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and concomitant hepatocellular carcinoma were compared
between the group receiving synbiotic therapy and the con-
trol group.

Subsequently, at 24 hours after LDLT, all patients re-
ceived enteral nutrition with Elental (Ajinomoto Pharma-
ceutical Ltd, Tokyo, Japan), which is an elemental diet,
through a tube jejunostomy made during liver transplanta-
tion. The initial infusion rate at 1 kcal/mL was 20 mL/h, and
if tolerated the rate was increased 60 mL/h until sufficient
oral intake was possible. The composition of Elental has
been described elsewhere.”?

Synbiotic therapy

All patients had started the oral administration of Yakult
BL antiflatulent (Yakult Honsha, Tokyo, Japan), containing
20 mg of living Lactobacillus casei strain Shirota, 15 mg of
living Bifidobacterium breve strain Yakult, and galactooli-
gosaccharides 15 g/d (Oligomate 55; Yakult Honsha) 3
times per day from 2 days before elective LDLT, continued
for 2 weeks after LDLT via either a tube jejunostomy or
orally. Usually, both prebiotics and probiotics were taken
with 10 mL of tap water. We selected this formula of
synbiotics on the basis of a previous report on major hep-
atectomy.'®

The rates of infectious complications and patient survival
were recorded, and stool cultures were also performed.

Statistical analysis

All data are expressed as median values with ranges.
Statistical analysis was performed using the Mann-Whitney

U test for continuous values and the ) test for categorical
values. A statistically significant difference was defined as a
P value < .05. StatView version 5.0 (Abacus Concepts,
Berkeley, CA) was used for all statistical analyses.

Results

All patients tolerated synbiotic therapy throughout the
study period. There was no difference in the patient char-
acteristics between the groups (Table 1). Figure 1 shows the
result of cultured bacteria in the feces. Generally, Esche-
richia spp, Enterobacter spp, and Klebsiella spp were re-
garded as normal bacterial flora in the stool. There was no
significant pattern of the change of bacterial species be-
tween the groups. However after LDLT under immunosup-
pression, Enterococcus spp became evident in both groups
in about 25% of the patients.

Table 2 that infectious complication occurred after
LDLT in 6 of 25 of the patients in the control group (24%)
and in 1 of 25 (4%) in group receiving synbiotic therapy
(P < .05). In particular, the rate of urinary infection was
higher without synbiotic therapy. The rate of intra-abdom-
inal infection was not statistically different. Enterococcus
spp and methicillin-resistant Staphylococcus aureus were
the main bacteria related to the infection. The postoperative
date of infection varied. Some infectious complication oc-
curred after the termination of synbiotic therapy.

Table 3 shows that there was no significant difference
between the groups in other complications after LDLT. In
addition, there were no differences in the intensive care unit
period, hospitalized period, and mortality rate between the
groups.
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Figure 1

Bacterial profile in fecal culture. Cultured bacteria in the feces of the patients undergoing LDLT in each group. BLO =

Bifidobacterium breve, Lactobacillus casei, and galactooligosaccharides; CNS = coagulase-negative staphylococci; MRSA = methicillin

resistant Staphylococcus aureus.
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Table 2 Infectious corhplications:éfter LDLT ‘ E ’ .
Vanable BLO grbup (n =“2‘5) : Contm[ group (n = 25)' : B : Coap
Type of infection 1 catheter infection (POD""19) - ~ 3sepsis (PODs 11,10, and9) < 05

Bacf;eria ycul'tured in blood

‘Intra,—abdorhinal infection ‘ ‘
. i , ,,faecium (POD{19): ;

-1 Enterobacter asburige (POD 19)

1 (4%) Klebsiella oxytoca + Enterococcus

3 urinary tract infections (PODS 7, 8 and 5)
2 MRSA (PODs 10 and 9)
1 MRSA + Candida glabrata (POD 11)
3 Enterococcus faecmm (PODs 7, 8, and 5) : ;
2 (8%) S NS -
1 Enterobactor asbunae (POD 19) '
1 Enterococcus faecium (POD 14)

BLO = Brﬁdabactenum breve, Lactobac:llus caser, and galac‘coohgosacchandes MRSA

" postoperative day:

Comments

This prospective randomized study demonstrated that
synbiotic therapy successfully reduced the rate of infectious
complications after LDLT, which has a greater chance to
induce temporary portal hypertension leading to bacterial
translocation. The portal venous pressure after LDLT
should have been elevated in the current series of patients,
because the graft volume versus standard liver volume ratio
was about 40%.2! Therefore, synbiotic therapy may be
potentially more effective in patients after LDLT than de-
ceased-donor liver transplantation. In addition, LDLT is
partial transplantation, in which liver regeneration should
occur to support the patient’s life. Infection itself was re-
ported to reduce the magnitude of liver regeneration, so
synbiotic therapy should be used for the patients undergoing
LDLT.**

The patients in the present study received enteral nutri-
tion, which has been shown to reduce the rate of infection
from 29% to 14%.%>° This is probably why the rate of
infection in this study was lower than in previous reports

Table 3 Other complications : ,
Variable BLO (n = 25) Control (n = 25) P
Others 2ACR 0 3ACR . NS
o 3CMV. 3 CMV ‘
1HAT 1 HAT -
1THPS  1HPS ;
1 TMA C1NOMI
1 adrenal Lo
Lo - insufficiency ,
- ICU period (days) 7 (4-35) 7. (2-48) NS
',Hosp1tahzed penod 40 (16 132) 33 (16 97) NS
;‘;Mortahty L ;3~ 3 NS

Data are expressed as medlan (range) or as numbers.

ACR = acute cellular: re]ectwn, BLO = Blﬁdobactenum breve, Lac-
. tobacillus casei, and ga{actoohgosacchandes CMV = cytomegalovirus:
- HAT = hepatic arterial thrombus; HPS = hemophagocyhc syndrome
ICU = intensive care unit; NOMI = nonocctuswe mesentenc1schem1a
gTMA thrombolytlc m1croangmpathy ~ s

methicillin: resistant Staphylococcus aureus; POD =

with synbiotic therapy. In addition, the rate of acute cellular
rejection was not changed by synbiotic therapy. In a previ-
ous study, the rate of acute cellular rejection was reduced
from 44% to 7% by enteral nutrition after whole-liver trans-
plantation.”” There was no difference in the rejection rate,
even though there were more ABO-incompatible LDLT
patients in the synbiotic group than in the control group.

Methicillin-resistant S aureus and Enterococcus spp
were the principle bacteria causing sepsis, although gram-
negative gut-derived bacteria are thought to be found in
septic patients. Although there was no explanation for the
gram-positive bacteria in this series, Enterococcus spp were
frequently observed as the dominant bacteria after LDLT in
the feces.”® Immunosuppression and the duration of our
antibiotic use might have cause Enterococcus sepsis in
partial liver transplant recipients. In addition, the reduction
of urinary tract infections was reported in a previous study,
consistent with the current data, indicating that synbiotic
therapy is likely to be responsible for the reduction of
urinary tract infection.?® Previous authors have speculated
that in addition to their impact on bacterial translocation,
probiotics act via several other mechanisms. For instance,
they can reduce and eliminate potentially pathogenic micro-
organisms, reduce and eliminate various toxins and muta-
gens from the urine and feces, modulate innate and adaptive
immune defense mechanisms, promote apoptosis, and re-
lease numerous nutrients, antioxidants, and growth factors
from consumed fibers. These functions might all be impor-
tant for the reduction of infections in surgical patients.
However, a definite mechanism regarding the reduction of
urinary tract infection awaits further investigation.>2>2%-3

In conclusion, infectious complications after LDL'T were
significantly decreased with synbiotic therapy. It is possible
to achieve ecologic liver transplantation using synbiotic
therapy while maintaining an intact environment in the
body.
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Abstract

Liver transplantation for patients with hepatitis C virus
(HCV) and human immunodeficiency virus (HIV) remains
challenging. The advent of highly active antiretroviral
therapy (HAART) for HIV has reduced mortality from
opportunistic infection related to acquired immunodefi-
ciency syndrome dramatically, while about 50% of patients
die of end-stage liver cirrhosis resulting from HCV. In
Japan, liver cirrhosis frequently develops after HCV-HIV
coinfection resulting from previously transfused infected
blood products for hemophilia. The problems of liver
transplantation for those patients arise from the need to
control calcineurin inhibitor with HAART drugs, the dif-
ficulty of using interferon after liver transplantation with
HAART, and the need to control intraoperative coagu-
lopathy associated with hemophilia. We review published
reports of liver transplantation for these patients in the
updated world literature.

Key words Liver transplantation - Hepatitis C virus -
Human immunodeficiency virus - Coinfection - Highly
active antiretroviral therapy

Introduction

According to a report compiled by the Japanese Minis-
try of Health, Labour and Welfare in October 2006, the
number of HIV-infected patients in Japan was 8071
(6275 males and 1796 females), and this number has
increased further since.' In 2008 there were 1557 new
cases reported, including 1126 HIV-positive cases
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and 431 acquired immunodeficiency syndrome (AIDS)
cases.” The possible routes of infection include sexual
contact, through contaminated or unheated blood prod-
ucts, and mother-to-child transmission. When HIV
infection is contracted through blood products, there is
often coinfection with HCV.

Since 1995, there has been a major change in the
cause of death of HIV-infected patients. It is believed
that the major factor contributing to these trends is
the improved HIV control achieved in recent years
with highly active antiretroviral therapy (HAART).?
HAART is defined as a combination of drugs from dif-
ferent classes of HIV therapy, comprising nucleoside
reverse transcriptase inhibitors (NRTIs), and either non-
nucleoside reverse transcriptase inhibitors (NNRTIs) or
a protease inhibitor (PI). If the compliance is 95%
or more, this therapy is successful in more than 50% of
patients.™

This review focuses on liver transplantation in Japa-
nese patients with HIV and HCV, especially those in
whom the disease was caused by receiving contami-
nated blood products in the past and who may be can-
didates for liver transplantation.

Epidemiology of HIV-HCYV Coinfection in Patients
with Hemophilia in Japan

According to a survey by the Ministry of Health, Labour
and Welfare in the 2008 fiscal year in Japan, 602 patients
with hemophilia A (factor 8 deficiency) and 183 with
hemophilia B (factor 9 deficiency) were alive with HIV
infection (Table 1).® Among these, 524 with hemophilia
A (87%) and 162 with hemophilia B (89%) also had
HCYV infections and liver disease (Table 2). Of the 524
persons with hemophilia A, 33 (6.3%) had cirrhosis, 5
(0.9%) had liver cancer, and 2 (0.4%) had liver failure.
Two of these patients underwent a liver transplant pro-
cedure. It is highly possible that about 50 of the patients
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Table 1. Coagulation disorders in Japan

S. Eguchi et al.: OLT for HIV-HCV Coinfection

_ Hemophilia VWD-related
A B VWD disease Total
Total 4211 916 892 452 6471
Male 4185 908 406 246 5745
Female 29 8 486 206 726
HIV negative
Total 3609 733 885 448 5675
Male 3583 725 404 245 4957
Female 26 8 481 203 718
HIV positive
Total 602 183 7 4 796
Male 602 183 2 1 788
Female 0 0 5 3 8

Source: Official Report of the National Surveillance on Coagulation Disorders in Japan, 2008

HIV, human immunodeficiency virus; VWD, von Willebrand disease

Table 2. Stage of liver disease in patients with hemophilia and HIV infection (only reported surviving cases with HCV

coinfection)
No Acute Chronic Liver Liver Cured Spontaneous
hepatitis  hepatitis  hepatitis  cirrhosis HCC  failure = with IFN cure LT Total
Hemophilia A 45 2 350 33 5 2 59 26 2 524
Hemophilia B 15 1 100 11 6 0 19 8 2 162
Total 60 3 450 44 11 2 78 34 686

Source: Official Report of the National Surveillance on Coagulation Disorders in Japan, 2008
HIV, human immunodeficiency virus; HCV, hepatitis C virus; HCC, hepatocellular carcinoma; LT, liver transplantation; IFN, interferon

with cirrhosis may be candidates for liver transplanta-
tion in the future. In fact, this survey revealed that one-
third of the deaths of HIV-HCV coinfected patients
with blood-borne diseases were caused by liver disease.

A characteristic that should be taken into account
when using imported blood products is that the propor-
tion of patients with HCV genotype 1b is low, at 25%
vs 70% in general for Japanese, and the proportion of
patients with HCV genotype 3a is high, at 23%. Also,
one study found that the proportion of patients with
HIV-HCV coinfection with an HCV titer below the
~level of sensitivity of the assay was significantly lower
than the proportion of such patients among non-HIV
cases of HCV infection, at 44.0% vs 55.4%, respec-
tively.” There have been a few reports from other coun-
tries on the problems associated with HCV and HIV
infections in hemophiliac patients.*’

Liver Transplantations in HIV-HCV
Coinfected Patients

Indications for Liver Transplantation in Patients with
HIV-HCYV Coinfection

Regardless of the presence of hemophilia, the indica-
tions for and methods of liver transplantation are the

same for patients with HIV-HCV coinfection. There-
fore,information on liver transplantation for HIV-HCV
coinfected patients without hemophilia is presented in
this section. In fact, after successful liver transplanta-
tion, hemophilia can normally be cured. In principle, as
for a non-HIV-infected patient, liver transplantation is
indicated for patients with type C cirrhosis in liver
failure and no expectation of a long-term prognosis.'*"*
Liver transplantation is also indicated for patients not
yet in liver failure, but with severe liver damage caused
by HAART, especially those with chronic hepatitis C,
who need to suspend or stop HAART."”® For patients
receiving HAART, the indication needs to be consid-
ered in terms of both hepatic reserve and status of the
HIV infection. Liver transplantation may also be indi-
cated for hepatocellular carcinoma that develops during
follow-up.” The conditions for liver transplantation are
often defined as follows: AIDS symptoms have not sur-
faced; the CD4+ lymphocyte count is 200-250/ul or
above; and as a result of HAART, the amount of HIV
in the blood is below the level of sensitivity of the assay.
However, there are cases of pancytopenia resulting
from portal hypertension and, as such, some institutions
believe that the criterion for liver transplantation
resolved be a CD4+ lymphocyte count of 100/ul or
more.”* Therefore, an issue to be resolved is whether
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the indication can be based solely on a CD4+ lympho-
cyte count. Although a ratio of CD4 to CD8 lymphocyte
count of 14% or greater is also considered an indication,
individual institutions still refer to their own criteria.
A recent study found a significant correlation between
the preoperative model for end-stage liver disease
(MELD) score and the postoperative survival rates
of HIV-HCV coinfected patients: this also warrants
investigation.”

Results of Liver Transplantation for Patients with
HIV-HCV Coinfection

Liver transplantation from deceased donors has been
performed in HIV patients since the 1980s in the United
States and Europe. Initially the results were poor, with
survival rates of only about 47 %, but this has improved
remarkably since the introduction of HAART (Table
3). According to a review article published in 2004, 51
HIV-positive patients received liver transplantation
between 1996 and 2004 worldwide, with liver damage
caused by HCV being the indication in 68 %. Since 1997,
liver transplantation has been performed in 29 HIV
patients at the University of Pittsburgh: 26% of these
patients were hemophiliac and 89% were HCV-posi-
tive.” According to a retrospective study by the United
Network for Organ Sharing, involving 138 HIV-positive
persons and 30520 HIV-negative persons and evaluat-
ing liver transplantation, from 1997 when HAART was
introduced and thereafter, the prognosis of patients who
were only HIV-positive was relatively good.”® In this
study, the prognosis of HIV-HCYV coinfected patients
was worse than that of patients who were positive
only for HIV. A series of reports are listed in
Table 3.°%'273 1 reality, in addition to those listed
there have been many sporadic reports, such as reviews,
regarding expectations for liver transplantation, and
assessments of indications.

A recent important study in France, on 14 patients,
provided details on interferons, HAART therapy, and
liver fibrosis.” In all patients, the preoperative amount
of HIV in the blood was below the level of sensitivity,
and the CD4+ T-cell counts ranged from 85 to 1015. As
for calcineurin inhibitors, tacrolimus 0.5 mg per week
was started in the 2nd week after surgery in principle;
however, there were five cases (36%) of an overdose.
HAART was recommenced in the 2nd week after
surgery, resulting in the long-term administration of
steroids. Liver biopsies in the 12th month after liver
transplantation revealed one case of fibrosing cho-
lestatic hepatitis (FCH), one case of fibrosis stage F3,
two cases of F2, and five cases of F1. The prognosis
after transplantation was thought to be encouraging,
since there was only one death as a result of FCH in the
series. '

1327

Living Donor Liver Transplantation for Patients with
HIV-HCV Coinfection

The Koike Group of the Ministry of Health, Labour,
and Welfare reported seven cases of living donor liver
transplantation (LDLT) for HIV-HCV coinfected
patients with hemophilia at The University of Tokyo,
and one at Hiroshima University.””® The HCV geno-
types were laand 1b(n=1),1band3a(n=1),2a (n=
1), 2a and 2b (n = 1), and 3a and 1b (n = 1). The
HVC-RNA levels ranged from 2.8 to 1410 kIU/ml, the
HIV-RNA levels in two cases were 50 copies/ml or less,
being below the sensitivity level, and the CD4+ T-cell
counts ranged from 120 to 618/ul and were 250/l or less
in two cases. At the time of the report in 2005, four
patients were alive. Small bowel bleeding (suspected
cytomegalovirus enteritis) and graft dysfunction were
cited as the causes of death of the nonsurviving patients.
Interestingly, interferon therapy was given after surgery
to the surviving patients, whereas it was suspended in
the two patients who died. HAART therapy was not
given to one patient on the grounds that the HIV virus
disappeared as the interferon treatment progressed. The
report stated that the administration of factor 8 prod-
ucts was never required after surgery for patient #1.

Living donor liver transplantation from a hemophilia
carrier was reported in 2002,” and it seems that LDLT
has been performed in up to 10 patients in Japan. As
noted in the section on epidemiology, there are some 50
patients coinfected with HIV-HCV from blood prod-
ucts, in whom liver failure has developed. They, like
other patients with chronic hepatitis, may be candidates
for liver transplantation, so it is necessary to collect suf-
ficient information.

Problems with Liver Transplantation in HIV-HCV
Coinfected Patients with Hemophilia

The Blood Concentration of the Calcineurin Inhibitor
Used in Combination with HAART Is Increased

The risk of opportunistic infections caused by a delay in
starting HAART and the appropriate time to start
HAART has not been established. Moreover, early ini-
tiation of the therapy is associated with a high risk of
drug-induced liver damage.™” A new drug, Ralteglavir,
does not interfere with the metabolism of the calcineu-
rin inhibitor, and might reduce the chance of overshoot-
ing the trough level of the calcineurin inhibitor.*

Progression of HCV Recurrence Is Accelerated in
These Patients Compared with Those Who Are Only
HIV-Positive"

The HIV virus population dynamics manifest via the
immune systems, which are targeted by antiviral drugs
such as interferon and ribavirin as well as the HAART
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Table 3. Reported series of liver transplantation for patients with HIV infection

First author, year,

institution (Journal®") n Survival Findings
Ragni, 2003, Pittsburgh HIV only 24 3-Year 72.8% Risk factor for mortality after LT
(J Infect Dis™) HIV+HCV 15 3-Year 56.9% CD4+ <200/ul, HAART resume not possible
HIV viral load >400 copies/ml
Neff, 2003, Pittsburgh HIV positive 16 14/16 2 HAART discontinued due to liver damage
(Liver Transpl®™) 13/16 HIV negative before LT
CD4+ <200/ul (6/16), <100/ul (2/16)
ACR (6/16). FK trough level increased (6/16)
Fung, 2004, Review HIV positive 51 80% 68% HCYV coinfection, 26% hemophilia
(total)
(Liver Transpl®) (Pittsburgh) 29 20/29
Norris, 2004, London HIV+HCV 7 217 4 HCV recurrence, died with sepsis
(Liver Transpl®) HIV only 7 717 HBV no recurrence
Moreno, 2005, Madrid HIV+HCV 4 3/4 1 died with FCH 17 months after LT
(Liver Transpl™) CD4+ <100/ul (2/16)
ACR (1/4), no opportunistic infection
Radecke, 2005, Essen HIV+HCV 5 2/5 2 survived case on HAART
(Liver Int™")
Mir6, 2007, Barcelona HIV+HCV Review 1-Year 50%— Indication for LT: CD4+ >100/ul, HIV negative
(J HIV Ther") (n > 200) 55% (without
LT)
SVR rate (post LT) 15%-20%
Schreibman, 2007, Miami HIV positive 15 3-Year 73.3% Infectious complication 26.7% vs 8.7% (P =
(Transplantation®™) 0.006)
HIV negative 857 3-Year 79.4% Indication for LT: CD4+ >100/ul, HIV <200
copies/mm’
Reiberger, 2008, Vienna HIV+HCV (post) 31 HCYV viral load increased on immunosuppression
(Eur J Clin Invest™) HIV+HCV (pre) 20 IFN effective if CD4+ preserved
HCV only (pre) 25 SVR rate: HIV-HCV (post LT) 28%
HIV+HCV (post
LT) 50%, HCV
only (post LT)
56%
Mindikoglu, 2008, UNOS HIV positive 138 2-Year 70%, All after HAART era, HCV+ poor prognostic
(Transplantation®™) 3-year 66% factor
HIV+HCV 58 2-Year 52%
HIV negative 520 2-Year 81%,
3-year 77%
Duclos-Vallée, 2008, France =~ HIV+HCV 35 2-Year 73%, Pre LT MELD score most important factor for
(THEVIC study group) S-year 51% mortality
(Hepatology®") HCV only 44 2-Year 91%, HIV coinfection: fibrosis progression (>F2)
S-year 81% quicker
LT indication: CD4+ > 100/ul, HIV negative
Samri, 2009, France HIV+HCV 14 2-Year 93% LT indication: HIV negative, no AIDS
(multicenter)
(J Hepatol™) FK and HAART resumed 2 weeks after LT, FK
overdose 5/14 (36%)
1 FCH died. 1-year F2 2, F3 1, F4 (FCH) 2
Testillano, 2009, Bilbao HIV+HCV 12 3-Year 62% Patient survival, HCV recurrence, FCH not
(Transplant Proc™) different (P = 0.09) from LT for patients
without HIV
HCV only 59 3-Year 84%

HIV, human immunodeficiency virus; HCV, hepatitis C virus; HBV, hepatitis B virus; HAART, highly active antiretroviral therapy; FCH, fibros-
ing cholestatic hepatitis; LT, liver transplantation; ACR, acute cellular rejection; SVR, sustained virological response; IFN, interferon; UNOS,
United Network for Organ Sharing; MELD, model for end-stage liver disease; FK, tacrolimus

drugs.”™ The best time to start interferon treatment
and other post-transplantation measures to prevent
HCYV, optimal immunosuppressive regimens, and ways
of monitoring drug blood levels are being studied, and
further reports are expecte

d 46-51

According to a review on the effects of interferon
treatment after liver transplantation, the SVR rate
ranges from 0% to 50%. This article reported that there
had been many side effects in HIV-positive patients,

especially caused by anemia and a low white blood cell
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count, and that the continuation of treatment for such
patients had been made possible by administration of
the growth factor.”

Some Studies Refer to the Correlation Between T-Cell
Counts and Acute Rejection

In practice, some studies showed the rate of acute cel-
lular rejection to be similar, regardless of HIV positiv-
ity.'"*® Induction therapy without steroids has also been
attempted,™ and the rate of opportunistic infection is
reported to be similar after organ transplantation in
HIV-positive patients.” Thus, the number of CD4+
lymphocytes present prior to liver transplantation is an
important factor.

HAART Drugs Can Cause Hepatic Toxicity™

If HAART drugs induce liver failure, the best HAART
drug to use after liver transplantation must be selected
carefully. HAART drug toxicity can also induce compli-
cations with acute cellular rejection or other hepatic
problems after liver transplantation. A liver biopsy may
be needed to elucidate the real cause. Noncirrhotic
portal hypertension has recently been reported in HIV-
positive patients. HAART drugs may be related to
those unresolved pathogeneses.”

The Control of Infection After Liver Transplantation
for HIV-HCYV Coinfection Is Based on the Count

of CD4+ lymphocytes Obtained During the
Perioperative Period

Therefore, the timing of recommencement of the
HAART drug and the preoperative CD4+ lymphocytes
counts are both important factors. According to previ-
ous reports, prophylaxis against bacterial and viral
infections seems to be the same as for liver transplanta-
tion without HIV infection.

The Presence of Hemophilia Makes It Difficult to
Manage the Coagulation Time and Control Bleeding
During the Intra- and Postoperative Period Before

a Transplanted Liver Starts to Function

Moreover, when considering LDLT and when only
carrier-donors exist, an assessment of the risks associ-
ated with the resection of the carrier-donor’s liver would
also be a problem.”

Conclusions

This review is an overview of liver transplantation per-
formed to date for HIV-HCV coinfected persons.
Although there have been no cadaveric liver transplan-
tations for these patients in Japan,” conventional
knowledge about cadaveric liver transplantation may be
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applicable in most cases, despite the unresolved prob-
lems. In light of the fact that most of these Japanese
patients are the victims of contaminated blood products,
we believe that the number of liver transplantations will
increase, in the context of medical relief.*®
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Abstract

The key consideration when performing living donor
liver transplantation (LDLT) in patients with Budd-
Chiari syndrome (BCS) is careful management of a
stenotic or occluded inferior vena cava (IVC), because
it is not possible to replace the recipient stenotic or
occluded IVC with donor IVC as in cadaver donor
transplantation. We describe how we performed LDLT
with extensive thrombectomy in a patient with acute-
on-chronic BCS with a totally thrombosed retrohepatic
IVC. The operation was successful and the patient
remains well, with follow-up images showing a patent
IVC and hepatic veins. To our knowledge, LDLT for a
BCS patient with severe extensive caval thrombus has
never been reported before. We consider that the suc-
cessful outcome of this patient clearly demonstrates the
feasibility of our technique of extensive thrombectomy,
without a vessel graft, to manage a stenotic or occluded
IVC in LDLT in patients with BCS.

Key words Living donor liver transplantation - Budd-
Chiari syndrome - Thrombectomy - Cavoplasty

Introduction

Liver transplantation is ultimately the treatment of
choice for patients with Budd-Chiari syndrome (BCS),
especially those with fulminant forms of BCS, those
with established cirrhosis or frank fibrosis, and those
with defined hepatic metabolic defects such as protein
C or protein S deficiency.! The safety and efficacy of
liver transplantation for patients with BCS has been

Reprint requests to: S. Eguchi
Received: August 24, 2009 / Accepted: February 18, 2010

confirmed by a multicenter study conducted in Europe
and by a United States national registry analysis.””

In contrast to deceased donor liver transplantation,
when the recipient stenotic or occluded inferior vena
cava (IVC) can be replaced with the donor IVC, in
living donor liver transplantation (LDLT) it cannot, so
appropriate management of a stenotic or occluded IVC
is imperative in LDLT in the patient with BCS. We
recently performed successful LDLT with extensive
thrombectomy in a patient with acute-on-chronic BCS
with a totally thrombosed retrohepatic IVC.

Patient

A 63-year-old man was admitted with general fatigue
and vomiting to a local hospital, where liver dysfunction
was confirmed. He was transferred to our hospital when
his liver function deteriorated severely, with the follow-
ing laboratory findings: serum total bilirubin 5.6 mg/dl,
aspartate aminotransaminase 3573IU/l, and alanine
aminotransferase 2034 IU/L. He also had grade 3 hepatic
encephalopathy. Abdominal computed tomography
(CT) showed occlusion of the middle and left hepatic
veins with thrombus in the IVC, extending from below
the renal vein to the suprahepatic IVC (Fig. 1), as well
as moderate ascites, and a patent portal vein. As a result
of intensive care including plasma exchange, the acute
liver failure improved and the patient was referred as a
candidate for LDLT, with a diagnosis of BCS.

Technique

The patient underwent LDLT 3 months after the onset
of acute liver failure. He received a right lobe liver graft
from his son. The intraoperative findings revealed a
hard and irregular liver, with moderate ascites and signs
of portal hypertension.
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The preoperative abdominal CT showed a throm-
bosed IVC, so a portovenous bypass was established
early in the procedure. The supradiaphragmatic IVC
was cross-clamped after opening the pericardium. We
introduced a Fogarty catheter through the opened and
widened orifice of the right hepatic vein and common
trunk of the left and middle hepatic veins. Since part of

Fig. 1. Coronal view of preoperative abdominal computed
tomography (CT) showed thrombosis of the inferior vena
cava (IVC) extending from the suprahepatic IVC to below the
left renal vein, a cirrhotic liver, and collateral vessels

1027

the thrombus was difficult to remove by using only a
Fogarty catheter, we performed thrombectomy through
a longitudinally opened IVC wall with segmental
cross-clamp.

After removing the thrombus from the IVC, we per-
formed cavoplasty to match the orifice of donor’s
hepatic vein without any patch or interposition graft.
The right hepatic vein of the graft was anastomosed to
the recipient’s IVC in an end-to-side fashion (Fig. 2),
and portal, arterial, and biliary anastomoses were
completed in a standard fashion. Immediately after
LDLT, intravenous heparin therapy was started, which
was later changed to oral warfarin. The patient had
an uneventful postoperative recovery and was dis-
charged on postoperative day 28. Follow-up CT con-
firmed a patent IVC and hepatic veins (Fig. 3). The
patient is now doing well without any signs of recur-
rence of BCS.

Discussion

Yamada et al.* reported three cases of patients who
underwent LDLT without replacement of a chronically
occluded IVC because they had well-developed hemia-
zygos veins. As our patient did not have well-developed
hemiazygos veins, the IVC had to be preserved as a
return from the lower half of the body and as an outflow
route from the liver.

As options to replace an occluded retrohepatic
IVC in LDLT, Yan et al.’ reported the usefulness of a
cryopreserved vena cava graft, and Shimoda et al.’
advocated an autologous vein graft. Although these

Fig. 2. Intraoperative photos showing
cross-clamping of the IVC after opening
the pericardium (a),opening of the IVC
and subsequent thrombectomy with a
Fogarty catheter (b, ¢), and cavoplasty
performed to match the right hepatic
vein of the graft (d)
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techniques have merit, appropriate cryopreserved grafts
or autologous vessel grafts are not always available. Lee
et al.” described replacing the diseased stenotic retrohe-
patic vena cava of the recipient with a large-caliber
Dacron interposition graft, placed between the right
atrium and the infrahepatic IVC. Although long-term
outcomes should be evaluated, their technique might be
feasible if the thrombotic obstruction of the suprahe-
patic IVC extends almost to the junction of the right
atrium and the intrapericardiac IVC.

The successful outcome of our patient confirms the
feasibility of our technique, including extensive throm-
bectomy without a vessel graft, for managing a stenotic
or occluded IVC in LDLT for the BCS patient. In slow-
progressing BCS, the wall of inferior caval vein can
become fibrotic if thrombosis exists there long term.
Although our technique might be applicable for slow-
progressing as well as acute BCS, it is important to
check if the IVC has a fibrotic wall that could make the
IVC stenotic even after thrombectomy.

To the best of our knowledge, this is the first report
of LDLT in a BCS patient with such severe extensive
caval thrombus. Thus, for patients with acute deteriorat-
ing BCS with IVC thrombosis, and for those without CT
evidence of a well-developed long-standing hemiazygos

A. Soyama et al.: LDLT for Budd—Chiari Syndrome

Fig. 3. Follow-up abdominal CT con-
firmed a patent IVC with no signs of
recurrent thrombus

vein, we consider LDLT with extensive thrombectomy
to be a good treatment option.
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Surgical Technique

Elective living donor liver
transplantation by hybrid hand-assisted
laparoscopic surgery and short upper
midline laparotomy

Susumu Eguchi, MD, Mitsuhisa Takatsuki, MD, Akihiko Soyama, MD, Masaaki Hidaka, MD,
Tetsuo Tomonaga, MD, Izumi Muraoka, MD, and Takashi Kanematsu, MD, Nagasaki, Japan

Background. Although the technique of liver transplantation is well developed, the invasiveness of the
operation can be decreased with laparoscopic procedures.

Methods. We performed elective living donor liver transplantation (LDLT) through a short midline
incision combined with hand-assisted laparoscopic surgery (HALS). Nine selected patients with end
stage liver disease underwent the procedure between July, 2010 and February, 2011 (median age 60,
median Child-Pugh 9, median MELD score 14). Splenectomy was performed simultaneously in 7 cases.
The liver (and spleen) were mobilized by a sealing device under a HALS procedure with an 8-cm upper
midline incision, followed by explantation of the diseased liver (and spleen) through the upper midline
incision which was extended to 12 to 15 cm. Partial liver grafts were implanted through the upper
midline incision.

Results. The median duration of the operation was 741 minutes, the median time needed for anastomosis
was 48 minultes, the median blood loss was 3,940 g, and the median liver weight was 866 g.

Light recipients are alive and have good grafi function. A difficult implantation for one patient required an
additional right transverse incision. When compared with 13 recent liver recipients who underwent LDLT
with a regular Mercedes-Benz-type incision, no clinically relevant drawbacks of the HALS hybrid procedure
were observed.

Conclusion. We have shown the feasibility and safety of LDLT performed through a short midline
incision without abdominal muscle disruption with the aid of HALS. (Surgery 2011;150:1002-5.)

From the Department of Surgery, Nagasaki University Graduate School of Biomedical Sciences, Nagasaki,

Japan

IN AN ATTEMPT to decrease the morbidity and inva-
siveness associated with liver surgery, several liver
transplant teams have developed laparoscopic ap-
proaches to hepatectomy for living donors and pa-
tients with hepatic malignancies.'® The surgical
procedure performed on liver transplant recipi-
ents with portal hypertension is considered one
of the most difficult abdominal operations because
of the existence of collateral vessels. Nevertheless,
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selected patients have undergone a less invasive
procedure with laparoscopic assistance, including
patients with portal hypertension who underwent
splenectomy.® We postulated that an elective liver
transplant recipient procedure could be performed
through an upper midline laparotomy after mobili-
zation of the liver and spleen using hand-assisted
laparoscopic surgery (HALS). We report a safe
method for less invasive liver transplantation via a
short midline incision without disruption of the ab-
dominal musculature and nerves.”

MATERIALS AND METHODS

Living donor liver transplantation (LDLT)
through a midline incision using a hand-assisted
laparoscopic procedure was planned in 9 patients
between July 2010 and February 2011. Seven
patients had liver cirrhosis due to hepatitis C, in
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Table. Comparison of patient demographics and operative results

HALS + upper midline n = 9) Mercedes-Benz-type incision (n = 13) P value
Age 60 (44-69) 54 (27-72) NS
Gender (Male:Female) 4:5 8:5 NS
Child-Pugh score 9 (6-14) 10 (5-15) NS
MELD score 14 (7-43) 15 (7-35) NS
Graft (RL:ELL) 1:8 6:7 NS
Operation duration (min) 741 (599-839) 812 (654-1,097) P <.05
Anastomosis (min) 48 (37-55) 36 (32-6b) NS
Blood loss (g) 3,940 (1300-18,400) 3,350 (520-5,600) NS
Explanted liver (g) 866 (596-1,270) 830 (399-1,250) NS
Outcome 1 death 2 deaths NS

Values are expressed as median (range).

HALS, Hand-assisted laparoscopic surgery; MELD, model for end-stage liver disease; Anastomosis, anastomosis for hepatic vein and portal vein reconstruc-
tion; ELL, extended left lobe graft with middle hepatic vein; RL, right lobe graft.

whom splenectomy was performed simultaneously.
One patient required LDLT because of hepatitis B
cirrhosis, and another for Caroli’s disease. The
Ethics Committee of Nagasaki University Hospital
approved a laparoscopic approach for the living
donors as well. After experience with the 3 living
donor right hepatectomy procedures, we planned
to introduce the procedure in the recipient opera-
tion as well. The laparoscopic procedure was de-
scribed in detail to the recipients and they gave
their written consent. Patient demographics are
provided in the Table. This combined laparoscopic
and upper midline laparotomy procedure was indi-
cated only for elective LDLT without a previous his-
tory of upper abdominal surgery. Neither ascites
nor the degree of portal hypertension was consid-
ered as an exclusion criterion. Splenectomy was
performed for preemptive interferon therapy after
the liver transplantation.

Operative technique. Patients were placed su-
pine with arms adducted and a urinary catheter, and
arterial and central venous lines were inserted. An 8-
cm upper midline laparotomy was made followed by
a 12-mm infra umbilical incision for the laparo-
scope. A Gelport (Applied Medical, Rancho Santa
Margarita, CA) was used in at the 8-cm incision, and
a 5-mm port was placed in the right and left lateral
upper abdomen under pneumoperitoneum (COsq
at 8 mmHg) (Fig, A). This configuration enabled
the first assistant surgeon, who stood on the left
side of the patient, to use the hand port for liver ma-
nipulation. The primary operator stood on the right
side and used the right lateral 5-mm port for dissec-
tion. Using a laparoscopic sealing device (Enseal;
Ethicon Endo-Surgery, Cincinnati, OH) and hand
assist, the right lobe of the liver was mobilized until
the inferior vena cava was exposed (Fig, B). For pa-
tients who needed splenectomy, the primary opera-
tor moved to the left side and used the left lateral

5-mm port to mobilize the spleen from the retropér—
itoneum, which was handled by the first assistant sur-
geon through a Gelport from the right side, using a
sealing device. After those bilateral mobilizations,
the midline incision was extended to 12-15 cm,
and a wound protector was applied. The wound
was retracted and opened with, the Omnitract retrac-
tor. Under directview, the short hepatic veins were di-
vided and the right hepatic vein was encircled
through a midline incision as well as by transection
of the splenic hilum with an endovascular stapler. Af-
ter hepatic hilum dissection, explantation of the liver
was performed in our regular manner without veno-
veno bypass (Fig, C).

Implantation of the left hepatic lobe with the
middle hepatic vein was performed through the
midline under cross-clamping on inferior vena
cava using the standard procedure, followed by
arterial and biliary reconstruction. Implantation of
the right hepatic lobe was performed under partial
clamping on inferior vena cava. After the proce-
dure (Fig, D), 2 drains were placed through the
5-mm trochers, and the midline wound was closed.

In order to clarify the effect of our HALS hybrid
procedure, data from 13 recent cases of the LDLT
procedure involving a Mercedes-Benz-type incision
after January 2010 were analyzed and compared
(Table).

Statistical analysis. Univariate analysis was per-
formed using the chisquare test for categorical
factors and the Mann-Whitney test for numerical
values. Pvalues of less than .05 were considered to
be statistically significant.

RESULTS

The Table shows the patient demographics and
operation results for our hybrid procedure of
LDLT in comparison with LDLT under regular
Mercedes-Benz-type incision. Case 2 had massive
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Fig. Case 2, 68 years old, female. (A) Hand-assisted port was applied for pneumoperitoneum. (B) Laparoscopic mobi-
lization of the diseased liver. (C) Anhepatic phase though midline incision. (D) Implanted extended left liver lobe graft.
(E) The abdominal wound 2 months after the operation. A biliary splint and tube jejunostomy was still placed and cov-
ered with white gauze.

3.5-L ascites that was evacuated through the lapa-
rotomy. A left lobe graft with the middle hepatic
vein was implanted through the upper midline in-
cision in 8 patients. The median duration of the
operation was 741 minutes (range, 599-839) with
a median blood loss of 3,940 ml (range, 1,300-
18,400). The hepatic venous and portal venous
reconstruction lasted a median of 48 minutes
(range, 35-55). In case 2, the caudate lobe vein
was also reconstructed. One case (Case 8) required
an additional right transverse incision as it in-
volved a difficult implantation. Eight recipients
are alive and have excellent graft function. One
death (Case 8) occurred due to thrombolytic mi-
croangiopathy on day 68. The wound in Case 2
was shown at 2 months after the LDLT (Fig, E).
When the results of the HALS hybrid procedure
were compared with those of 13 recent LDLT recip-
ients performed using a regular Mercedes-Benz-type
incision, no clinically important limitations were ob-
served with the HALS hybrid procedure (Table). In
fact, the operative time was less in HALS hybrid cases
(HALS: median 741 vs Mercedes-Benz: 812 minutes).
Otherwise, there were no important differences be-
tween HALS hybrid cases and regular incision cases.

DISCUSSION

We showed the feasibility of LDLT through a
midline incision without abdominal muscle dis-
ruption as occurs with the usual transverse incision
combined with HALS. Because LDLT is performed
usually in an elective manner, this procedure could
be planned and prepared for.

Before this study, we had performed 130 LDLTs
through the usual transverse Mercedes-Benz-type
incisions.® Based on that experience, we presumed
that it would be possible to perform explantation
of the liver and spleen followed by implantation
of the partial graft liver through a midline incision,
because the liver hilum and inferior vena cava are
usually located in the center of the upper abdo-
men. Also, because HALS has been used in the
hepatectomy from the living donors, hepatic ma-
lignancy, and splenectomy, its use in the recipients
seemed logical, because the magnified view under
laparoscopy would allow us to obtain hemostasis
using sealing devices.”'® Because the transverse in-
cision is usually needed only for mobilization of
the right liver lobe and spleen, the laparoscopic
procedure would allow this mobilization, especially
in patients with an increased body mass index.'""'*
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During liver transplantation for patients with
hepatitis C, we perform splenectomy for postoper-
ative interferon treatment with ribavirin, which is
sometimes complicated by thrombocytepenia.'®
For this combined procedure with mobilization
of the liver and spleen, as presented in 7 cases,
the HALS procedure showed a marked benefit of
visualization not possible with the usual open lapa-
rotomy. It made sense for us to perform the mobi-
lization of the liver and spleen using HALS under
the laparoscope, because after these procedures
the liver transplantation could be performed
through the short upper midline incision. Quick
celiotomy and closure of the abdomen were also
benefits of the upper midline incision.'"* Because
no muscle disruption occurred, we believe that
postoperative rehabilitation was facilitated. The
additional duration of the laparoscopic procedure
was offset by the rapid opening and closing of the
abdominal incision.

In our series, for the hybrid procedure of HALS
and a short midline laparotomy, we selected pa-
tients without a history of previous upper abdom-
inal surgery. Although there was still a risk of
massive bleeding from collateral vessels, the use of
a sealing device with a magnified view allowed us to
perform the laparoscopic mobilization. The me-
dian blood loss during LDLT was similar to what is
reported in large LDLT series.'” Although we have
not had serious complications during the proce-
dure, we would not hesitate to add a wide trans-
verse incision if any difficulty occurred during
the procedure, as occurred in our case 8.
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