitoneal chemotherapy have been credited
with much of the recent success in the treatment of
this cohort of patients. We would like to share our
own experience with a complete peritonectomy and
intraperitoneal chemotherapy for recurrent rectal cancer
with peritoneal metastasis, and to review the relevant
literature.

CASE REPORT

A 68-year-old man underwent laparoscopic low
anterior resection (LAR) for upper rectal cancer.
Histological examination revealed a poorly
differentiated mucinous adenocarcinoma with a 4-cm
distal margin and the TNM staging was T2NOMO. On
routine follow-up, an anastomotic induration was felt
on digital rectal examination 19 mo later, which was
confirmed to be adenocarcinoma upon endoscopic
biopsy. Abdominopelvic computed tomography and
positron emission tomography showed multiple soft
tissue infiltrations throughout the peritoneum. At
laparotomy, a bulky mass around the previous rectal
anastomosis and multiple peritoneal metastatic nodules
were identified. A complete peritonectomy (Figure 1),
complete omentectomy, splenectomy, and a Hartmann
procedure were performed successfully with no visible
gross disease at the completion of the procedure.
Two catheters were inserted in the abdomen and
secured: one on the left side aimed toward the pelvis
and the other on the right directed up over the liver.
The abdomen was closed, and the peritoneal cavity
was filled with heated saline at 42°C. Continuous
hyperthermic intraoperative intraperitoneal perfusion
with 750 mg of heated oxaliplatin was then performed
over 90 min. The operating time was 515 min with
a moderate blood loss of 500 mL. Histopathology
revealed a recurrent mucinous adenocarcinoma in
the rectum with a clear resection margin and multiple
metastatic nodules in the diaphragmatic, pelvic, and
pericolic peritoneum and omentum. His postoperative
course was uneventful, and he was discharged on the
25th postsurgical day. He had difficulty voiding, but this
was managed conservatively. For 2 mo after the second
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Figure 1 The peritonectomy.

operation, the patient has been well with postoperative
FOLFOX chemotherapy.

DISCUSSION

Traditionally, there has been consensus in the oncology
community that those patients with peritoneal
carcinomatosis of colorectal origin were incurable.
Neither systemic chemotherapy nor intraperitoneal
chemotherapy alone had any significant impact on
survival.

Recently, there has been increased interest in re-
examining the management of peritoneal metastatic
disease, and in utilizing cytoreductive surgery and
hyperthermic intraperitoneal chemotherapy®”. Aggressive
cytoreductive surgery attempts to eradicate all residual
tumor cells, or to significantly reduce the tumor burden,
and the infusion of hyperthermic intraoperative
intraperitoneal chemotherapy allows a favorable drug
distribution to all surfaces at risk, without delay. A
randomized trial by a Dutch group demonstrated
superior survival with the combined approach over
traditional 5-fluorouracil-based systemic chemotherapy,
for peritoneal carcinomatosis of colorectal cancer'”.
Moreover, with proper patient selection, minimal
morbidity can be achieved, with good overall survival
and prolonged disease-free periods. The 11.1% rate of
major perioperative complications and no perioperative
mortality achieved in this cohort of patients compares
favorably with the 27% quoted in the literature!”. Elias
et al'" recently suggested that preoperative intraperitoneal
chemohyperthermia with oxaliplatin is better tolerated
than early postoperative intraperitoneal chemotherapy
with mitomycin C and 5-FU, and is twice as efficient in

curing peritoneal carcinomatosis.

This report describes our initial experience with
peritonectomy and hyperthermic intraperitoneal
chemotherapy in a patient with recurrent rectal cancer.
This combined approach can be a feasible treatment
option for the traditionally inoperable recurrent rectal
cancer patient with peritoneal metastasis.
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Abstract

Pneumatosis intestinalis (PI) is an uncommon disease
defined as gas-filled cysts that are found in the wall of
the gastrointestinal (GI) tract. The exact causes of PI
are still unclear, but it may associated with coexisting
diseases, such as some GI disorders, connective
tissue disease, some medication and drugs, and rarely
malignancy. The most common localization is the
small intestine. Gastric PI secondary to malignancy
has been rarely documented. We report on a 94-year-
old man with gastric PI associated with inoperable
adenocarcinoma localized in the duodenum. Following
the gastrojejunostomy and choledochojejunostomy
bypass, his general condition improved and PI
disappeared, but he died due to poor performance
status and malignancy 6 mo later. We suggest that
in patients presenting with PI, malignancy should be
considered in the differential diagnosis.

© 2009 The WG Press and Baishideng. All rights reserved.
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INTRODUCTION

Pneumatosis intestinalis (PI) is a rare disorder
characterized by multilocular gas-filled cysts localized in
the submucosa and subserosa of the alimentary tract.
It can occur in any part of the gastrointestinal tract
(GI), from the esophagus to the rectum, but the small
intestine is the most common localization!"”. PI may be
primarily and secondarily associated with a coexisting
disease. Eighty-five percent of patients have secondary
P16, Gastric PI, defined as air within the wall of the
stomach, is an uncommon localization®'?. On the other
hand, gastric PI, secondary to malignancy, has been very
rarely reported in the literature!™. We described here
a case of gastric PI associated with adenocarcinoma
localized in duodenum.

CASE REPORT

A 94-year-old man was admitted to our hospital with
anorexia, nausea, vomiting, fatigue, constipation, weight
loss, abdominal bloating and discomfort which started
1 mo previously, in May 2003. He had a prior history of
peptic ulcer 15 years ago. He reported a history of upper
GI bleeding in 1990. He had no the other systemic
diseases, such as chronic obstructive lung diseases,
connective tissue diseases, and no history of abdominal
surgery. His family history was not contributory. On
physical examination, he was dehydrated and afebrile.
His blood pressure was 100/80 mm/Hg, pulse was
84/min, and heart sounds and jugular venous pressure
were normal. No murmur was detected. Breath sounds
were normal and there were no organomegaly or
lympadenomegaly. Epigastric and periumblical sensitivity
were noted. There was an abdominal distension and
hypertympanism found on epigastric sites.

Initial laboratory results were as follows: blood urea
nitrogen 23 mg/dL, creatinine 1.1 mg/dL, sodium
140 mEq/L, potassium 3.8 mEq/L, calcium 9.3
mg/dL, alanine aminotransferase 33 U/L, aspartate
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Figure 1 Abdomino-pelvic CT scan showing big stomach and multilocular
gas within the wall of the stomach (arrows).

aminotransferase 27 U/L, - glutamyltransferase 428 U/L
(N:7-49) alkaline phosphatase 317 U/L (N:38-155), lactate
dehydrogenase 412 TU /L, glucose 105 mg/dL, erythrocyte
sedimentation rate 40 mm/h, C-reactive protein 136.4
mg/L, total bilirubin 0.78 mg/dL, direct bilirubin 0.13
mg/dL, white blood cells (WBCs) 12400/mm?’, platelets
217000/mm’, hematoctit 36.3%, mean corpuscular
volume 84.9 fL, Fe 47 pn/dL, total iron binding capacity
214 p/dL, and ferritin 55.4 ng/mL. Serum protein
electrophoresis was normal. The patient’s tumor marker
profile was as follows: carbohydrate antigen 19-9 903.1 U/
mL (0-37), carcinoembryonic antigen 12.3 ng/mL (0-3.4).
Urine analysis revealed a urine specific gravity of 1010,
protein negative, pH 5, and two WBCs per high-power
field on urine sediment. Hepatitis B and C serology, and
anti-HIV assays were negative. Fecal occult blood test was
positive for the one stool sample. Other laboratory values
were within normal limits.

The patient was treated with nasogastric intubation,
parenteral fluids, ranitidine i.v. and broad-spectrum
antibiotics. Because of elevated tumor markers, a
diagnostic work-up for possible malignancy was initiated.
The plain abdominal radiography (PAR) was normal.
Abdominal ultrasonography (US) revealed sludge within
the lumen of the gall bladder with findings of hydrops.
The intrahepatic bile ducts were dilated (right, 5.3 mm;
left, 4.5 mm). Abdomen and pelvic CT scans showed an
enlarged stomach and multilocular gas-filled cysts localized
in the wall of the stomach (Figure 1). The diagnosis
of PI was made. Subsequent magnetic resonance
cholangiopancreatography imaging demonstrated sludge
with findings of hydrops and dilatation of intrahepatic
bile ducts and choledochus. There was a calculius of 2 cm
diameter at the neck of gall bladder.

A barium-enema study revealed luminal obstruction
of 80% (Figure 2). As a result of these findings,
gastroduodenoscopy and biopsy were performed. In the
antrum, the ulcer had a 4-5 cm diameter, likely a malignant
ulcer, and it was established that the lesion obstructed the
lumen in the postbulbar duodenum. Malignancy was not
detected in biopsy specimens. After the patient’s general
condition markedly improved, exploratory laporatomy
was performed in the department of general surgery.
An inoperable tumor originating from the duodenum

Figure 2 Barium-enema study showing luminal obstruction of 80% in the
bulber apex.

was detected. In addition, the tumor was infiltrated
to extra-hepatic bile ducts and vascular structures.
Gastrojejunostomy and choledochojejunostomy were
carried out. The histopathological examination of
biopsy specimens revealed adenocarcinoma infiltration
originating from the GI tract. As a result of his age and
performance status, we decided to treat with supportive
management. Following the surgical procedure, the gas-
filled cysts disappeared and his symptoms improved. After
6 mo of follow-up, he died from the the influence of
malignancy and poor general condition.

DISCUSSION

PI is an uncommon entity in which gas-filled lesions are
accumulated within the GI wall. In 42% of the cases
with PI, the small intestine is the most common and
the large intestine (36%) the second most common
localization; in 22% of patients both small and large
intestine are affected*‘. On the other hand, gastric PI
has been rarely documented®'?. It can be classified as
either idiopathic or of primary unknown etiology (15%0)
ot the secondary type (85%)!"%". Fifty-five petcent of
secondary causes are peptic ulcer related to pyloric
obstruction, and 3.3% of cases ate GI malignancy?. In
our patient, the gastric secondary type of PI associated
with GI malignancy was detected. Gastric PI related to
malignancy has been documented extremely rarely™.
Although the pathogenesis of PI is not well
understood, many theories have been proposed. First,
the mechanical theory suggests that gas under pressure
diffuses into the bowel wall from the intestinal lumen
or the pulmonary airway. This theory is probably
related to PI caused by trauma, surgery, endoscopy and
bowel obstruction. The bacterial theory proposes that
bacteria enter the bowel wall and produce gas within the
intestinal wall®'¥. The pulmonary theoty proposes that
alveolar rupture results in the diffusion of air through
the mediastinum into the retroperitoneal space, through
the diaphragm, along major vessels in the mesentery, and
into the bowel wall. It may explain the occurrence of PI
in patients with chronic obstructive pulmonary disease.
Finally, there is the mucosal damage theory. It suggests
that gas under pressure is forced into the bowel wall
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by mucosal disruption. PI associated with peptic ulcer
disease, pyloric stenosis and malignancy may probably be
explained by this theory®’.

PI is usually asymptomatic, but patients can have
gastrointestinal symptoms variying in severity, such
as abdominal discomfort, distension and pain, rectal
bleeding, constipation, meteorism and weight loss.
The symptoms are dependent on the localization
of PI and on the presence or non-presence of
B39 Our patient also presented with
gastrointestinal symptoms and elevated tumor markers.

underlying disease

After PI was detected, we initialy started a diagnostic
work-up to exclude malignancy as a cause of PI. The
work-up revealed an inoperable adenocarcinoma
originating from the duodenum. After gastrojejunostomy
and choledochojejunostomy, the gas-filled cysts
disappeared and the patient improved.

In two-thirds of patients with PI, PAR shows
characteristic changes in the bowel. The PAR with
our patient was normal, but an abdomino-pelvic CT
scan revealed PL. In the literature, additional diagnostic
procedures, such as US, CT, MRI, endoscopy and barium
contrast studies, have been documented™*%, There is
no special treatment for PI. If underlying diseases are
present, it is necessary to treat them!”. Conservative
therapy can be causal or symptomatic. Causal treatments
consist of normobaric or hyperbaric oxygen therapy,
antibiotic treatment, especially metronidazole,
endoscopic puncture and cysts sclerotherapy!™* ' The
aim of these therapies is to suppress the etiological
mechanisms. Surgical treatments should be avoided
unless there are serious diseases, such as malignancy,
metabolic acidosis, portal venous gas and severe
inflammation®,

This report constitutes a rare case of gastric PI
caused by duodenal adenocarcinoma. In patients with
PI, especially localized in the stomach, who have serious
GI symptoms and elevated tumor markers, malignancy-
induced PI should be considered in the differential
diagnosis.
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Abstract

A major diagnostic challenge to the evaluation of
an incomplete intestinal obstruction is to distinguish
between infectious and malignant etiologies. We present
a case of an elderly woman complaining of abdominal
pain accompanied with nausea and vomiting, and failure
to pass gas or stools. Anti-tuberculosis drugs were used
to relieve her abdominal pain, and a needle biopsy
of the peritoneal cavity showed evidence of primary
papillary serous carcinoma of the peritoneum (PSCP).
This is a rare description of tuberculosis in the setting of
PSCP. This report illustrates the potential complex nature
of malignancies, and emphasizes the need to consider
coexistence of malignancy and infection in patients,
especially in those with risk factors for malignancy who
fail with antibiotic therapy.
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INTRODUCTION

A major diagnostic challenge to the evaluation of
peritonitis is to determine whether it represents an
infectious or malignant process. In the majority of cases,
it is difficult to distinguish them from each other based
on their clinical and radiographic data alone, and more
invasive testing is usually required to reach a definitive
diagnosis. In this report, we describe our experience with
a case of peritonitis resulting from the coexistence of
two distinct pathological processes.

CASE REPORT

A 59-year-old Chinese woman who was previously
healthy presented to our clinic with a 2-mo history of
intermittent abdominal pain accompanying general
fatigue, subjective low-grade fever, weight loss and
night sweats, which were not improved after treatment
with over-the-counter antibiotics and traditional
Chinese herbal drugs. Ten days before she visited
our clinic, she felt her symptoms getting worse with
nausea and vomiting, and weight loss of 10 kg within
2 mo. Thereafter, she failed to pass gas or stools
which prompted her to seek medical care. She was
admitted to 263 Hospital of PLA. A biochemical test
showed 6500/mlL white blood cells (WBCs), 78% N,
90 g/L hemoglobin, normal tumor markers (including
carcinoembryonic antigen (CEA), carbohydrate antigen
(CA) 19-9, CA125, alpha fetoprotein (AFP), erythrocyte
sedimentation rate (ESR) 148 mm/h), and 135.8 mg/L
CRP. Abdominal plain film displayed ascites and
incomplete intestinal obstruction. Chest X-ray showed
a high density of WBCs in the right middle outer
lobe and lymph node calcification in the right trachea
bifurcation. Abdominal paracentesis was arranged for
further evaluation. Routine test of ascites showed that
yellow fluid was translucent, 95% mononuclear cells, 5%
polynuclear cells, 6400/uL erythrocytes and 210/pL
WBCs, and 1.010 gravity. Protein concentration
was 44.7 g/L, glucose was 1.82 mmoL/L, lactate
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dehydrogenase was 334 U/L, and adenosine deaminase
was 15 U/L. Acid-fast bacillus could not be found in
the fluid. Culture of bacteria was negative. Cytology of
the fluid was also negative. CEA and AFP of ascites
were normal. Ten days after treatment with antibiotics,
her abdominal pain was aggravated, and she was
transferred to our hospital.

The patient was a cotton spinner prior to retirement
and underwent appendectomy 30 years ago. She
denied any history of hepatitis or alcohol, tobacco or
recreational drug use and had no knowledge of sick
contacts. Physical examination showed symptoms of
tenacious abdominal wall, deep and rebound tenderness,
decreased intestinal sound, but no actual palpable
abdominal mass. Liver and spleen were not palpable,
shifting dullness was negative.

After admission, tuberculin was positive.
Ultrasonography and pelvic cavity computed
tomography (CT) showed ascites and mesentery
thickening and peritonitis could not be excluded. Blood
test results were 100/mL WBCs, 83.8% N, 85 g/L
hemoglobin, and 545000/mL platelets. Routine utine
and feces tests were normal. Feces occult blood tests was
negative (140 mm/h ESR, 218 mg/L CRP, and 29.6 g/L
albumin). Two-thirds of anti-tuberculosis test parameters
wetre positive. Tumor markers (CEA, CA199, CA125,
and AFP) were normal. CA, CYFRA, FRER, and TSGF
were 153100 U/ml., 21-1 16.44 ng/ml., > 2000 ng/mlL,,
and 121.45 U/mL, respectively. LTA was positive.
Autoimmune antibodies were negative. Abdominal
ultrasound showed small encapsulated effusion in
abdominal and pelvic cavity. Parietal peritoneum was
thick. Ultrasound of the vagina showed metratrophia
with no occupying lesions in the pelvic cavity. Chest
X-ray showed old tuberculous foci on both lungs and
mediastinum. Due to the suspicious appearance of the
lesion, a positron emission tomography (PET) scan was
performed along with induced peritoneal cavity CT.
Diagnostic percutaneous needle biopsy was discussed
with the patient and her family, but she denied any
invasive tests. PET scan showed an increased metabolic
activity in peritoneum, mesentery, and areas of omentum
with thick and diffusive lesser tubercles. Local intestinal
adhesions or distensions showed incomplete intestinal
obstruction.

She began to cough and had a low fever, but
biochemical tests could not identify any infectious
bacteria in her sputum and feces. Since the patient
remained symptomatic, we decided to treat her
disease with oral isoniazid, rifabutin, ethambutol,
and pyrazinamide. During the first 6 wk, she noticed
significant clinical improvements, such as reduction in
abdominal pain and ascites, and resolution of tenacious
abdominal wall. Body temperature became normal.
However, 8 wk after antibiotic therapy, as well as
enteral and parenteral nutrition, her condition began to
deteriorate. In addition to CT and ultrasonography, the
patient underwent percutaneous CT-guided biopsy of
the thick peritoneum, which revealed primary papillary

serous carcinoma of the peritoneum (PSCP). Although
subsequent staging suggested that it was amenable to
chemotherapy, the patient was too weak to tolerate
the treatment. Finally, therapy failed to improve her
condition and she developed liver and kidney failure.

DISCUSSION

The main differential diagnostic considerations of
diffuse peritoneal involvement associated with peritonitis
include infectious processes (mainly tuberculosis) and
malignant neoplastic conditions. Peritoneal involvement
is a rare form of abdominal tuberculosis. Peritoneal
tuberculosis occurs predominantly in patients aged
20-40 years and is always secondary to other tuberculous
lesions and appears to be more common in females than
in males. Tuberculosis in females commonly reaches
the peritoneum through tubal infection and attacks
the tubes during the sexually active period of lifel'l.
Diagnosis of any extrapulmonary forms of tuberculosis
is quite difficult. For example, difficult diagnosis of
peritoneal tuberculosis is due to its non-specific clinical
manifestations, such as weight loss, abdominal pain,
fever, ascites, and vomiting!*?!. Positive culture of
7.8% Mycobacterium. tuberculosis has been reported!l.
Although our patient denied previous medical history of
pulmonary or extra-pulmonary tuberculosis, tuberculous
infection was diagnosed based on her positive tuberculin
test and chest X-ray scan.

PSCP is a rare malignancy that predominantly
affects postmenopausal womenP’l. Reports suggest
that approximately 10% of women diagnosed with
ovarian, endometrial or sigmoid carcinoma actually
have PSCP**l. Multicentric peritoneal involvement
is typical, and omental involvement is particularly
common. Extensive calcification of omental caking
present in many cases is a useful CT finding for
excluding mesothelioma. The absence of ovarian mass
is critical for excluding metastatic papillary serous
ovarian carcinoma, which otherwise has a similar
appearance at CT and is histologically identical to
its primary peritoneal counterpart”. Some reports
indicate a poor prognosis for women with peritoneal
carcinomatosis!'"*"’l. Patients suffering from PSCP
usually complain of abdominal distention, pain or
pressure, associated with ascites and gastrointestinal
symptoms (loss of appetite, nausea, vomiting, and
change in bowel habits)!'". On physical examination,
the most common finding is ascites. The clinical
presentation is usually indistinguishable from advanced
ovarian cancer. Reports suggest that approximately
10% of women diagnosed with ovarian carcinoma
actually have PSCP!.

In this case, a moderate amount of ascites
located between intestinal canals was observed by
ultrasonography, and a thickened intestinal wall and
pronounced enhancement of peritoneum were seen
at CT scanning. Most nodules coalesced to form large
omental plaques (omental cakes) (Figure 1). The largest
plaque was located in the left lower quadrant of the
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Figure 1 CT showing pronounced contrast enhancement of peri-
toneum and thickened intestinal wall. A: Most nodules coalesced to
form large omental plaques (omental cakes); B: A moderate amount of
ascites located between intestinal canals; C: No actual large abdominal
masses.

abdomen, and extended to the pelvis, but did not
involve the ovary. There was no calcification within the
masses. The size of ovaries was normal. After treatment
with anti-tuberculous drugs, the ascites decreased. Two
months later, ascites stopped decreasing, suggesting
that tissue biopsy is necessary to help its diagnosis. A
delayed diagnosis or inadequate treatment, may promote
progression to the malignant disease and the risk of
life-threatening complications. To the best of our

knowledge, this is the first report on the coexistence of
PSCP and tuberculous peritonitis in humans.
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