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Background: We summarize our experience in the pathological diagnosis of late complications of
liver transplantation (LT) to better understand the causes of late allograft dysfunction in a popula-
tion mostly composed of patients with hepatitis B virus (HBV) infection. Methods: We reviewed
361 post-transplant liver biopsies from 174 patients who underwent LT and first presented with
liver function abnormalities 3 months post-procedure. The underlying diseases included HBV-as-
sociated liver disease (77%), toxic or alcoholic liver disease (10.3%), hepatitis C virus (HCV)-as-
sociated liver disease (8.6%), primary biliary cirrhosis (1.2%), primary sclerosing cholangitis
(1.2%), and metabolic disease (1.7%). Results: The three most common late complications were
acute rejection (32.5%), recurrent disease (19.1%), and biliary complication (17.1%). Patients
who underwent LT for HBV infection or for drug- or alcohol-related liver disease had a lower inci-
dence of recurring disease than those who underwent transplantation for HCV infection. During
post-transplantation months 3-12, acute rejection was the most common cause of allograft dys-
function and recurring disease was the leading cause for allograft dysfunction (p=0.039). The
two primary causes of late allograft dysfunction have overlapping histological features, although
acute rejection more frequently showed bile duct damage and vascular endothelialitis than recur-
ring HBV infection, and recurring HBV infection had more frequent lobular activity and piecemeal
necrosis. Gonclusions: The causes of late liver allograft dysfunction are closely associated with
the original liver diseases and the period after LT. Careful attention is required for differential diag-
nosis between acute rejection and recurrent HBV.
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Liver transplantation (LT) is the standard of care for end-stage,
irreversible liver disease. Recently, early mortality and allograft
dysfunction rates after LT have fallen dramatically as a result of
the development of new surgical techniques, improved preop-
erative management, and more effective immunosuppressants,
thereby increasing the number of patients requiring long-term
follow-up."? Therefore, the need to understand the causes of late
allograft dysfunction is becoming increasingly more important.

In the initial years after the development of LT procedures,
ischemic and reperfusion injury, acute cellular rejection, and the
effects of surgical and postoperative complications were very
common.*" Recently, the causes of graft dysfunction are more
variable and overlapping clinical, serological, and histological
features make pathological diagnosis difficul.

A few studies that described the causes of late allograft dys-
function and their histological findings have focused mostly on
pediatric LT in Western populations, of which the etiological
background for LT differs from that of Asian populations. Here-
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in, we summarize our experience in the pathological diagnosis
of allograft liver biopsies from LT recipients with late complica-
tions to enhance the understanding of the causes and histologi-
cal findings of late allograft dysfunction.

MATERIALS AND METHODS

Data were obtained from our retrospectively maintained da-
tabase of orthotopic LT recipients at Asan Medical Center, Uni-
versity of Ulsan College of Medicine, Seoul, Korea. A total of
2,112 consecutive patients who underwent liver allograft trans-
plantation between January 1, 2000 and December 31, 2010,
were evaluated. The indications for LT were hepatitis B virus
(HBV)-associated liver disease (n=1,759), toxic or alcoholic
liver disease (n=215), hepatitis C virus (HCV)-associated liver
disease (n=84), autoimmune hepatitis (n="7), primary biliary
cirrhosis (PBC; n=18), primary sclerosing cholangitis (PSC,;
n=2), and metabolic disease (n=26). Our standard immuno-
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suppression regimen was either tacrolimus or cyclosporine with
steroids.

It allograft liver biopsies were performed more than 3 months
post-transplantation because of abnormalities in follow-up liver
function test results (elevated alanine aminotransferase and as-
partate aminotransferase levels, with or without elevated gam-
ma-glutamyl transferase levels), the case was defined as late al-
lograft dysfunction. Using an electronic database, we selected
174 recipients from the 2,112 LT recipients as the study popu-
lation. The indications for LT in these 174 patients were HBV-
associated liver disease (n=134), toxic or alcoholic liver disease
(n=18), HCV-associated liver disease (n=15), PBC (n=2), PSC
(n=2), and metabolic disease (n=3). The demographics of the
study population are summarized in Table 1.

The total number of liver biopsies was 361 and on average
each patient underwent 2 biopsies (range, 1 to 10). If multiple
biopsies performed in the same patient in a short period result-
ed in the same diagnosis, the biopsy results were considered to
represent the same episode of late allograft dysfunction and
counted as one event. If biopsies were performed over an ex-
tended duration of time, each biopsy was counted separately. A
total of 245 episodes of late allograft dysfunction were identi-
fied including: biopsies of HBV-associated liver disease (n=182),
HCV-associated liver disease (n=25), toxic or alcoholic liver
disease (n=29), PBC (n=3), PSC (n=2), and metabolic liver
disease (n=4).

The causes of late allograft dysfunction were determined by
reviewing histological, serological, and radiological findings at
the time of late allograft dysfunction and each patient’s clinical

Table 1. Demography of the study population

n (%)
Age (yn) 47.72+10.17
Sex Male 134 (77)
Female 40 (23)
Underlying HBV-associated liver disease 134 (77.0)
disease HCV-associated liver disease 15 (8.6)
Drug/alcohol associated liver disease 18(10.3)
PBC 2(1.2)
PSC 2(1.2)
Metabolic liver disease 3(1.7)
Interval between 16.61+18.98 mo
LT and biopsy Early-late period? 63 (36.2)

Mid-late period® 37 (21.3)
Late-late period® 74 (42.5)

HBV, hepatitis B virus; HCV, hepatitis C virus; PBC, primary biliary cirrhosis;
PSC, primary sclerosing cholangitis; LT, liver transplantation.

aMore than 3 months but not more than 6 months after LT; ®More than 6
months but not more than 12 months after LT; “More than 12 months after
LT.
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course after allograft liver biopsy. Transplant recipient data were
retrieved from electronic medical records. Data included each
patient sex, age at diagnosis of liver disease, treatment, clinical
course, and serological test results, including HBsAg, HBcAg,
HBV DNA, and HCV RNA. All patients underwent Doppler
ultrasound evaluation of the liver, biliary tree, and hepatic vas-
culature and some underwent computed tomography and en-
doscopic retrograde cholangiopancreatography. We recorded
any evidence of biliary tract dysfunction or blood flow abnot-
mality revealed by these ancillary tests. Biliary complication
was defined as a biliary obstruction or stricture proved radio-
logically or endoscopically. Supporting histologic evidences for
biliary complication included portal fibrosis, bile ductular pro-
liferation, neutrophilic or eosinophilic infiltration, as well as cen-
trilobular cholestasis to some degree. Biliary problems caused
by other events, such as acute or chronic rejection and recurrent
viral hepatitis were not included.

For the purpose of classification and discussion, we have arbi-
trarily classified liver allograft dysfunction into three time peri-
ods after LT: 1) early-late period (ELP) allograft dysfunction (>3
months but <6 months after LT); 2) mid-late period (MLP) al-
lograft dysfunction (> 6 months but <12 months after LT); and
3) late-late period (LLP) allograft dysfunction (> 12 months af-
ter LT).

Biopsy specimens of allograft livers were fixed in 10% phos-
phate-buffered formalin and stained with hematoxylin and eo-
sin using the Masson trichrome technique and for cytokeratin
19 (monoclonal mouse anti-human cytokeratin 19 antibody;
Dako North America Inc., Carpiteria, CA, USA). If necessary,
in situ hybridization study for detection of cytomegalovirus or
Epstein-Barr virus was performed. We decided the histologic
diagnosis based on variable histological findings including: 1)
the distribution, severity, and composition of portal inflamma-
tion; 2) the presence and type of interface hepatitis; 3) bile duct
inflammation, damage, and bile ductular proliferation; 4) bili-
ary epithelial senescence changes and small bile duct loss; 5)
perivenular mononuclear cell inflammation or hepatocyte drop-
out; 6) lobular findings, including necroinflammatory activities;
7) the pattern of fibrosis; and 8) cholestasis.

Additional comparisons of histological features were perform-
ed between the three primary causes of late allograft dysfunc-
tion: acute cellular rejection, recurrent HBV and biliary com-
plication. The compared histological features included duct
damage, lobular activity, endothelialitis, piecemeal necrosis, fi-
brosis, cholestasis, bile ductular proliferation, and composition
of inflammatory cells. Two pathologists blinded to patients’
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clinical histories reviewed all slides. After interpreting the his-
tological findings, conflicting findings were discussed with both
pathologists. If the pathologic finding was not conclusive or
discrepant with the clinical finding, final diagnosis was deter-
mined based on clinical findings and the diagnosis remained
indeterminate, when decision of final diagnosis was difficult in
spite of all effort. Groups were compared using Pearson’s x* and
student t-tests. The results were considered statistically signifi-
cant at p<0.05. All statistical analyses were performed using
SPSS ver. 12.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

Frequencies of post-transplantation hepatic dysfunction

At least one episode of allograft dysfunction was diagnosed in
819 (38.78%) of the 2,112 patients. Among them, 645 (78.75%)
had early allograft dysfunction and 174 (21.25%) had late al-
lograft dysfunction. The frequencies of overall allograft dysfunc-
tion were significantly different according to the underlying
liver disease (p<0.001). Recipients with HCV infections showed
allograft dysfunction most frequently (75%), whereas the recip-
ients who had alcohol- or drug-associated liver disease displayed
the lowest rates of allograft dysfunction (35.81%). However,
rates of late allograft dysfunction were not different between
groups and ranged from 15.31% to 23.52% in overall allograft
dysfunction (Fig. 1).

Causes of late allograft dysfunction
The three most common late complications were acute rejec-
tion (32.5%), recurrent disease (19.1%), and biliary complica-
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Fig. 1. Frequency of allograft dysfunction by underlying disease.
HBV, hepatitis B virus; HCV, hepatitis C virus; PBC, primary biliary
cirrhosis; PSC, primary sclerosing cholangitis.
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tion (17.1%). In 22 cases (8.9%), the histological changes were
minimal and nonspecific, with minimal portal or lobular in-
flammation. In these cases functional, radiological and serologi-
cal testing showed no abnormalities, thus the cause of late al-
lograft dysfunction could not be determined. In most of these
cases, the clinical course was good and patients recovered with-
out immunosuppressant or antiviral treatment, or radiological
intervention. In 22 cases (8.9%), combined causes contributed
to late allograft dysfunction, among which combined acute cel-
lular rejection and biliary complication were the most frequent
combinations (9/22, 40.9%) (Table 2).

In the recipients with HBV infections, acute cellular rejec-
tion was the most frequent cause of late allograft dysfunction
(53/182, 29.1%) and recurrent HBV hepatitis and bile duct
damage contributed equally to late allograft dysfunction (each,
34/182, 18.7%). In patients with HCV infections, recurrent
hepatitis was the major cause of late allograft dysfunction (10/25,
40%). In the cases of toxic or alcoholic liver disease, acute cellu-
lar rejection (14/29, 48.3%) contributed greatly to late allograft
dysfunction with a low frequency of recurrent disease (2/29,
6.9%). The intergroup differences were statistically significant
(p=0.048). Fig. 2 summarizes the causes of late allograft dys-
function according to patients’ underlying liver diseases.

Two of three patients with PSC demonstrated acute cellular
rejection, and one showed recurrent disease 4 years after LT. A
patient with PBC underwent retransplantation because of chron-
ic rejection 5 years and 3 months post-LT and presented with
acute cellular rejection 4 months after retransplantation. Acute
cellular rejection occurred in the two recipients with Wilson
disease and in one with glycogen storage disease. One recipient

Table 2. Causes of late allograft dysfunction

Causes n (%)
ACR 80 (32.5)
Recurred disease 47 (19.1)
BDO 41 (17.1)
Combined cause 22 (8.9
ACR+BDO 9 (40.9)
Recurred disease+ACR 7(31.8)
Other viral infection+ACR 2(9.1)
Recurred disease+BDO 2(9.1)
Ischemic injury+recurred disease 2(9.1)
Chronic rejection 13 (6.3)
Ischemic injury 9@.7)
Other viral infection 7(2.8)
Sepsis 3(1.2)
Toxic injury 1(0.4)
Indeterminate 22 (8.9
Total 245 (100)

ACR, acute cellular rejection; BDO, bile duct obstruction.
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Fig. 2. Causes of late allograft dysfunction according to underlying
liver diseases before liver transplantation. HBV, hepatitis B virus;
HCV, hepatitis C virus; BC, biliary complication; ACR, acute cellular
rejection.

with Wilson disease had biliary tract stricture.
Eight of 13 chronic rejection cases were preceded by acute
cellular rejection.

Causes of late allograft dysfunction by follow-up period in
patients with HBV infection

We analyzed the causes of late allograft dysfunction accord-
ing to the follow-up period, including ELP (n=48, 26.4%),
MLP (n=36, 19.8%), and LLP (n=98, 53.8%). There was a
significant difference in the causes of allograft dysfunction be-
tween groups (p=0.039).

In ELP and MLP, acute cellular rejection was the most com-
mon cause of allograft dysfunction (17/48, 35.4% and 14/36,
38.9%, respectively). In LLP, however, the frequency of acute
cellular rejection was significantly lower (22/98, 22.4%). In
LLP, recurrent disease was the most frequent cause of allograft
dysfunction (27/98, 27.6%). Biliary complication caused al-
lograft dysfunction more frequently in ELP (11/48, 22.9%)
than in MLP (6/36, 16.7%) or LLP (17/98, 17.3%) (Fig. 3).

Comparison of histological features of acute cellular
rejection, recurrent disease and biliary complication in
recipients with HBV infection

Several histological parameters were compared between acute
cellular rejection, recurrent HBV hepatitis and biliary compli-
cation occurring in the late post-transplantation period (>3 mon-
ths post-transplantation). Classical histological features of acute
cellular rejection, such as bile duct damage or vascular endothe-
lialitis were more frequently observed in acute cellular rejection
than in recurrent HBV-associated hepatitis or biliary complica-
tion (p<0.001 and p=0.001, respectively), but their incidence
rates were also comparatively higher in recurrent HBV-associat-
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Fig. 3. Causes of late allograft dysfunction by period after liver trans-
plantation. BC, biliary complication; ACR, acute cellular rejection;
ELP, early-late period; MLP, mid-late period; LLP, late-late period.
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Fig. 4. Histological comparison between late acute rejection and
recurrent hepatitis B virus (HBV)-associated hepatitis. ACR, acute
cellular rejection; PMN, piecemeal necrosis.

ed hepatitis (60% and 35.41%, respectively). The frequencies
of lobular activity were significantly lower in biliary complica-
tions with no differences between the two other groups (p=
0.022). Piecemeal necrosis was more commonly observed in re-
current HBV-associated hepatitis (p=0.011). Fibrosis, cholesta-
sis and bile ductular proliferation showed no statistical differ-
ences between groups, although fibrosis was quite frequent in
recurrent HBV-associated hepatitis and cholestasis was frequent
in biliary complication. The presence of neutrophils in the infil-
trating inflammatory cell population was significantly more
frequent in biliary complications (p<0.001). Fig. 4 summarizes
the histological comparison between late acute rejection (LAR),
recurrent HBV-associated hepatitis and biliary complications.
Fig. 5 shows the representative histological features of these
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Fig. 5. Representative features of major causes of late allograft dysfunction. (A) Acute cellular rejection: bile duct damage and vascular endo-
thelialitis. (B) Recurrent hepatitis B virus-associated hepatitis: lymphoplasma cells infiltration in portal tract with interface activity. Biliary com-
plication; neutrophilic infiltration in portal tract (C) and bile ductular proliferation (cytokeratin 19) (D).

three primary causes of late allograft dysfunction.
DISCUSSION

The spectrum of pathological findings encountered in liver
allografts is broad, encompassing immunological processes, vi-
ral infections, drugs, ischemia, and recurrent disease.” Particu-
larly in the late post-transplantation period, the causes of al-
lograft dysfunction are more variable and complicated, often
making diagnosis quite difficult.

The definition for “late” allograft dysfunction has not been
established. In previous studies, a period longer than 6 months
was frequently used to define late allograft dysfunction.’® The
first 2 to 3 months, in which acute cellular rejection is relatively
common, was sometimes considered the early allograft period,
and the period between 3 to 6 months was an intermediate al-
lograft period.®” We considered a period longer than 3 months

http://dx.doi.org/10.4132/KoreanJPathol.2013.47.1.21

post-LT as the late allograft period and used arbitrary classifica-
tions of late allograft dysfunction by follow-up period. Using
this classification, we found that the etiology of hepatic allograft
dysfunction dramatically changed 1 year post-LT. Acute cellular
rejection was the leading cause of allograft dysfunction in ELP
and MLP, but recurrent disease was the most common cause of
allograft dysfunction in LLP. Biliary complication decreased
slightly in frequency in LLP. Pappo e «/.® described the causes
of allograft dysfunction occurring more than 5 years after trans-
plantation, and they reported that viral infection and minimal
histological changes of unknown nature were the most frequent
findings, followed by rejection, recurrence of the original dis-
ease, and obstructive cholangiopathy. These findings demon-
strate that the causes of allograft dysfunction are dependent
upon the elapsed time after transplantation.

In the present study, 38.8% of the recipients underwent liver
biopsies because of allograft dysfunction all of which occurred

http://www.koreanjpathol.org
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within the first 3 months (78.75%). After 3 months, the rate of
allograft dysfunction declined (21.25%). Recurrence of the re-
cipient’s original liver disease was the most common cause of
late allograft dysfunction in previous reports.”” However, acute
cellular rejection was the leading cause of allograft dysfunction
until 1 year after LT in our study population, which was pre-
dominantly comprised of HBV-associated liver disease cases.
The rate of recurrence of HBV fell dramatically because of the
introduction of human HBV immunoglobulins and nucleoside
analogs.” Although some antiviral agents, such as ribavirin or
interferon, have been used as prophylactic therapy to prevent
HCYV infection in liver grafts, it is not clear whether these agents
are of any benefit to patients."*!! The response to antiviral ther-
apies may contribute to the causal difference in late allograft
dysfunction between the HBV and HCV.

Idiopathic post-transplantation hepatitis IPTH) in an al-
lograft liver is defined as the presence of a portal and lobular
mononuclear infiltrate in the absence of evidence of rejection
and other identifiable causes of graft damage.”'? In the present
study, 22 cases (8.9%) showing minimal portal or lobular in-
flammation with no functional, or radiological abnormalities
may be assumed to be IPTH. The prevalence of IPTH is diffi-
cult to determine, and its incidence rate ranges from <10% to
approximately 50% in different series.’ In a population com-
prising patients who underwent protocol biopsy, IPTH was fre-
quent, whereas IPTH was relatively rare when biopsies were
performed on the basis of abnormal liver function test resules. >
The prognosis for IPTH is not yet clear, however the degree of
fibrosis is aggravated in some cases and often progresses to cit-
thosis."'® Unfortunately, this study’s long-term follow-up bi-
opsies of IPTH cases were not available, although the short-term
clinical courses of these patients were relatively good.

The incidence of chronic rejection in the present study was
less than 1%, lower than that of a previous report (< 3-4%). The
declining incidence of chronic rejection may be due to improv-
ed management of acute rejection with immunosuppression and
the widespread use of liver biopsy procedures.'”

The definition of “LAR” is variable. Some define LAR as acute
rejection occurring later than 3 months post-LT, while others
consider acute rejection occurring later than 6 months.*”** In
the present study, an acute rejection occurring 3 months post-
LT was diagnosed as LAR in 81 biopsies from 76 (3.6%) of
2,112 recipients. In previous studies, the incidence rates of
LAR have been reported at 7-18%.>'*! Higher frequencies
may be related to stricter biopsy protocols and longer follow-up
periods. LAR is known to display a different pattern and nature
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of inflammatory infiltrates than early acute rejection, including
more frequent interface and lobular activity.® We compared the
histological features of LAR and recurrent HBV infection oc-
curring later than 3 months post-LT. The hallmarks of viral
hepatitis, including piecemeal necrosis and fibrosis, were less
frequently observed in LAR. Bile duct damage and perivenular
endothelialitis were more frequently found in LAR. However,
these findings were not infrequently observed in recurrent HBV
hepatitis. The frequency of lobular activity was similar, leading
to difficulty in differential diagnosis. Because of these overlap-
ping features, it is important to correlate biopsy findings with
liver function test results, serological tests for viruses, and a re-
view of previous biopsies to determine a differential diagnosis
between LAR and recurrent HBV liver disease.” As for biliary
complications, the presence of neutrophils was significant, un-
like acute rejection and recurrent HBV-associated hepatitis, but
the frequencies of the other histologic features of biliary com-
plications including cholestasis or bile ductular proliferation
showed no between-group differences.

In conclusion, the causes of late liver allograft dysfunction are
closely associated with the original liver disease and the period
after LT. Overlapping histological features of LAR and recur-
rent HBV hepatitis make definitive diagnosis more difficult
and require more careful attention.

Contflicts of Interest
No potential conflict of interest relevant to this article was
reported.

REFERENCES

1. Wiesner RH, Demetris AJ, Belle SH, et al. Acute hepatic allograft re-
jection: incidence, risk factors, and impact on outcome. Hepatology
1998; 28: 638-45.

2. Anand AC, Hubscher SG, Gunson BK, McMaster P, Neuberger JM.
Timing, significance, and prognosis of late acute liver allograft re-
jection. Transplantation 1995; 60: 1098-103.

3. Desai M, Neuberger J. Chronic liver allograft dysfunction. Trans-
plant Proc 2009; 41: 773-6.

4. Wyatt J1. Liver transplant pathology: messages for the non-special-
ist. Histopathology 2010; 57: 333-41.

5. Neuberger J. Chronic allograft dysfunction: diagnosis and manage-
ment. Is it always progressive? Liver Transpl 2005; 11 Suppl 2: 563-8.

6. Adeyi O, Fischer SE, Guindi M. Liver allograft pathology: approach
to interpretation of needle biopsies with clinicopathological correla-
tion. J Clin Pathol 2010; 63: 47-74.

http://dx.doi.org/10.4132/KoreanJPathol.2013.47.1.21



7. Wiesner RH, Menon KV. Late hepatic allograft dysfunction. Liver
Transpl 2001; 7(11 Suppl 1): S60-73.

8. Pappo O, Ramos H, Starzl TE, Fung JJ, Demetris AJ. Structural in-
tegrity and identification of causes of liver allograft dysfunction oc-
curring more than 5 years after transplantation. Am J Surg Pathol
1995; 19: 192-206.

9. Chen J, Yi L, Jia JD, Ma H, You H. Hepatitis B immunoglobulins
and/or lamivudine for preventing hepatitis B recurrence after liver
transplantation: a systematic review. ] Gastroenterol Hepatol 2010;
25:872-9.

10. Gurusamy KS, Tsochatzis E, Davidson BR, Burroughs AK. Antivi-
ral prophylactic intervention for chronic hepatitis C virus in patients
undergoing liver transplantation. Cochrane Database Syst Rev 2010;
8: CD006573.

11. Lucena JF, Herrero JI. Liver transplantation in patients with cirrho-
sis secondary to hepatitis B virus and hepatitis C virus infections.
An Sist Sanit Navar 2004; 27 Suppl 2: 91-101.

12. Miyagawa-Hayashino A, Haga H, Egawa H, Hayashino Y, Uemoto
S, Manabe T. Idiopathic post-transplantation hepatitis following
living donor liver transplantation, and significance of autoantibody
titre for outcome. Transpl Int 2009; 22: 303-12.

13. Ekong UD. The long-term liver graft and protocol biopsy: do we
want to look? What will we find? Curr Opin Organ Transplant 2011;
16: 505-8.

http://dx.doi.org/10.4132/KoreanJPathol.2013.47.1.21

Causes of Late Liver Allograft Dysfunction ¢ 27

14. Nakhleh RE, Krishna M, Keaveny AP, ef al. Review of 31 cases of
morphologic hepatitis in liver transplant patients not related to dis-
ease recurrence. Transplant Proc 2005; 37: 1240-2.

15. Evans HM, Kelly DA, McKiernan PJ, Hiibscher S. Progressive his-
tological damage in liver allografts following pediatric liver trans-
plantation. Hepatology 2006; 43: 1109-17.

16. Hubscher S. What does the long-term liver allograft look like for
the pediatric recipient? Liver Transpl 2009; 15 Suppl 2: S19-24.

17. Blakolmer K, Seaberg EC, Batts K, e al. Analysis of the reversibility
of chronic liver allograft rejection implications for a staging schema.
Am ] Surg Pathol 1999; 23: 1328-39.

18. Neuberger J. Incidence, timing, and risk factors for acute and chron-
ic rejection. Liver Transpl Surg 1999; 5(4 Suppl 1): S30-6.

19. Uemura T, Ikegami T, Sanchez EQ, et al. Late acute rejection after
liver transplantation impacts patient survival. Clin Transplant 2008;
22:316-23.

20. Neil DA, Hiibscher SG. Current views on rejection pathology in
liver transplantation. Transpl Int 2010; 23: 971-83.

21. Mor E, Gonwa TA, Husberg BS, Goldstein RM, Klintmalm GB. Late-
onset acute rejection in orthotopic liver transplantation: associated
risk factors and outcome. Transplantation 1992; 54: 821-4.

22. Demetris AJ, Jaffe R, Sheahan DG, ef al. Recurrent hepatitis B in liv-
er allograft recipients: differentiation between viral hepatitis B and
rejection. Am ] Pathol 1986; 125: 161-72.

http://www.koreanjpathol.org



