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Background. Whether hepatitis C virus recurrence occurs earlier and with greater severity for living donor liver
transplantation (LDLT) than for deceased donor liver transplantation (DDLT) has recently become a subject of debate.
Methods. We retrospectively evaluated clinical outcomes for a cohort of 91 HCV-positive patients who underwent
LDLT at Kyoto University with a median follow-up period of 25 months.

Results. Overall 5-year patient survival for HCV patients was similar to that for non-HCV patients (n=209) who
underwent right-lobe LDLT at our institute (69% vs. 71%). Survival rate of patients without HCC (n=34) tended to be
better than that of patients with HCC (n=57) (82% vs. 60%, P= 0.069). According to annual liver biopsy, rate of fibrosis
progression to stage 2 or more (representing significant fibrosis) was 39% at 2 years after LDLT. Univariate analysis
showed that female recipient and male donor represented significant risk factors for significant fibrosis. Progression to
severe recurrence (defined as the presence of liver cirrhosis (Fd) in a liver biopsy and/or the development of clinical

decompensation) was observed in five patients.

Conclusions. Postoperative patient survival was similar for HCV-positive and -negative recipients in our adult LDLT
series. Rates of progression to severe disease due to HCV recurrence seemed comparable between our LDLT recipients
and DDLT recipients described in the literature. Although longer-term follow-up is required, our results suggest that
LDLT can produce acceptable outcomes also for patients suffering from HCV-related cirrhosis.
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C hronic hepatitis C virus (H CV) has become a global ep-

idemic, with an estimated 200 million people currently
infected worldwide., Nowadays, HCV-related cirrhosis is the
most common indication for liver transplantation. However,
recurrence of HCV infection is universal and often occurs
immediately after transplantation (1). The prevalence of
chronic hepatitis C in HCV-positive liver transplant recipi-
ents is 70-90% after 1 year, and rate of fibrosis progression is
accelerated so that 20-40% of patients progress to allograft
cirrhosis within 5 years (2-6). As a result, graft and patient
survival is significantly reduced for HCV-positive recipients
compared with HCV-negative recipients (6-7),

In Japan, too, HCV-related cirrhosis and hepatocel-
lular carcinoma (HCC) represent the most prevalent liver
diseases, and living donor liver transplantation (LDLT) has
become a treatment option for patients with these diseases.
However, a warning was recently issued by some Western
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transplant centers that HCV recurrence may occur earlier
and with greater severity, and graft loss caused by recurrent
HCV may be more frequent for LDLT than for deceased
donor liver transplantation (DDLT) (8-11). Some sugges-
tions have been offered for mechanisms that could increase
graft damage in HCV-infected LDLT recipients (12). First,
because the right hepatic lobe graft undergoes intense regen-
eration immediately after LDLT, specific cellular changes oc-
curring during this vigorous proliferative response may facil-
itate entry of HCV into hepatocytes or promote HCV
replication. Second, since most living donors are primary rel-
atives of the recipient, increased genetic similarity and a
higher degree of HLA matching between donor and recipient
compared with DDLT may affect the severity of recurrent
HCV infection. Conversely, more recent studies have re-
ported comparable results between LDLT and DDLT (13-
15). Such discrepancies may be explained in part by the small
numbers of LDLT patients included in these studies, or learn-
ing curve effects on recent data associated with increased ex-
perience (16).

This issue has attracted worldwide attention because,
given the shortage of deceased donor organs, increasing
numbers of patients are choosing to undergo LDLT. The mat-
ter is of critical importance in Japan and countries where
almost all liver transplantations use living donor grafts. The
present study retrospectively evaluated clinical outcomes for
a comparatively large cohort of 91 patients who underwent
LDLT for HCV-related cirrhosis at our institute. We investi-
gated the frequency and severity of posttransplant recurrence
of chronic HCV hepatitis and examined risk factors in order
to clarify the role of LDLT in the treatment of patients with
HCV cirrhosis.
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PATIENTS AND METHODS

Patients

Between March 1999 and April 2005, LDLT was per-
formed at Kyoto University on 105 patients with HCV cirrho-
sis. Of these, 91 patients (61 men, 30 women) who had un-
dergone LDLT by June 2004 and had been followed up for
>12 months were included in this study (Table 1). Median
age of subjects was 55 years (range, 30—69 years). Median
model for end-stage liver disease (MELD) score was 16
(range, 4-33). HCV cirrhosis was accompanied by HCC in 57
patients (63%), including 25 who exceeded Milan criteria.
Median MELD scores in groups with and without HCC were
15 (range, 4-33) and 18 (range, 9-33), respectively
(P=0.015, Mann-Whitney U test).

All patients were positive for anti-HCV antibody before
the operation, Preoperative HCV RNA load, measured using
the polymerase chain reaction (PCR) method with an Ampli-
cor HCV assay (Roche Molecular Systems, Pleasanton, CA),
was obtained for 74 patients, with a median value of 260
kIU/ml (range: <0.5-2400). Patients treated during the early
period, in whom viral load was measured only using DNA
probe methods, were considered to lack relevant data. HCV
genotype, determined using a system based on PCR with gen-
otype-specific primers (17), was: 1b (n=52); 2a (n=6); 2b
(n=3); others (n=2); not determined (low viral load, n=3);
or not examined (n=25).

LDLT using a right-lobe graft was performed on all
except two patients who received left lobe grafts. Operative
procedures for donor and recipient surgery have been de-
scribed elsewhere (18, 19). Donors were 52 men and 39

TABLE 1. Preoperative profile and clinical
characteristics
Characteristic Data
n 91
Recipient sex (male/fernale) 61/30
Median recipient age, years 55 (30-67)
(range)
Child-Pugh grade (A/B/C) 2/26/63
Median MELD score (range) 16 (4-33)
Pretransplant HCC (yes/no) 57/34
HCV genotype (1b/2a/2b/others) 52/6/3/2

Median HCV-RNA, kIU/mL 260 (<0.5-2400)

(range)
Pretransplant interferon therapy 30/61
(ves/no)
Median donor age, years 40 (19-64)
(range)
Donor gender (male/fernale) 52/39
Relation to recipient 57/34
(related/unrelated)
ABO blood-type mismatch 15/76
(yes/no)
HLA-A,B mismatch (=2/=3) 70/21
HLA-DR 2 mismatch (yes/no) 26/65
GRWR =1.0% (yes/no) 54/37
Immunosuppression (FK/CyA) 83/6
Steroid-free induction (yes/no) 19/72
Methylprednisolone boluses 32/59

for rejection (yes/no)
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women, with a median age of 40 years (range, 19-64 years).
Relationship to the recipient was: child (n=36); spouse
(n=34); sibling (n=17); parent (n=1); or other (n=3). ABO
blood-type matching was incompatible in 15 cases.

After discharge, patients were scheduled for monthly
visits to the outpatient clinic for the first year. Median dura-
tion of follow-up was 25 months (range, 1-72 months).

Immunosuppression

The standard immunosuppression protocol comprised
tacrolimus and low-dose steroid (20). The target whole-
blood trough level for tacrolimus was 10-15 ng/ml during the
first 2 weeks, approximately 10 ng/ml thereafter, and 5-8
ng/ml from the second month. Cyclosporine microemulsion
was administered instead of tacrolimus for induction immu-
nosuppression in six patients. Steroid therapy was initiated at
a dose of 10 mg/kg before graft reperfusion, then tapered
from 1 mg/kg/day on day 1 to 0.3 mg/kg/day until the end of
the first month, followed by 0.1 mg/kg/day until the end of
the third month. After this time, steroid administration was
terminated, As an exception, 13 patients received steroid-free
tacrolimus monotherapy as an induction procedure in an at-
tempt to reduce HCC recurrence. In addition, four patients
were assigned to a tacrolimus plus mycophenolate mofetil
(MMF) (without steroid) group in a prospective comparative
study started in March 2004 to evaluate the effects of steroid-
free immunosuppression on recurrence of HCV. Another
two patients transplanted with grafts from an identical twin
did not receive any immunosuppressive treatment.

Patients who received ABO blood-type incompatible
transplants were treated with preoperative plasma exchange
or double-filtration plasmapheresis in order to reduce anti-A
or B antibody titers. During the first 3 weeks postoperatively,
prostaglandin E1 and additional steroids were administered
via the portal vein or hepatic artery (21). Cyclophosphamide
was also given intravenously for the first 2 weeks, and then
orally.

Acute rejection episodes were documented by means of
liver histology (22) and treated with methylprednisolone bo-
luses if moderate or severe, OKT-3 was used for only one
patient. MMF or azathioprine was added for patients who
experienced refractory rejections or required reduction of ta-
crolimus dose due to adverse effects.

Antiviral Therapy

Prophylactic antiviral therapy for HCV was not admin-
istered. As a rule, antiviral treatment was used for patients
with recurrent chronic hepatitis C. The treatment protocol
consisted of interferon @2b (3—6X10° units 3 times/week)
plus ribavirin (400-800 mg/day orally for the first 6 months),
followed by interferon monotherapy for 6 months.

Histological Assessment

A total of 398 liver biopsies were evaluated when pa-
tients displayed liver enzyme levels elevated more than two to
three times the normal upper limit, or at yearly intervals when
informed consent was obtained. Annual follow-up biopsies
were obtained from 60 patients at 1 year after LDLT, 34 pa-
tients at 2 years, 14 patients at 3 years, 6 patients at 4 years, and
1 patient at 5 years. Biopsy specimens were evaluated by a
single pathologist (H.H.) with extensive experience in the pa-

—1400—



352

thology of liver transplantation. Necroinflammatory activity
(A0-A4) and fibrosis stage (FO-F4) were assessed using the
METAVIR score (23, 24). Fibrosis of stage 2 or higher was
defined as significant fibrosis and was used as one of the end-
points in this study. A stage score of 2 was considered easily
separable from stage 1 as a dividing point, as stage 1 involves
fibrosis confined to the portal tract.

Prognostic Factors for Patient Survival and HCV
Recurrence

A total of 18 variables potentially associated with pa-
tient survival and HCV recurrence were evaluated. Pretrans-
plantation variables included: recipient age; recipient gender;
Child-Pugh grade; MELD score; presence of HCC; HCV ge-
notype (1bvs. non-1b); HCV viral load; and history of previ-
ous antiviral treatment with interferon. Donor-related vari-
ables comprised: age; gender; relation to the recipient (related
vs. unrelated); ABO-blood type and HLA compatibilities;
graft-to-recipient body weight ratio (GRWR: <1.0% vs.
=1.0%). Posttransplant variables were: induction immuno-
therapy (tacrolimus vs. cyclosporine, with or without ste-
roid); and administration of steroid boluses.

Statistical Analysis

Overall survival, time to reach fibrosis of stage 2 or
more according to liver biopsy (with time to last biopsy for all
patients who did not reach fibrosis of stage 2), and time to
severe HCV recurrence were evaluated. Severe HCV recur-
rence was defined as the presence of liver cirrhosis (F4) in a
liver biopsy and/or the development of clinical decompensa-
tion secondary to liver diseases with portal hypertension (11),
Cumulative probability curves of survival or HCV recurrence
were calculated using the Kaplan-Meier method, and differ-
ences between these curves were compared using the log-rank
test. The cutoff chosen for quantitative variables was the me-
dian, unless stated otherwise. Any variable identified as sig-
nificant (P<<0.05) in univariate analysis by log-rank testing
was considered a candidate for multivariate analysis using
Cox’s proportional hazards regression model. Values of
P<0.05 were considered statistically significant.

RESULTS

Patient Survival

As of the end of May 2005, 65 patients were still alive.
One patient had received re-LDLT for graft cirrhosis due to
HCV recurrence 31 months after first LDLT and has survived
14 months since then. Causes of death for the 26 patients
were: sepsis (n=11); peritonitis (n=4); pneumonia (n=3);
recurrent HCC (n=4); chronic rejection (n=2); veno-occlu-
sive disease (n=1); and recurrent HCV (fibrosing cholestatic
hepatitis (FCH), n=1). QOverall patient survival rate at 5 years
was 69%, similar to that of 209 non-HCV patients (71%) who
underwent right-lobe LDLT at our institute between Febru-
ary 1998 and June 2004 (PBC/PSC, n=56; HBV cirrhosis,
n=>53; fulminant hepatitis, n=38; cholestatic disease, n= 19;
and others, n=43; Fig. 1). Among HCV-positive patients,
5-year survival rate tended to be better in patients without
HCC (n=34) than in patients with HCC (n=57), although
no significant difference was identified (82% vs. 60%,
P=0.069; Fig. 2). None of the variables listed above as prog-
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FIGURE 1. Patient survival after living donor liver trans-
plantation (HCV vs. non-HCV). Overall patient survival rate
for HCV-positive patients was 69% at 5 years, similar to that
for non-HCV patients (71%, n=209) who underwent right-
lobe LDLT at our institute between February 1998 and June
2004.

Survival rate (%)
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FIGURE 2. Patient survival for HCV patients (with vs.
without HCC). Among HCV-positive patients, survival rate
tended to be better for patients without HCC (n=34) than
for patients with HCC (n=87), although no significant differ-
ence was found (82% vs. 60%, P=0.069).

nostic factors for patient survival and HCV recurrence dis-
played any significantly associations with patient survival.

Evaluation of Liver Histology

During the first year after LDLT, necroinflammatory
changes suggesting recurrent hepatitis C were observed in 50
patients: Al in 32 patients; A2 in 17 patients; and A3 in one
patient. Afterwards, the percentage of patients who received
biopsy among those alive at yearly intervals was as follows: 1
year, 86% (60/70); 2 years, 72% (34/47); 3 years, 44% (14/32);
4 years, 33% (6/18); and 5 years, 20% (1/5). Ten patients who
were alive for >1 year (range, 22-72 months) without any
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evidence of progressive liver disease never underwent any bi-
opsy at 1 year or later. Significant fibrosis (stage 2 or more)
was identified in 23 patients, including 3 patients who devel-
oped to fibrosis of stage 4 within 1 year. Excluding 19 patients
who died within 1 year without identified fibrosis and the 10
patients alive without biopsy for >1 year, camulative proba-
bility of significant fibrosis was 19% at 1 year after LDLT, 39%
at 2 years, and 58% at 3 years. Follow-up was censored at the
time of last biopsy for all patients who did not reach fibrosis of
stage 2.

The results from univariate analysis of risk factors for
significant fibrosis are summarized in Table 2. Female recip-
ient and male donor were significantly associated with devel-
opment of significant fibrosis. Analysis of quantitative vari-
ables, donor age and GRWR, demonstrated that rate of
significant fibrosis was not significantly different even when
cutoff levels were changed. Multivariate analysis with Cox’s
hazards model showed that neither female recipient nor male
donor represented independent risk factors for significant fi-
brosis (data not shown).

Severe Recurrence of HCV

FCH was diagnosed in two patients, one of whom died
of liver failure 7 months after LDLT. The other patient suf-
fered from FCH 2 months after LDLT, but recovered from
cholestasis and was still alive after 28 months. Final liver bi-
opsies of both patients showed fibrosis of stage 4. Another
three patients also developed fibrosis of stage 4 during follow-
up. One patient whose liver biopsy led to a diagnosis of recur-
ring chronic hepatitis with F3 fibrosis 10 month after LDLT
also suffered from stenosis of duct-to-duct biliary anastomo-
sis. This patient underwent hepaticojejunostomy, but died of
fungal pneumonia 1 month later. Liver histology at autopsy
revealed F4 fibrosis. Another patient received re-LDLT for
recurrent decompensated cirrhosis, as described above. The
other patient who developed to biopsy-proven stage 4 fibrosis
at 50 months was alive without decompensation as of 63
months after LDLT. In total, severe recurrence (progression
of biopsy-proven cirrhosis and/or occurrence of clinical de-
compensastion) was diagnosed in five patients, and cumula-
tive probability of severe recurrence was 8% at 2 years. Of the
five patients presenting with severe recurrence, three were
female and all had received the liver graft from a male donor.

TABLE 2.
or higher

Risk factors associated with fibrosis of stage 2

Recurrence rate
(number of patients at risk)

Factors n  lyear 2years  3years Pvalue
Total® 62 19% (50) 39% (14) 58% (5)
Recipient sex 0.006

Male 40 10% (36) 27% (10) 48% (4)

Femnale 22 36% (14) 60% (4) 70% (1)

Donor sex 0.047

Male 36 25% (28) 49% (6) 59% (1)

Female 26 12% (22) 26% (8)  47% (4)

“The 19 patients who died within 1 year without identified fibrosis and
the 10 patients alive without biopsy for >1 year were excluded.
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DISCUSSION

In the present study, only one patient had died of re-
current HCV as of the time of writing, and the majority of
posttransplant deaths were attributable to postoperative
complications occurring within a few months after LDLT.
Infectious complications such as sepsis, pneumonia and peri-
tonitis represented the most common causes of early mortal-
ity, as was the case in HCV-negative recipients. One-year
mortality rates were 23% and 25%, respectively. Currently,
overall 5-year patient survival rate for HCV-positive patients
appears similar to that for non-HCV patients in our adult
LDLT series (69% vs. 71%; Fig. 1). Of the 91 patients, HCC
was present in 57 (63%), including 25 patients who exceeded
the Milan criteria. Four patients died of recurrent HCC after
LDLT, and the survival rate tended to be lower for patients
with HCC than for patients without HCC (82% vs. 74% at
1 year, and 82% vs. 60% at 5 years; Fig. 2). Only one patient in
this cohort had to undergo re-transplantation, and 5-year
graft survival rates were 68% for all patients and 82% for
patients without HCC. These results are comparable to the
reported DDLT outcomes in the UNOS database: patient
and graft survival rates of HCV-positive patients (n=3955)
at 2 years were 81% and 75%, respectively (13); and rates for
HCV-positive but HCC-negative patients (n=5640) at 5
years were 74.6% and 69.9%, respectively (7).

Progression of fibrosis due to recurrent chronic hepa-
titis is key to determining graft prognosis after liver trans-
plantation for HCV-positive recipients. In the present study,
progression of fibrosis in the liver biopsy was assessed and
fibrosis to stage 2 or more was defined as significant fibrosis.
The probability of progression to significant fibrosis was 39%
at 2 years after LDLT. Several risk factors associated with
posttransplant recurrence of hepatitis C have been identified
(5, 25-27). These include pretransplant viral load, genotype
1b, donor age and graft steatosis, recipient age, race, gender,
coexistence of HCC, and rejection treatment using bolus ste-
roid or antilymphocyte preparations. Among the 18 potential
variables examined in our study, univariate analysis identified
female recipient and male donor as closely related to signifi-
cant fibrosis. However, multivariate analysis showed that nei-
ther variable represented a significant independent risk fac-
tors. Actually, some correlation among these two variables
was noted. Of the 30 female recipients, 24 had received a liver
graft from a male donor (son or husband). An association
between female gender of the recipient and severity of recur-
rent HCV has been demonstrated in previous studies (6, 7).
However, no previous reports have implicated gender of the
donor as an involved factor. Although difficulty exists in de-
termining which is the predominant factor, the combination
of male donor and female recipient may exert a negative im-
pact on HCV recurrence.

Rapid proliferation of hepatocytes during postopera-
tive graft regeneration may contribute to a higher rates of
both HCV replication and severe recurrence in LDLT (11).
This seems to imply a higher risk of recurrence in cases in-
volving smaller grafts, which are supposed to undergo regen-
eration at a higher rate. Qur study, however, showed that
progression of significant fibrosis was similar for patients
who received grafts with GRWRs of <1.0% or =1.0%. This
result is supported by a recent report (28) showing that liver
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regeneration following partial liver transplant does not in-
crease the risk of HCV recurrence. Likewise, neither the rela-
tionship between donor and recipient nor degree of HLA
matching seemed to influence recurrence. The results of our
study thus do not support the hypothesis that these factors
may exert negative effects on HCV recurrence in LDLT pa-
tients.

Due to the small number of patients treated using
DDLT in Japan, HCV recurrence rates could not be com-
pared between DDLT and LDLT. In previous studies on HCV
recurrence after DDLT (1, 13, 25, 29, 30), histologically diag-
nosed recurrence of chronic HCV occurred in 65-90% of
HCV-positive DDLT recipients during the first 2 years. How-
ever, a lack of uniform definitions for recurrent HCV, even
when histological liver biopsy findings are used as criteria, has
been indicated as one reason for the difficulties in comparing
studies on HCV recurrence (31). Recently, a report from
Spain demonstrated that severe recurrence of hepatitis C, de-
fined as the development of cirrhosis or clinically decompen-
sated liver disease, is more frequent in LDLT recipients (11).
According to this report, the 2-year probability of developing
severe recurrence was 45% after LDLT, compared to 22%
after DDLT (P=0.019). When the same definitions were
applied, rate of severe recurrence was only 8% at 2 years in
our study. Arguably as many as 19 patients (21%) died within
1 year before developing HCV recurrence in our series. How-
ever, considering that the probability of either death or severe
recurrence was 29% at 2 years, the results for our LDLT series
were not likely to be greatly inferior to other reported cases.

In conclusion, postoperative patient survival was simi-
lar for HCV-positive and -negative recipients in our adult
LDLT series. Rate of recurrence for chronic HCV and preva-
lence of progression to severe disease for our LDLT recipients
appeared comparable to those for DDLT reported in the lit-
erature. Although these results need to be confirmed with a
longer follow-up period, the present findings suggest that
LDLT can produce acceptable outcomes for patients suffer-
ing from end-stage liver disease due to chronic HCV.
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ORIGINAL ARTICLES

Biliary Reconstruction in Right Lobe Living-Donor
Liver Transplantation

Comparison of Different Techniques in 321 Recipients

Mureo Kasahara, MD, PhD,* Hiroto Egawa, MD, PhD,* Yasutsugu Takada, MD, PhD,f
Fumitaka Oike, MD, PhD,} Seisuke Sakamoto, MD, PhD, 7 Tetsuya Kiuchi, MD, PhD,}
Syujiro Yazumi, MD, PhD,§ Toshiva Shibata, MD, PhD,|| and Koichi Tanaka, MD, PhD*f

Objective: To assess the incidence of biliary complications after
right lobe living-donor liver transplantation (LDLT) in patients
undergoing duct-to-duct choledochocholedochostomy or Roux-en-Y
choledochojejunostomy reconstruction.

Summary Background Data: Biliary tract complications remain
one of the most serious morbidities following liver transplantation.
No large series has yet been carried out to compare the 2 techniques
in LDLT. This study undertook a retrospective assessment of the
relation between the method of biliary reconstruction used and the
complications reported.

Methods: Between February 1998 and June 2004, 321 patients
received right lobe LDLT. Biliary reconstruction was achieved with
Roux-en-Y choledochojejunostomy in 121 patients, duct-to-duct
choledochocholedochostomy in 192 patients, and combined Roux-
en-Y and duct-to-duct choledochocholedochostomy in 8 patients.
The number of graft bile duct and anastomosis, mode of anastomo-
sis, use of stent tube, and management of biliary complications were
analyzed.

Results: The overall incidence of biliary complications was 24.0%.
Univariate analysis revealed that hepatic artery complications, cyto-
megalovirus infections, and blood type incompatibility were significant
risk factors for biliary complications. The respective incidence of biliary
leakage and stricture were 12.4% and 8.3% for Roux-en-Y, and 4.7%
and 26.6% for duct-to-duct reconstruction. Duct-to-duct choledocho-
choledochostomy showed a significantly lower incidence of leakage
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and a higher incidence of stricture; however, 74.5% of the stricture was
managed with endoscopic treatment.

Conclusions: The authors found an increase in the biliary stricture
rate in the duct-to-duct choledochocholedochostomy group. Because
of greater physiologic bilioenteric continuity, less incidence of
leakage, and easy endoscopic access, duct-to-duct reconstruction
represents a feasible technique in right lobe LDLT.

(Ann Surg 2006;243: 559-566)

Biliary tract complication remains one of the most serious
morbidities following liver transplantation, with an inci-
dence of 10% to 30% in deceased liver transplantation.' * It
has been reported that the pathogenesis of biliary leakage and
stricture in deceased liver transplantation were related to
preoperative patient condition, blood type incompatibility,
ischemic time, hepatic artery complications, and cytomega-
lovirus (CMV) infection.® The published data have also
suggested that the frequency of biliary complications is higher in
post-living donor liver transplantation (LDLT) compared with
deceased liver transplantation.'™'' Major concemns are early
leakage and late stricture at the anastomotic site, which are
associated with technical, anatomic, or microcirculatory con-
siderations. Particularly in the recipient with “small-for-size”
graft or deteriorated preoperative status, early biliary compli-
cations readily result in a fatal outcome, and these conditions
themselves may increase the risk of complications.

There remains considerable disparity in the reported
cases with regard to the incidence of biliary complications
after right lobe LDLT, with reported rates ranging from 24%
to 60%.'"'*"'* In right liver graft, current controversy fo-
cuses on the selection between Roux-en-Y hepaticojejunos-
tomy and duct-to-duct choledochocholedochostomy. Many
technical issues, such as the method of dissection, selection of
suture and mode, and the use of stenting tube, are still under
discussion. Duct-to-duct is currently our standard technique
of choice for biliary reconstruction in right lobe LDLT, with
the following advantages over Roux-en-Y choledochojeju-
nostomy: 1) no need for intestinal manipulation, serving as an
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anatomic barrier to reflux of enteric contents into the biliary
tract, and it may theoretically decrease the risk of ascending
cholangitis and the morbidity: is reduced even when early
anastomotic leakage occurs; 2) technically faster and easier
than Roux-en-Y; and 3) the physiologic bilioenteric continu-
ity enables good endoscopic access postoperatively. 67

This report describes surgical trials for biliary recon-
struction in 321 consecutive right lobe LDLT, focusing on
technical considerations regarding the biliary anatomy on
graft, suture mode and stent tube in duct-to-duct/Roux-en-Y
biliary reconstructions during long-term follow-up.

PATIENTS AND METHODS

Between June 1990 and June 2004, 953 patients under-
went 1000 LDLTs at Kyoto University Hospital, Kyoto,
Japan. Right lobe LDLT was first carried out at our institution
in February 1998, and we have since performed 346 right
lobe LDLTs. Of these, 25 patients died within 3 months of
LDLT and are thus excluded from this study. A total of 321
patients were the subjects of the present study.

The patients were 164 males and 157 females, with a
median age of 43.4 years (range, 15.5-70.3 years), and a median
weight of 59.9 kg (range, 34.6-99.5 kg). Median model for
end-stage liver disease'® score was 18.0. The indication for
liver transplantation was hepatocellular carcinoma in 86 pa-
tients, followed by viral hepatitis (n = 57), cholestatic liver
disease (n = 57), fulminant hepatic failure (n = 39), biliary
atresia (n = 34), metabolic liver disease (n = 9), metastatic
liver tumor (n = 3), retransplantation (n = 16), and others
(n = 20). Forty patients (12.5%) received blood type incom-
patible grafts. Thirty patients (9.3%) received right lobe with
middle hepatic vein graft. A total of 121 patients (37.7%)
received biliary reconstruction using Roux-en-Y and 192
(59.8%) had duct-to-duct anastomosis, while 8 (2.5%) pa-
tients underwent combined Roux-en-Y and duct-to-duct anas-
tomosis. After the introduction of duct-to-duct anastomosis in
July 1999, patients who had liver disease without extrahe-
patic biliary tract involvement were candidates for duct-to-
duct anastomosis. The median follow-up period was 60
months (range, 7-80 months) in Roux-en-Y choledochojeju-
nostomy and 34 months (range, 7-64 months) in duct-to-duct
anastomosis (P < 0.01). There were no significant differ-
ences in patient characteristics between either group, except
for the follow-up period and the patient age. Because of the
patient population with biliary atresia in the Roux-en-Y group,
the patient age was significantly younger in the Roux-en-Y
group (P < 0.01) (Table 1).

Immunosuppression consisted of tacrolimus and low-
dose steroids."” Patients who received blood type incompat-
ible transplants had preoperative plasma exchange or double
filtration plasmapheresis to reduce the anti-ABH antibody
titer. Prostaglandin E1, cyclophosphamide, and additional
steroids were administered from the portal vein or hepatic
artery postoperatively.?%-?!

Statistical analysis was performed using the generalized
Wilcoxon test. Actuarial survival rate was calculated with the
nonparametric Kaplan-Meier method and was compared with
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TABLE 1. Patient Characteristics
Roux-en-Y DD

Characteristic (n = 121) (n = 192) P
Age (yr) 352 ' 135 488 ' 113  <0.01
MELD score 169 = 114 184 =105 NS
Donor age (yr) 43,1 %109 414119 NS
ABO incompatibility (%) 11.6 13.5 NS
GRWR (%) 119 % 0% 113 =026 NS
Cold ischemic time (min) 123:% 103 97 £ 77 NS
Warm ischemic time (min) 42 = 13 49 * 17 NS
Operation time (min) 789+ 192 693 = 173 NS
Blood loss (g) 7855 * 10582 6060 = 8082 NS
Median follow-up period (mo) 60.0 34.0 <0.01

DD indicates duct-to-duct choledochocholedochostomy; GRWR, graft-to-recipient
weight ratio; NS, not significant,

the Wilcoxon test throughout the study. — values of less than
0.01 were considered significant.

The study was approved by the international review
board and informed consent was obtained in all the cases.

Donor Operation

Standard right lobe technique was previously de-
scribed.'***** Before parenchymal transection, the right lobe
was mobilized and the sizeable (>5 mm) right inferior
hepatic vein was preserved with a caval cuff for reconstruc-
tion. After careful definition of biliary anatomy in the hepatic
hilum using intraoperative cholangiography, the ri ght hepatic
duct was transected 2 to 3 mm away from the bifurcation.
Minimal dissection of pericholedochal tissue was required at
this point to maintain blood supply around the hepatic duct,
and the hepatic duct was separated with fine scissors. Right-
sided liver has a higher incidence of vascular and biliary
variant. Overall, 39.6% of grafis had multiple bile ducts in
our right lobe LDLT series, which poses a further difficulty in
reconstruction.'®** The right portal vein and the right hepatic
artery were temporally clamped to clarify the parenchymal
transection line. An 8-mm Penrose drain was passed between
the right hepatic vein superiorly and the portal bifurcation
inferiorly to maintain the cutting plane during parenchymal
dissection. The end of remnant hepatic ducts were closed
with a continuous suture using 60 polydioxanone absorb-
able monofilament, and cholangiogram was performed to
ensure that there was no leakage or stricture.

Recipient Operation

Hilar dissection was carefully performed to preserve
adequate blood supply of the epicholedodochal arterial plexus
and the 2 distinct intramural arteries (3 and 9 o’clock arter-
ies),”*? and the bile duct was divided above the hilar
bifurcation. Biliary anastomosis was performed with 60
polydioxanone absorbable monofilament suture after comple-
tion of vascular anastomosis. The graft hepatic duct was
anastomosed to Roux-en-Y limb and/or bile duct. When bile
ducts in a graft were far apart, they were anastomosed
separately. In 8 grafts, the bile ducts were so far apart that
both duct-to-duct and Roux-en-Y reconstructions were indi-

© 2006 Lippincont Williams & Wilkins
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cated. If the blood supply of the recipient cystic duct was
sufficient and the recipient cystic duct was a better size
match, the recipient cystic duct was used for the posterior
duct reconstruction, Variations in technical preference re-
main, and modifications may be necessary to meet anatomic
variants. The anastomosis was started at the posterior wall
with interrupted or continuous suture, after which the anterior
anastomosis was completed. A 4-French polyethylene tube
was inserted for anastomotic decompression in some cases.

For internal stent in Roux-en-Y, 2 ¢cm of 18G silicon
vascular catheter was placed in the anastomosis. For external
stent in Roux-en-Y, the 4-French tube was inserted through
the jejunum and the tip was placed through the anastomosis.
The stent tube was removed 8 weeks after transplantation.”’

Biliary complications were diagnosed clinically and
radiologically. Biliary leakage was defined by bilirubin level
in the bilious ascites higher than the serum level, and stricture
was diagnosed by dilated intrahepatic bile ducts with ultra-
sonography, hepatobiliary scan with Tc-99m Sn-N-pyridoxyl-5-
methyltryptophan (*™Tc-PMT), and radiologic intervention in
all cases.”®

RESULTS

Overall Incidence of Biliary Complication
and Risk Factor

Of 321 right lobe LDLTs, 77 patients (24.0%) experi-
enced 87 biliary complications (leakage: n = 27, 8.4%; stenosis:
n = 60, 18.7%). There were no significant differences between
the patient with or without biliary complication (n = 77 versus
n = 244, respectively) in model for end-stage liver disease score
(18.3 = 9.3 versus 18.0 = 11.3); donor age (40.9 = 11.6 years
versus 42.5 £ 11.5 years); percentage of blood type incompat-
ibility (16.9% versus 12.3%); graft-to-recipient weight ratio
(1.11 = 0.24% versus 1.16 = 0.29%); cold ischemic time
(112 = 92 minutes versus 87 * 67 minutes); and warm
ischemic time (48 = 26 minutes versus 48 * 16 minutes).
However, the respective incidence of hepatic artery compli-
cations (28.6% versus 0.4%) and CMV infection (39.0%
versus 22.5%) was significantly higher in the patients with
biliary complications (P < 0.01) (Table 2). Blood type
incompatibility was not a significant risk factor in overall
right lobe LDLT series.

Overall incidence of biliary leakage and stricture were
12.4% and 8.3% in Roux-en-Y (n = 121), 4.7% and 26.6% in
duct-to-duct (n = 192), and 0% in combined Roux-en-Y and
duct-to-duct (n = 8), respectively. Duct-to-duct anastomosis
showed significantly lower incidence of leakage and a higher
incidence of stricture (P < 0.01). The onset of biliary leakage
and stricture were 19.0 = 7.7 days (range, 8-35 days;
median, 17.5 days) and 12.3 = 12.2 months (range, 2-36
months; median, 7.5 months) in Roux-en-Y, and 26.5 *+ 26.1
day (range, 2-90 days; median, 20 days) and 87 = 5.4
months (range, 2-35 months; median, 8 months) in duct-to-
duct (P = not significant), respectively.

© 2006 Lippincott Williams & Wilkins

TABLE 2. Potential Risk Factor for Biliary Complication in
321 Consequent Right Lobe Living Donor Liver
Transplantations

Biliary Complications

Yes (n = 77) No (n = 244) P
MELD score 183 + 9.3 180 ' 11.3 NS
Donor age (yr) 409 = 11.6 425+ 115 NS
Blood type 13 (16.9%) 30 (12.3%) NS
incompatibility (%)
GRWR (%) 1.11 = 0.24 1.16 £ 029 NS
Cold ischemic time 112 = 92 87 = 67 NS
{min)
Warm ischemic time 48 = 26 48 = 16 NS
(min)
Hepatic artery stenosis/ 22 (28.6%) 1(0.4%) <0.0]
thrombosis (%)
CMV infection (%) 30 (39.0%) 55 (22.5%) <0.01

GRWR indicates grafi-to-recipient weight ratio; CMV, cytomegalovirus; NS, not
significant.

Analysis of Biliary Complication According to
the Type of Anastomosis

A total of 121 patients received Roux-en-Y biliary
reconstruction (Table 3). There was no significant difference
in biliary complications among the number of bile ducts in
the graft and mode of anastomotic suture (P = not signifi-
cant). There was a high incidence of biliary complications in
the graft with 3 ducts. There was a trend toward a lower
incidence of leakage and a higher incidence of stricture in
continuous suture, but no significant difference was found
among the groups. The patients with external stent (n = 103)
showed lower incidence of biliary leakage compared with
those with internal stent (n = 5), but this observation did not
achieve statistical significance. The incidence of biliary stric-
ture in the patients with external stent was significantly lower
than in the patients without stent (n = 13) (P < 0.01).

TABLE 3. Biliary Complication in Roux-en-Y
Choledochojejunostomy (n = 121)

Leakage  Stricture
n (%) (%)

No. of graft bile ducts and anastomosis

1 duct/l anastomosis 66 7(10.6) 4(6.1)

2 ducts/2 anastomoses 64 7(10.9) 5(7.8)

3 ducts/1 anastomosis 1 1 (100) 1 (100)
Mode of anastomosis suture

Interrupted 68 10(14.7) 5(74)

Continuous 48 4(8.3) 5(10.4)

Posterior: continuous/anterior: 5 1 (20.0) 0(0.0)

interrupted

Stent use for biliary reconstruction

No stent 13 3(23.1) 3£23.1)

Internal stent 5 3 (60.0) 2 (40.0)

External stent 103 9(8.7) 5(4.9)*

*p < 0.01.
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TABLE 4. Biliary Complication in Duct-to-Duct
Choledochocholedochostomy (n = 192)

Leakage  Stricture
n (%) (%)
No. of graft bile ducts and anastomosis
I duct/] anastomosis 117 8 (6.8) 38 (32.4)
2 ducts/] anastomosis 32 0 (0.0) 5(15.6)
2 ducts/2 anastomoses 41 0 (0.0) 7(17.0)
3 ducts/1 anastomosis 1 1(100) 1 (100)
3 ducts/2 anastomoses 1 1(100) 0(0.0)
Mode of anastomosis suture
Interrupted 25 2(8.0) 9 (36.0)
Continuous 148 7(4.7) 37 (25.0)
Posterior: continuous/anterior: 19 1(5.3) 51(26.3)
interrupted
Stent type for biliary reconstruction (12)
No stent 6 1(16.7) 2.(33.3)
Cystic drainage 16 2(12.5) 6 (37.5)
Cystic stent 9 0 (0.0 2(222)
External stent 163 7(4.3) 41 (25.1)

Duct-to-duct biliary reconstruction was achieved in 192
cases (Table 4). If we focus on blood type incompatibility in
biliary complication with duct-to-duct reconstruction, leak-
age and stricture was observed in 11.5% and 38.5% of the
patients with blood type incompatibility; the incidence of
biliary complications was significantly higher in duct-to-duct
patients with blood+ type incompatibility (P < 0.01).

In 117 recipients (60.9%) of duct-to-duct anastomosis,
the common bile duct was used to perform the reconstruction
with a single right bile duct. In 11 of 117 patients with single
duct-to-duct anastomosis (9.4%) and 8 of 41 patients with 2
anastomoses for 2 ducts (19.5%), a small incision (1-2 mm)
in the anterior wall of the graft bile duct was made to
accommodate the size mismatch. In 5 patients with one
anastomosis for 2 ducts (15.6%), a ductoplasty was per-
formed to enable a single anastomosis to the recipient com-
mon bile duct. In 6 of 41 patients with 2 anastomoses for 2
ducts (14.6%), the recipient cystic duct was used to perform

Leakage (n=15)

T

Percutaneous drainage (n=10) RY diversion (n=5)

«  \

Healed Died
(n=2)

(n=8)

FIGURE 1. Summary of clinical out-
come after biliary complications in
Roux-en-Y choledochojejunostomy.
PTCD, percutaneous transhepatic
cholangiography and drainage.
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the posterior duct reconstruction for better size matching.
Two of them (33.3%) had biliary stricture at 2 and 6 months
after transplantation. In another case with 2 ducts, the ducts
were anastomosed to the recipient left and right hepatic ducts.
Totally, there was no significant difference in biliary compli-
cations among the number of bile ducts in the graft and mode
of anastomosis suture in duct-to-duct reconstruction. How-
ever, if the graft had 3 ducts, there was a high incidence of
biliary complication.

In 188 cases, the biliary stent tube was inserted for
anastomotic decompression in duct-to-duct anastomosis. For
cystic drainage (n = 16), the stent was inserted through the
remaining cystic duct and pushed downward into the recipi-
ent common bile duct. For cystic stent (n = 9), the tube was
inserted through the remaining cystic duct and was placed
through the anastomosis as a splint. For external stent (n =
163), the tube was placed through the anastomosis and was
pulled out through the common bile duct.’® There was no
significant difference in biliary complications according to
the type of biliary stent in duct-to-duct reconstruction. If we
compare the incidence of anastomotic complication in single
duct-to-duct reconstruction (n = 117), the incidence of bili-
ary leakage and stricture was 10.0% and 40% in interrupted
suture, 7.2% and 31.3% in continuous suture, 0% and 28.6%
in combined interrupted and continuous suture (P = not
significant), respectively. Also, the use of the stent tube did not
reduce biliary complications in single duct-to-duct anastomosis.

Clinical Outcome of Patients After Biliary
Complication in Roux-en-Y Hepaticojejunostomy
The clinical outcome of the patients with biliary com-
plications in Roux-en-Y reconstruction is summarized in
Figure 1. Two patients with bile leaks and one with biliary
stricture died of sepsis. Biliary leakage was first treated with
percutaneous drainage. When the amylase level of aspirated
fluid was high or the patient’s condition was critical, relapa-
rotomy was indicated. Because the anastomosis appeared to
be too fragile for revision, we put drains and carried out a
Roux-en-Y enterostomy to isolate/rest the biliary anastomosis
(Roux-en-Y diversion). Five patients received Roux-en-Y
diversion. The enterostomy was removed after the leak had
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been successfully treated. Two patients died of septic com-
plication after biliary leakage at 14 and 3 months after
transplantation.

Four of the 10 biliary strictures were secondary to
biliary leakage. Anastomotic stricture was initially managed
with percutaneous transhepatic cholangiodrainage (PTCD).
Five patients were successfully treated with balloon dilata-
tion. Five patients (50%) with complete anastomotic obstruc-
tion required surgical revision. One patient developed biliary
stricture after surgical revision and was treated with magnetic
compression anastomosis between the hepatic duct and Roux-
en-Y loop, as proposed by Yamanouchi et al.** One patient
with biliary stricture died of sepsis after several courses of
PTCD and balloon dilatation 11 months after transplantation.
One patient who underwent revision surgery for biliary stric-
ture died of recurrence of hepatocellular carcinoma 30
months after transplantation.

Clinical Outcome of Patients After Biliary
Complication in Duct-to-Duct
Choledochocholedochostomy

Figure 2 shows clinical outcome of the patients with
biliary complications in duct-to-duct reconstruction. In pa-
tients with biliary leakage, endoscopic retrograde nasobiliary
drainage (ENBD) was indicated as an initial treatment. Four
of the 10 patients with biliary leakage required conversion to
Roux-en-Y (n = 3) or reoperation with duct-to-duct recon-
struction (n = 1). One patient with a blood type incompatible
graft died of sepsis 11 months after transplantation. Five of
10 patients were successfully treated with ENBD.

Six of the 51 biliary strictures (15.7%) were secondary
to biliary leakage. Initially, anastomotic stricture was referred
for endoscopic retrograde cholangiography (ERC). Thirteen
of 51 patients (25.5%) could not receive endoscopic treat-
ment because of the difficulty in accessing the papilla of
Vater and the difficulty of passing a guidewire through the
tight anastomotic stricture. All of them required PTCD.
Consequently, 5 patients underwent revision surgery with
Roux-en-Y reconstruction to repair the stricture. Two patients
with tight anastomotic stricture were closely observed for a
week with PTCD for anastomotic decompression, and were
successfully treated with endoscopic retrograde biliary drain-
age (ERBD). Eight patients were treated with ERC balloon
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dilatation without placing inside stents. One patient died of
sepsis secondary to chronic cholangitis 5 months after trans-
plantation, The remaining 27 of 51 patients (52.9%) were
treated by placing inside stents endoscopically above the
sphincter of Oddi. One patient with a blood type incompatible
graft underwent conversion to Roux-en-Y after ERBD be-
cause of acute cholangitis and hemobilia. As shown in Figure
2, 9 of 51 patients (17.6%) with duct-to-duct anastomotic
stricture required surgical revision. The need for surgical
revision due to biliary stricture tended to be lower in the
duct-to-duct group compared with the Roux-en-Y group
(50.0%), but this did not reach statistical significance (P = 0.03).

DISCUSSION

Right-lobe LDLT can provide an adequate graft size to
compensate for the metabolic demands in most adult recipi-
ents, and the clinical outcome has improved in our series.”
Among the controversies in right lobe LDLT, techniques of
biliary reconstruction remain an open question. Right-sided
liver has a higher incidence of vascular and biliary variants,
this was explained by the relative consistency between the
left umbilical vein and the liver. Multiple biliary orifices are
encountered in 26.0 to 39.6% of the cases, which presents a
further difficulty in reconstruction in right lobe LDLT.,'®*~¢
For safe biliary reconstruction, precise evaluation of the
biliary anatomy is essential.

The method for preoperative or intraoperative biliary
duct evaluation remains a controversial topic for discussion.
We have performed preoperative biliary duct evaluation with
three-dimensional drip infusion cholangiographic computed
tomography (CT) or magnetic resonance (MR) cholangiog-
raphy in the evaluation of the potential donor. Although it
provides adequate anatomic information of the biliary sys-
tem, adaptation of these valuable methods for potential donor
candidates is not always possible because of the risk of
allergic reaction to contrast medium and the cost. In our
experience, intraoperative cholangiography is an adequate
and convenient way to evaluate the donor biliary tree.

The blood supply for biliary anastomosis is a major
concern in LDLT. The arterial blood supply of the biliary
system has been described by several investigators. A previ-
ous study using fine casts showed that 60% of the arterial

T~
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FIGURE 2. Summary of clinical out-
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supply for the bile duct comes from the caudal side through
periduodenal arteries, 38% from the cranial side and only 2%
from the hepatic artery itself. The 3 o’clock, 9 o’clock, and
retroportal arteries give rise to multiple arteriolar branches.
which form a free anastomosis within the wall of the bile
duct.*® In the absence of any attachments in transplanted liver
recipients, the blood supply to the graft bile duct is derived
solely from the hepatic artery. Histologic examination of
disrupted duct-to-duct reconstruction often shows the loss of
3 o’clock and 9 o’clock intramural arteries on the recipient
side (Fig. 3). Preservation of periductal microcirculation in
the recipient duct and excellent hepatic artery reconstruction
might be a key factor for successful duct-to-duct anastomosis.
Our current study confirmed that arterial complications,
CMV infection, and blood type incompatibility were signif-
icant and important etiologic variables in biliary complica-
tions.'**” We do not use prophylactic administration of
ganciclovir. However, the results of this study underline the
importance of prophylaxis. In our LDLT program, a blood
type incompatible graft was unavoidable in 12% of the
recipients.”’ Despite the application of preoperative plasma
exchange, splenectomy, and enhanced Immunosuppression,
the S-year survival rate in adult patients was less than 50%
and nearly 70% of the adult patients had biliary complica-
tions. We started the intrahepatic arterial Immunosuppression
protocol from December 2001 and the preconditioning regi-
men with anti-CD20 monoclonal antibody infusion from April
2004. Although it is still a tentative trial, these protocols have
dramatically improved the outcome, with a 1-year graft survival
rate of 85.7% and a biliary complication rate of 38.8%.%!
There is still no consensus among transplant surgeons
with regard to the type of biliary reconstruction in right lobe
LDLT. Recently, the use of duct-to-duct reconstruction has
been increasingly reported in LDLT.'*'*1632 wo have re-

FIGURE 3. Histologic examination of
the failed duct-to-duct choledocho-
choledochostomy often shows the
loss of the 3 and 9 o’clock arteries on
the recipient side. Preservation of peri-
ductal microcirculation on the recipi-
ent side is a key factor for successful
anastomosis. A, Normal common bile

b50 AL
duct with patent 3 and 9 o’clock in- . o R e
tramural arteries. B, Failed duct-to- . Yol tB 3
duct choledochocholedochostomy 3’0 flq(_:k‘ arery
with loss of 3 and 9 o’clock intramu- A. Normal bile duct

ral arteries.
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ported our initial experience of 51 cases of duct-to-duct
biliary reconstruction and concluded that it represents a
useful technique for right lobe LDLT."® In July 1999, duct-
to-duct reconstruction became the first choice for biliary
reconstruction in our institution. In the series reported here,
duct-to-duct technique had a lower incidence of biliary leak-
age. In cases of biliary leakage with duct-to-duct, peritoneal
contamination from intestinal contents was minimized. In
addition to the physiologic bilioenteric continuity and later
good access by endoscopy, duct-to-duct reconstruction has an
advantage over Roux-en-Y that the morbidity is reduced even
when early anastomotic leakage occurs.

Biliary stricture was encountered in 26.6% of the pa-
tients with duct-to-duct reconstruction in this series, which
was significantly higher than the Roux-en-Y group (4.7%).
Although strictures seemed to develop more frequently in the
duct-to-duct group, the requirement for surgical revision
tended to be lower in that group. Because of easy access and
imaging through endoscopy, 38 of 51 patients (74.5%) could
be treated with ERC. Once ERBD was initiated, 26 of 27
patients (96.3%) were successfully treated. Recently, Gondolesi
et al reported the largest Western experience with biliary com-
plications in right lobe LDLT, and demonstrated that duct-to-
duct reconstruction had higher incidence of stricture (31.7%)
and lower incidence of leakage (16.3%), while the opposite
was true following Roux-en-Y reconstruction (7.3% and
18.2%). Also, they recommended early and aggressive use of
mterventional treatment of biliary complications.> We agree
with this suggestion that early interventional treatment could
avoid further operative intervention. Endoscopic biliary in-
tervention is useful for most anastomotic strictures. Unless
the anastomotic site is completely necrotic, insertion of a
long-term short stent is very effective in securing bile drain-
age without increased risk of ascending cholangitis.'”

Anastomosis

Cystic duet

B. Failed

astomosis
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Biliary Complications in Right Lobe LDLT

Variations in technical preference remain and modifi-
cations may be necessary to take account of anatomic variants
in biliary reconstruction. Biliary complications seemed to
develop more frequently in graft with multiple bile duct;
however, this did not reach statistical significance in the
present series. Duct-to-duct reconstruction is safely applied
even in multiple bile duct reconstruction with plasty of the
graft bile duct or with combined duct-to-duct and Roux-en-Y
anastomosis. Contrary to an old concept, duct-to-duct recon-
struction has been successfully performed even with the
recipient cystic duct,”” although the incidence of stricture in
the cystic duct anastomosis was revealed to be high in our
series (33.3%), and not just in a few left lobe grafts.**

With regard to biliary morbidity according to the re-
construction method used, we did not find any conclusive
tendency to favor any mode or suture. The use of synthetic
monofilament suture material was reported to be feasible for
biliary reconstruction because of reduced tissue reaction by
synthetic materials, as well as bacterial adherence.*® The Paul
Brousse group recommended nonabsorbable suture rather
than absorbable material because the resorption of the latter
might induce local inflammation and subsequent stenosis.*®
Trends remain in the Roux-en-Y group toward lower inci-
dence of stricture in interrupted suture and lower incidence of
leakage in continuous suture in the present study. Our current
preference is the use of 6—0 or 7-0 nonabsorbable running
suture at the posterior wall and interrupted suture at the
anterior wall.

Stenting of the anastomosis is another topic for discus-
sion in LDLT. The rationale of stent is the maintenance of
biliary flow despite swelling of anastomosis and easy access
for control cholangiography in case of suspected leakage or
stricture.”” The external stent tends to reduce biliary compli-
cation in the Roux-en-Y reconstruction, which was consistent
with our previous series of 400 pediatric LDLTs.”” Although
our preliminary right lobe with duct-to-duct series demon-
strated that the external stent significantly reduced the inci-
dence of biliary stricture,'*'® overall incidence of biliary
stricture was considerably high (26.6%) in long-term follow-
up. Scatton et al reported that employment of a T tube
increased incidence of biliary complications and recom-
mended the performance of duct-to-duct without a T tube in
deceased liver transplantation.®® The most frequent compli-
cation was leakage after T tube removal. We do not experi-
ence leakage after removal of 4-Fr biliary tube in the present
series. To confirm this finding, while we formerly used a
small stent tube, we ceased to use it from July 2004 and are
monitoring the results.

CONCLUSION

Duct-to-duct biliary reconstruction in right lobe LDLT
appears to be a feasible option with better endoscopic access
for treating biliary stricture. Long-term observation may be
necessary to collect sufficient data for the establishment of
this treatment modality. It is hoped that increased experience
and continuing refinements of the technique will lead to
improved outcomes in right lobe LDLT.

© 2006 Lippincott Williams & Wilkins
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ORIGINAL ARTICLE

Acute Humoral Rejection and C4d
Immunostaining in ABO Blood Type-
Incompatible Liver Transplantation

Hironori Haga,'? Hiroto Egawa,’ Yasuhiro Fujimoto,” Mikiko Ueda,” Aya Miyagawa-Hayashino,
Takaki Sakurai,' Tomoko Okuno,' Itsuko Koyanagi,' Yasutsugu Takada,” and Toshiaki Manabe’
' Laboratory of Anatomic Pathology and 2Department of Transplantation and Immunology. Kyoto
University, Kyoto, Japan

Complement C4d deposition in graft capillaries has been reported to be associated with antibody-mediated rejection in kidney
and other solid organ transplantation. The correlation of C4d deposits and humoral rejection in liver transplants, however, is
not well understood. We investigated the C4d immunostaining pattern in 34 patients whose liver biopsy was taken within the
first 3 postoperative weeks for suspected acute rejection after ABO blood type-incompatible liver transplantation. The staining
pattern was classified as positive (portal stromal staining), indeterminate (endothelial staining only), and negative (no staining).
Positive C4d immunostaining was seen in 17 (50%) patients and was significantly associated with high (x84 or more)
postoperative antidonor A/B antibody (immunoglobulin M (IgM)) titers (88 vs. 35%, P = 0.002) and poorer overall survival rate
(41 vs. 88%, P = 0.007). Ten of 11 (91%) cases with histological acute humoral rejection (periportal edema and necrosis (PEN)
or portal hemorrhagic edema) were positive for C4d, all of which showed high postoperative antibody titers. The other
histologies associated with C4d positivity was purulent cholangitis (n = 4), coagulative hepatocyte necrosis (n = 1), acute
cellular rejection (n = 1), and hepatocanalicular cholestasis (n = 1). Full clinical recovery was observed in only 6 of 17 (35%)
C4d-positive patients, and tended to be associated with a lower rejection activity index (RAI). In conclusion, our study indicates
that C4d deposits in the portal stroma can be a halimark of acute humoral rejection in ABO-incompatible liver transplantation,
and allograft damage can be reversible in a minority of cases. Liver Transpl 12:457-464, 2006. o 2006 AASLD.
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incompatible grafts and the evaluation of humoral re-
See Editorial on Page 356 jection is necessary.

We previously reported that periportal edema and
necrosis (PEN) could be histological indications of the
early phase of severe humoral rejection.” In that report,
all grafts with PEN resulted in massive parenchymal or
biliary necrosis. Recent papers from other institutions,
however, reported that histologically proven humoral
rejection could be reversible.>® Biopsies also demon-
strated portal edema or hemorrhage, but no significant
necrosis or endothelialitis has been documented. Portal

In ABO blood type-incompatible liver transplantation,
acute humoral rejection triggered by antibodies against
donor-type isoagglutinins is the most serious form of
rejection and is often associated with graft loss. With
the introduction of effective antihumoral rejection ther-
apy such as the arterial/portal infusion of prostaglan-
din E1 and use of anti-CD20 monoclonal antibody, as
well as preoperative plasma exchange, ABO-incompat-
ible liver transplantation is becoming a choice to over-

come the paucity of liver allografts from deceased do- hemorrhagic edema without significant necroinflamma-
nors in Japan.'™* Acute humoral rejection, however, is tion may represent a milder degree of humoral rejection.®
still a major problem in patients with ABO blood type- To obtain the full histological spectrum of humoral

Abbreviations: lg, immunoglobulin; PEN, periportal edema and necrosis; RAI, rejection activity index.
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rejection of ABO blood type-incompatible liver trans-
plantation, we performed clinicopathological analysis
with complement C4d immunostaining, C4d is a mole-
cule that covalently binds to tissues after activation of
the complement system, and immunostaining has been
widely used to demonstrate humoral immunoreactivity
or antibody-mediated rejection in other solid organ
transplantations.” '® The aim of this study was to clar-
ify the clinicopathological features of acute humoral
rejection caused by antidonor ABO blood group anti-
gens using C4d immunostaining,

MATERIALS AND METHODS
Patient Selection

Between January 1999 and December 2004, 82 pa-
tients (35 children and 47 adults) received primary
ABO blood type-incompatible living donor liver trans-
plantation. Informed consent for ABO blood type-in-
compatible liver transplantation was obtained from
the recipient and donor, and the Ethical Committee of
the Medical School of Kyoto University approved the
surgery and treatment procedures. Among them, 35
patients (13 children and 21 adults) underwent liver
biopsy within the first 3 postoperative weeks. One
adult patient was excluded from this study because
the paraffin-embedded tissue was not available. The
other 34 patients were enrolled in this study. As of
April 2005, the clinical follow-up period for these
patients ranged from 0.4 to 74 months (median, 16
months).

Antirejection Regimen and Clinical
Monitoring

Baseline antihumoral rejection therapies included in-
travenous steroids and oral tacrolimus. Most adult pa-
Uents underwent continuous prostaglandin E1 infu-
sion via an intra-arterial or intravenous catheter for 2 to
3 weeks posttransplantation.!-1?

Splenectomy was performed for adult patients whose
transplantation was performed between May 1999 and
January 2003. To avoid splenectomy-related portal
vein thrombosis, the administration of preoperative rit-
uximab (anti-CD 20 monoclonal antibody) without
splenectomy was introduced after April 2004.'? In ad-
dition, 2 adult patients were given postoperative ritux-
imab as a therapy for humoral rejection.

Patients underwent preoperative plasmapheresis or
blood exchange in order to reduce antidonor blood
group A/B antibody (immunoglobulin M (IgM) and 1gG)
titers to X8 or lower. A microhemagglutination assay
was used to monitor the serum levels of antidonor ABO
blood group antibodies at least 3 times per week during
the first postoperative month. Patients were assigned to
high-titer groups if the peak of the postoperative anti-
donor blood group IgM titers was x64 or more, and to
the low-titer group if it was less.® In this study. there
were 21 patients with a high titer and 13 with a low
titer. Postoperative plasmapheresis was performed
when severe humoral rejection was suggested clinically

or histologically. Elevation of postoperative antidonor
antibody titer not associated with liver dysfunction was
treated by steroid bolus therapy or was managed with
watchful observation alone.

Hepatic necrosis was diagnosed by enhanced com-
puted tomography. The findings were diffusely spread-
ing low-density lesions in the graft. Intrahepatic biliary
complications were diagnosed by cholangiography,
showing irregularity and beading throughout the intra-
hepatic biliary tree.

Pretransplant T-cell cross-match tests were per-
formed as previously described.'? The test was inter-
preted as positive when 41% or more of donor Iympho-
cytes were killed, weakly positive when 21 to 40% of
donor lymphocytes were killed, and negative when no
more than 20% of donor lymphocytes were killed.
Cross-match tests were negative in 33 of 34 patients.
One patient was interpreted as weakly positive.

Histological Diagnosis

Pathological diagnosis was made on a routine basis by
3 pathologists (H.H., T.S., and A.M.), with no informa-
tion about immunostaining of immunoglobulins or
complements, including C4d. The minimal quantitative
requirement for the diagnosis of rejection was a biopsy
containing at least 5 portal areas. Acute cellular rejec-
tion was diagnosed using Banff criteria.’® Histological
acute humoral rejection was suspected when PEN or
portal hemorrhagic edema was associated with the el-
evation of antidonor A/B antibody titers.®® In each
case of acute cellular rejection and acute humoral re-
jection, portal inflammation, bile duct damage, and
venular endothelialitis were evaluated separately with
the rejection activity index (RAI) of Banff criteria.'® To
apply the RAI to humoral rejection, we regarded any
leukocyte infiltration as portal inflammation and gave a
score of 3 on periportal coagulative necrosis as part of
portal inflammation.

C4d Immunostaining and Control Materials

Eighteen-gauge liver core tissue biopsies were placed in
10% buffered formalin from several hours to overnight,
processed routinely, and sliced into 3-pm paraffin sec-
tions. Staining methods for routine histological evalu-
ation included hematoxylin and eosin, Masson
trichrome, and immunostaining of cytokeratin 7
(OV-TL 12/30, Dako, Glostrup, Denmark; dilution,
1:200). The polyclonal antibody against C4d comple-
ment (BI-RC4D, Biomedica, Vienna, Austria; 1:50) was
used for immunostaining with an automated immunos-
tainer (BENCHMARK XT, Ventana, Tucson, AZ). For
antigen retrieval, deparaffinized and rehydrated sec-
tions were treated with protease I (Ventana; 0.5 units/
mL) at 37°C for 20 minutes.

We used lymphoid tissue with follicular hyperplasia
as a positive control for C4d staining.'* The reticular
staining pattern in the germinal centers was confirmed
in every C4d immunostaining. Ten wedge biopsies of
the liver allografts taken during graft resection (time 0
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biopsy) were used as negative controls. For comparison
of ABO blood type-incompatible and non-ABO blood
type-incompatible cases, 10 needle biopsies with typi-
cal acute cellular rejection from ABO-identical trans-
plants were assessed for C4d immunostaining.

Evaluation of C4d Immunostaining

Three pathologists (H.H., T.S., and A.M.) independently
evaluated the C4d immunostaining slides of the initial
biopsies. The identification numbers were removed from
the slides and the pathologists were not given any clinical
information. C4d staining was semiquantitatively evalu-
ated in terms of the percentage of portal tracts containing
distinctly stained stroma and/or endothelium. Biopsies
containing 50% or more stromal-positive portal tracts
were evaluated as positive. Specimens with less than 50%
stromal-positive portal tracts or positive staining only in
the vascular endothelium or sinusoids were classified as
indeterminate. Completely negative staining was evalu-
ated as negative. Extraportal endothelial staining was re-
corded but not graded. Any staining in the liver capsule or
extraliver tissue was omitted to evaluate.

A couple of discordant cases were classified as inde-
terminate, and we did not perform additional C4d im-
munostaining because of the small size of the speci-
mens. Immunostaining of the follow-up biopsies of
C4d-positive cases (n = 21) and the second biopsies of
C4d-negative cases (n = 17) was evaluated with clinical
data and previous biopsies.

Statistical Analysis

Statistical significance of differences among the groups
was assessed by Fisher's exact test. Laboratory data
were analyzed using Mann-Whitney's U test. Patient
survival was determined by Kaplan-Meier analysis, and
differences in survival were analyzed with a log-rank
test. For all analyses, P values of less than 0.05 were
taken as significant.

RESULTS
C4d Immunostaining and Clinical Outcomes

Five of 10 time O allograft biopsies obtained at liver trans-
plantation showed focal endothelial or stromal C4d stain-
ing. These positive stainings did not exceed 10% of the
number of the portal tracts and were classified as inde-
terminate. The other 5 time 0 biopsies were negative for
C4d. In ABO blood type-identical specimens with a diag-
nosis of acute rejection, 1 specimen showed strong and
diffuse portal stromal staining (positive), 6 showed focal or
diffuse endothelial staining (indeterminate), and 3 nega-
tive. Distinct C4d staining was seen in the perivenular
areas in the C4d-positive case.

Among 34 initial biopsies from ABO blood type-in-
compatible transplants, 17 cases (50%) were positive
for C4d in the portal stroma, 8 (24%) were indetermi-
nate, and 9 (26%) were negative. Representative stain-
ing patterns are shown in Figure 1. Preoperative clinical
features were not significantly different between the
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(A) C4d-positive staining. C4d deposited in the

Figure 1.
periportal area. Surrounding parenchyma showed coagulative
necrosis (original magnification, x200). (B) Indeterminate en-
dothelial staining in the small artery and capillaries (x400).

groups (Table 1). However, high-postoperative antido-
nor antibody titer (x64 or more) was more frequently
seen in C4d-positive patients than in C4d-indetermi-
nate and -negative ones (Table 1). When the C4d-inde-
terminate group was regarded as negative for C4d, C4d
positivity was significantly associated with high titers
(88 vs. 35%; P = 0.002). Hepatic necrosis demonstrated
by computed tomography was seen only in the C4d-
positive patients (24 vs. 0%; P = 0.052). Patients who
underwent postoperative plasma exchange were statis-
tically more frequently seen in C4d-positive patients
than in C4d-indeterminate and -negative patients (53
vs, 6%; P = 0.003). The timing of postoperative plasma
exchange was clinical humoral rejection, which oc-
curred within 14 postoperative days. One to 6 (median,
3.5) courses of plasma exchange were performed, and 4
of 10 (40%) grafts recovered.

Overall, patient survival was significantly worse for
C4d-positive than for C4d-indeterminate and -negative
patients (41 vs. 88%; P = 0.007; Fig. 2A). The high-titer
group (n = 21) also showed poorer overall survival than
the low-titer group (n = 13), which was not significant
in this study (56 vs. 83%; P = 0.072; Fig. 2B).

C4d Immunostaining and Histology

Findings of initial biopsies are summarized in Table 2.
In C4d-positive patients, the most common histology at
initial biopsy was PEN/portal hemorrhagic edema. Ten
of 11 cases (91%) with PEN/portal hemorrhagic edema
showed C4d stromal deposition. The median postoper-
ative day of C4d-positive PEN cases was day 7 (Table 3).

The other histology in C4d-positive cases included
purulent cholangitis (n = 4; median posttransplant day
18), coagulative hepatocyte necrosis (n = 1; posttrans-
plant day 17; clinically hepatic artery thrombosis),
moderate acute cellular rejection (n = 1; posttransplant
day 15). and hepatocanalicular cholestasis (n = 1; post-
transplant day 13).

In C4d-indeterminate and -negative patients, the
most common histology was hepatocanalicular cho-
lestasis (n = 5; median posttransplant day 13), followed
by purulent cholangitis (n = 4; median posttransplant
day 18], mild lobular inflammation (n = 4: median post-
transplant day 16), mild to moderate acute cellular re-
jection (n = 3; median posttransplant day 12), and PEN
(n = 1; posttransplant day 10; RAI = 6).

LIVER TRANSPLANTATION.DOI 10.1002/1t. Published on behalf of the American Association for the Study of Liver Diseases
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C4d immunostaining

Female: Male
Age group
<3 yr
3-50 yr
=50 yr
Original diseases
Chronic liver diseases
Fulminant liver failure
Mean HLA-A, B. DR mismatches
Preoperative treatment
Splenectomy
Rituximab
Peak of postoperative antibody titer (IgM)
High-titer cases (x64 or more)
Median (range)
Mean postoperative day (range)
Radiological findings
Hepatic necrosis
I[ntrahepatic biliary complications
Postoperative plasma exchange

TABLE 1. C4d Immunostaining Pattern and Clinical Features
Indeterminate / negative (n = 17)
Positive (n = 17) Indeterminate (n = 8) Negative (n = 9)
13:4 (76%: 24%) 6:2 (75%: 25%) 6:3 (67%: 33%)
3 (18%) 3 (38%) 4 (44%)
10 (60%) 1 (13%) 2 (22%)
4 (24%) 4 (50%) 3 (33%)
17 (100%) 6 (75%) 7 (78%)
0 (0%) 2 (25%) 2 (22%)
2.9 2.8 2.8
4 (24%) 2 (25%) 3 (33%)
6 (35%)* 2 (25%) 1(11%)
15 (88%) 3 (38%) 3 (80%)
X256 (x8-x8,192) x12 (x1-x512) x8 (x2-x1,024)
7 (4-13) 6 (1-10) 5(1-18)
4 (24%) 0 (0%) 0 (0%)
1 (6%) 0 (0%) 2 (22%)
9 (53%) 0 (0%) 1 (11%)
41% 100% 78%

Overall patient survival

*Used postoperatively in 2 cases,

PEN/portal hemorrhagic edema was statistically
more frequently observed in C4d-positive patients than
in non-C4d-positive patients (59 vs. 6%: P = 0.0012).
Levels of serum transaminases tended to be higher in
C4d-positive patients but did not reach statistical sig-
nificance. Total bilirubin level was significantly higher
in C4d-positive patients (P = 0,009).

PEN/Portal Hemorrhagic Edema Cases

Among 11 PEN/portal hemorrhagic edema cases, the his-
tology of 5 patients (cases 3, 5, 12, 15, and 1 C4d-negative
case) was PEN (Table 3). PEN included portal hemorrhage,
mild to moderate portal neutrophilic infiltration, perive-
nular endothelialitis without significant perivenular ne-
crosis, and focal periportal necrosis (Fig. 3A). The portal
stroma adjacent to the parenchyma and peribiliary
stroma were positive for C4d (Fig. 3B). The terminal he-
patic venules showed occasional faint positivity, but the
sinusoids in zones 2 and 3 were negative for C4d. Cholan-
gitis with mild to moderate neutrophilic infiltration was
seen in all cases, but ductopenia or duct atrophy was not
observed with CK7 immunostaining. The RAI score of
PEN cases was 6 or 7, and all patients with PEN resulted
in graft failure or severe graft damage.

The other 6 patients showed portal hemorrhagic
edema (cases 8, 11, 13, 14, 16, and 17). Cellular infil-
tration was mild (Fig. 3C), but all revealed a C4d stain-
ing pattern identical to that of PEN (Fig. 3D). Some
cases had perivenular C4d deposition, but perivenular
inflammation was none or minimal. The RAI of portal
hemorrhagic edema was 4 or less (Table 3). Only 1
patient resulted in graft failure (case 14; RAI = 2),

Follow-up Biopsies

Among 17 C4d-positive patients, 5 patients (3 with PEN, 1
with periportal hemorrhagic edema, and 1 with cholangi-
tis) resulted in rapid graft failure and follow-up biopsies
were not available (cases 1, 3, 12, 14, and 15; Fig. 4),

In the other 12 C4d-positive patients, at least 1 fol-
low-up biopsy was available at various times. Five pa-
lients (cases 2, 4, 10, 13, and 16) were negative for C4d
at the last follow-up biopsy (range, 34-792 posttrans-
plant days). The other 7 showed positive C4d immuno-
staining in the last follow-up biopsy (range, 52-508
posttransplant days). Six patients (case 4 with acute
cellular rejection and cases 8, 11, 13, 16, and 17 with
portal hemorrhagic edema) were clinically free of symp-
toms and achieved normalization of the levels of serum
transaminases and bilirubin as of April 2005. Among
them. 3 (cases 8, 11, and 17) were positive for C4d at
the last biopsy (posttransplant days 77, 336, and 209,
respectively).

Any second biopsy from patients whose initial biop-
sies were indeterminate or negative for C4d did not
reveal C4d positivity in the portal stroma (median post-
transplant day 31; range, 19 - 603).

Cases with Stromal C4d Immunostaining
without Elevation of the Antidonor Antibody
(IgM) Titers

Cases 6 and 9 showed C4d stromal positivity, but their
postoperative titer of antidonor IgM antibody remained

low. In case 6, the peak antidonor IgM titer was X 16,
but the antidonor IgG titer was elevated up to X256 and
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Figure 2. Survival curve in relation to (A) C4d immunostain-
ing and (B) postoperative peak titers of antidonor A/B anti-
bodies. Indeterminate C4d staining was regarded as negative.

lasted for 4 days. Every biopsy of case 6 showed puru-
lent cholangitis, and subsequent computed tomogra-
phy revealed hepatic necrosis. The patient died of
chronic cholangitis.

Case 9 was a patient with multivisceral transplanta-
tion from 2 different donors; the liver transplantation
was ABO blood type incompatible (AB to B), while the
small intestine graft was ABO blood type compatible
(blood type O). The postoperative peak antidonor IgM
titer was low (x8) and the antidonor 1gG was not de-
tected. However, preoperative cross-match tests were
interpreted as weakly positive against both donors.
Liver biopsies revealed purulent cholangitis with
ductular cholestasis, which was attributed to sepsis
(Fig. 5A). C4d staining was positive (Fig. 5B). The ABO
blood type-compatible small intestine graft showed se-
vere acute rejection with microthrombi, and C4d depos-
its were observed in the endothelium (Fig. 5C and D).
The patient died on posttransplant day 58. Necropsy
revealed severe mucosal hemorrhage in the small intes-
tine and monoclonal posttransplant lymphoprolifera-
tive disorder. Preoperative blood exchange and induc-
tion therapy with basiliximab were used for this

patient, but no postoperative cross-match test was per-
formed.

DISCUSSION

In ABO blood type-incompatible liver transplantation,
preoperative plasma exchange was performed to lower
the titers of antidonor blood group A/B antigen anti-
bodies. The onset of acute humoral rejection is thus
suspected when liver dysfunction occurs along with the
elevation of titers of those antibodies. Liver biopsies
soon after titer elevation usually demonstrated charac-
teristic features such as portal edema, hemorrhage,
and periportal necrosis. In some cases, however, eleva-
tion of the antidonor antibody titers was not associated
with graft dysfunction, or late graft dysfunction oc-
curred even when patients did not show significant titer
elevation. In such cases, histological demonstration of
deposition of immunoglobulin or complements in the
allografts is important to demonstrate humoral reactiv-
ity and to decide patients’ treatment.'?-'*'® Immuno-
staining of IgM or other complements such as C3c.
however, was technically difficult in paraffin-embedded
formalin-fixed liver tissue, and we were unable to make
reproducible results.*® Moreover, severe tissue damage
other than humoral rejection can cause immunoglobu-
lin and complement deposition.'?!7 Interpretation of
the staining results can be difficult if you do not rou-
tinely perform immunofluorescent study of the allograft
liver. On the other hand, C4d immunoperoxidase stain-
ing was relatively easy to perform, and the results were
reliable since positive and negative controls were
readily available.

Still, there have been few data about the significance
of antibody-mediated rejection in clinical liver trans-
plantation, and the criteria of histological diagnosis and
therapeutic options remain unclear. Recently, a couple
of studies demonstrated C4d deposition in liver allo-
grafts with acute rejection using paraffin-embedded
sections, although the presence of alloreactive antibod-
ies was not clearly stated.’®1? Instead, they suggested
that the local B-cell response might be specifically in-
volved in C4d deposition in human liver allograft rejec-
tion. In their reports, C4d deposited in the pericapillary
or periportal areas of the portal tracts, and the staining
patterns were nearly identical to those of our cases.
These staining patterns denoted that periportal areas
may be the main targets of both humoral and acute
cellular rejection, and that lobular deposition of immu-
noglobulin and complement may be a secondary
change. In ABO blood type-incompatible transplanta-
tion, the findings may be compatible with the observa-
tion that capillaries in the portal tracts are the primary
sites of ABH blood type antigen expression in the liver
allografts.?® The staining pattern may also support that
periportal necrosis seen in experimental and clinical
rejection can be a diagnostic histological feature of hu-
moral rejection. 2’

On the other hand, the significance of C4d staining
only in the endothelium was not clear in this study.
Since the endothelial staining pattern was reproduc-
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TABLE 2. C4d Immunostaining and Initial Biopsy Within the First 3 Postoperative Weeks

C4dd immunostaining Positive (n = 17) Negative / indeterminate (n = 17) Pvalue
Mean postoperative day (range) 8 (5-19) 13 (5-20) 0.052
Histology
PEN / portal hemorrhagic edema 10 (59%) 1 (6%) 0.0012
Cholangitis 4 (24%) 4 (24%) n.s.
Cholestasis, hepatocanalicular 1 (6%) 5 (29%) n.s.
Acute cellular rejection 1 (6%) 3 (18%) n.s.
Coagulative hepatocyte necrosis 1 (69%) 0 (0%) n.s.
Mild lobular inflammation 0 (0%) 4 (24%) His.
Laboratory data at biopsy (median
= 8.D]
AST (IU/L) 222 * 305 101 = 51 0.32
ALT (IU/L) 357 = 388 179 % 151 0.19
Total bilirubin (mg/dL) 11.8 £ 9.7 Becx BB 0.009

Abbreviation: n.s., not significant.

TABLE 3. C4d-Positive Patients

Case Age/gender ABO (R/D) Titer peak Initial biopsy (POD) Follow-up biopsy* and C4d status (POD)
1 46/F A/AB x8192 Cholangitis (17) Not available

2 48/M O/A x128 Cholestasis (13) Cholangitis, C4d (-) (34)

3 32/F O/AB x512 PEN, RAI = 6 (7) Not available

4 1/F B/A X256 ACR, RAI = 6 (15) No remarkable change, C4d (-} (792)

5 3/F O/B x2,048 PEN, RAI = 7 (8) Cholangitis, C4d (+) (508)

6 55/F o/B x16 Cholangitis (16) Cholangitis, C4d (+) (230)

i 4 11mo/M B/AB x128 Coagulative necrosis (17) No remarkable change, C4d (+) (387)

8 13/M B/A x128 PHE, RAI = 2 (5) No remarkable change, C4d (+) (209)

9t 1/F B/A x8 Cholangitis (19) Cholangitis, C4d (+) (52)

10 56/F B/A %512 Cholangitis (6) Cholangitis, C4d (-) (129)

o1 | 41/F A/B x2.048 PHE. RAI — 1 (6) Recurrent PBC or ACR, RAI — 6, C4d (4) (336)
12 50/M O/A x2,048 PEN, RAI = 7 (8) Not available

18 33/F A/AB x256 PHE, RAI = 4 (7) No remarkable change, C4d (-) (421)

14 29/F O/B x2,048 PHE, RAI = 2 (6) Not available

15 16/F O/A x256 PEN, RAI = 6 (13) Not available

16 56/F A/AB x1.024 PHE, RAI = 2 (6) ACR, RAI = 5, C4d (-) (80)

17 39/F O/AB x256 PHE, RAI - 4 () Cholangitis, C4d (+) (77)

l:Mu]tiviscera] transplantation case (liver and small intestine).

Abbreviations: ACR, acute cellular rejection; PBC, primary biliary cirrhosis; PEN, periportal edema and necrosis: PHE, portal
hemorrhagic edema: POD, postoperative day; RAIL rejection activity index (the Banff schema).
*In cases where multiple follow-up biopsies were available, the last follow-up histology is shown.

ible, and was common in acute cellular rejection of ABO
blood type-identical cases, we speculated that it repre-
sented mild humoral reaction of the grafts. Neither pa-
tient survival nor severe liver damage, however, was
associated with the endothelial staining pattern.

We were able to demonstrate in this study that C4d
deposition in the portal stroma was correlated with
poor patient survival and characteristic histology, as
well as with postoperative titers of ABO blood type al-
loantibodies. Conversely, PEN/portal hemorrhagic
edema showed a high percentage of C4d positivity and
was probed as a useful histological feature in establish-
ing the diagnosis of acute humoral rejection. The his-
tology of PEN/portal hemorrhagic edema was transient,
and there was a spontaneous decrease of ABO blood

type alloantibody titers in the first postoperative month,
but some follow-up biopsies more than a year after
transplantation remained positive for C4d. This sug-
gests that nonspecific histology such as cholangitis or
coagulative necrosis can be regarded as a result of hu-
moral rejection when C4d was detected in the allo-
grafts. For example, case 7, an 11-month-old boy, was
the youngest patient with humoral rejection in this
study, while hepatic artery thrombosis was a clinical
cause of hepatocyte necrosis,

C4d staining was also correlated with radiological
findings. It is known that there are 2 major complica-
Uons associated with ABO blood type-incompatible
liver transplantation.*"® One is massive hepatocyte ne-
crosis occurring within the first 2 weeks, which is re-
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Figure 3. (A) Typical PEN (RAI = 7) and (B) C4d staining
mainly in the areas of periportal edema. (C) Portal hemor-
rhagic edema (RAI = 2) and (D) C4d staining.
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Figure 4. Histology changes in patients with C4d positivity.
The histology of each case is marked on a horizontal line, the
length of which denotes the follow-up period. Final patient
status and postoperative day of the last follow-up are shown in
parentheses. Number represents the RAI Closed diamond ( ¢),
PEN/portal hemorrhagic edema; closed triangle (A/¥), cholan-
gitis/cholestasis with C4d staining; open triangle (2}, cholan-
gitis without C4d staining; closed circle (®), coagulative pa-
renchymal necrosis with C4d staining; closed square (H),
acute cellular rejection with C4d; open square (L), acute cel-
lular rejection without C4d; closed star (), no remarkable
finding with C4d; open star (), no remarkable finding without
Cad.

fractory to postoperative therapy and fatal. The other is
intrahepatic biliary complication that is not often asso-
ciated with early liver graft dysfunction, but becomes
evident several months after liver transplantation. In
this study, hepatocyte necrosis found by computed to-
mography was associated with only C4d positivity and
3 of 4 patients revealed PEN, while no hepatocyte ne-
crosis was found in C4d-indeterminate and -negative
patients. This suggests that hepatocyte necrosis is a
result of severe humoral rejection. Intrahepatic biliary
complications, on the other hand, occurred in both
C4d-positive and -negative patients. Since the focus of
this study was concentrated on the patients showing

Figure 5. Multivisceral transplantation case without signifi-
cant elevation of ABO alloantibodies (case 9). (A) Cholangitis
with ductular cholestasis and mild portal fibrosis (xX200;
postoperative day 19). Clinically no biliary complications
were noted and the original diagnosis was septic cholangitis.
(B) C4d immunostaining revealed periportal staining (*x200).
(C) Small intestine allograft showing crypt apoptosis and a
thrombus (arrow) (day 33; xX200). (D) The capillaries in the
intestinal graft mucosa were positive for C4d (<400).

early graft dysfunction and receiving biopsy within the
first 3 postoperative weeks, we think that a study based
on protocol biopsy is necessary to elucidate late-onset
biliary complications associated with ABO blood type-
incompatible transplantation.

Once humoral rejection was defined by both mor-
phology and C4d deposition, the RAI of the Banff
schema with minor modification reliably predicted the
outcome of humoral rejection. PEN corresponded to
acute humoral rejection with a RAI of 6 or 7 and was
associated with graft failure. On the other hand, portal
hemorrhagic edema had minimal inflammatory cell in-
filtrate and an RAI score of 4 or less, and was related to
better prognosis and complete recovery in some cases.
The results suggested that the Banff schema could be
useful for the evaluation of both acute cellular and
acute humoral rejection. It must be kept in mind, how-
ever, that the prognosis of acute humoral rejection was
much poorer than acute cellular rejection, and that
even acute humoral rejection with low RAI required
treatment, including repeated plasma exchange, lo res-
cue the patients.

C4d stromal deposition in the liver allograft was dem-
onstrated without elevation of the ABO blood type al-
loantibody titer in case 9. Since this patient showed a
weakly positive T-cell cytotoxic cross-match and severe
rejection in the ABO blood type-compatible small intes-
tine graft, this humoral response might be mediated by
lymphocytotoxic antibodies.*?*®

We conclude from this study that the immunohisto-
chemical detection of C4d has both diagnostic and
prognostic value and could be a hallmark of antibody-
mediated rejection in liver biopsy. In combination with
conventional histological criteria, the demonstration of
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