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Increased apoptosis of hepatocytes 
in vascular occlusion after orthotopic 
liver transplantation 

Abstract Early vascular occlusion 
is liable to cause graft failure, and 
differential diagnosis between this 
condition and primary nonfunction 
(PNF) caused by preservation injury 
may be difficult. Apoptosis has been 
detected in immunomediated cyto- 
toxicity and is known to be triggered 
by mild ischemia. In a retrospective 
analysis we investigated the role of 
apoptosis in vascular occlusion, 
PNF, and acute allograft rejection to 
improve the differential diagnosis of 
early graft failure. The liver graft 
histology of 75 patients (46 male, 
29 female) a median 47 (1-64) years 
of age was screened semiquantita- 
tively for the rate of apoptosis on the 
hematoxylin-eosin stain (HE) and 
by the in situ end nick labeling tech- 
nique (TUNEL). This cohort inclu- 
ded all patients who developed PNF 
(n = 9) or vascular occlusion 
(n = 11) after orthotopic liver trans- 
plantation (OLT) in the years 1992 

to 1996. Within this period of time 
we performed 205 OLTs on 189 pa- 
tients. We further included 22 pa- 
tients with early acute rejection and 
11 controls. The highest rates of 
apoptotic hepatocytes were seen in 
vascular occlusion ( P  < 0.001). 
Grafts with PNF were explanted 
1-3 days after OLT and showed he- 
patocytes that were 100 % necrotic. 
Cases of acute early rejection 
showed a significantly higher apop- 
totic cell count than did normal 
controls ( P  < 0.003), increasing in 
direct proportion to the severity of 
rejection. Screening biopsies for the 
rate of apoptosis can improve the 
efficacy and accuracy of differential 
diagnosis of early graft failure. 
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Introduction 
Primary nonfunction (PNF) refers to graft failure during 
the immediate postoperative period, excluding other 
causes of graft loss such as blood loss, vascular occlu- 
sion, sepsis and hyperacute rejection [26]. Without re- 
transplantation, patients die within 1 week [23]. PNF is 
caused by parenchymal damage due to disturbances of 
the microcirculation and thrombosis of the sinusoids, a 
phenomenon collectively known as preservation injury 
[41. 

Early graft loss is mainly due to PNF or vascular oc- 
clusion [26]. Major vessel thromboses may be a result 
of microvascular preservation injury [6] leading to low 
flow and hypercoagulability. Clinical presentation and 
laboratory tests in connection with vascular occlusion 
are variable and not specific [17, 271. Therefore, angio- 
graphy and, to a certain extent, ultrasound examinations 
are the diagnostic tools of first choice in vascular occlu- 
sion [l ,  8,13,15,20]. 

Different forms of cell death of hepatocytes caused 
either by necrosis or apoptosis have been investigated 
in the pathogenesis of many hepatobiliary diseases [21, 
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241. Apoptosis is encountered in immunomediated allo- 
graft rejections, can be triggered by mild ischemia, and 
was found in time-zero biopsies to be the best predictor 
of PNF [l, 2,9, 12,14,25,27,28]. 

We investigated apoptosis and necrosis of hepato- 
cytes in vascular occlusion, PNF, and acute allograft re- 
jection to improve the differential diagnosis of early 
graft loss and to find out whether these results are of 
prognostic value. 

Patients and methods 
Patients 

The liver graft histology of 75 patients (46 male, 29 female) a med- 
ian 47 (1-64) years of age was analyzed. All patients who under- 
went retransplantation for PNF (n = 9) or vascular occlusion 
(n = 10) or successful revascularization after hepatic artery throm- 
bosis (HAT) ( n  = 1) between 1992 and 1996 were included. Time- 
zero biopsies from donor livers and patients with normal graft 
function (n  = 11) plus 22 cases of acute early graft rejection were 
used as controls. 

All patients were treated with the same initial immunosuppres- 
sive regimen: 2.0 mg/kg body weight rabbit antihuman thymocyte 
immunoglobulin i. v., 8 mg/kg per day cyclosporine from day 8 on, 
and a tapering dose of dexamethasone were administered. 

In the case of explantation or revascularization, multiple biop- 
sies were taken from both lobes. Acute early rejection occurring 
within 3 months from grafting and requiring therapy was defined 
as a deterioration of liver function with a doubling of serum 
transaminases in two different and subsequently taken blood 
samples. To confirm the clinical diagnosis, a needle biopsy was 
performed. The histological grading of rejection was estimated 
according to Banff's scheme by global assessment and graded 
into categories of mild, moderate, and severe [3]. Acute viral he- 
patitis was excluded by serological examination and immunohis- 
tochemistry. 

The biopsy specimens were screened semiquantitatively for the 
rate of apoptosis on the hematoxylin-eosin stain (HE) and by the 
in situ end nick labeling technique (TUNEL) to enable an inde- 
pendent detection of DNA fragmentation by two pathologists. 

TUNEL 

For the detection of DNA fragmentation, sections of paraffin-em- 
bedded tissue were dewaxed by washing in xylene and rehydrated 
through a graded series of ethanol and dH,O: the sections were in- 
cubated with protein kinase K (20 pgiml, Sigma, St. Louis, Mo., in 
10 rnM TrisiHCI, pH 7.4-8.0) for 15 min at 37°C. The in situ 
DNA fragmentation assay was performed by applying the in situ 
cell death detection kit AP (Boehringer Mannheim, Mannheim, 
Germany; cat. no. 1684809) based on the method by Gavrieli et 
al. [lo]. In humidified chambers (at 37°C for 60 rnin), the samples 
were incubated with the TUNEL reaction mixture of the kit that 
contains terminal deoxynucleotidyl transferase and fluorescin-la- 
beled dUTP. Then the converter AP solution of the kit (alkaline 
phosphatase-conjugated anti-fluorescin antibody) was applied for 
30 rnin at 37°C. After PBS-washing, the slides were treated with 
an alkaline phosphatase substrate kit (Vectastain, SK-5100; Vector 
Lab, Burlingame, Calif.) to visualize the alkaline phosphatase and 
were counterstained with Meyer's haemalum. Negative controls 

were treated with a TUNEL reaction mixture without terminal 
transferase. 

Quantitative evaluation 

An apoptotic index of the TUNEL assay was calculated for each 
sample by counting the number of positively-stained nuclei and di- 
viding that amount by the total number of cells x 100. A total of 
3000 liver cells on each slide were counted. The data were expres- 
sed as mean +/- standard deviation. For the semiquantitative as- 
sessment of apoptotic bodies (ABs), a scale from 0 to 4+ was 
used: 0 (no ABs found), 1+ (very few ABs), 2+ (few ABs), 3+ 
(many ABs, but not seen in every higher-powered field), 4+ (abun- 
dant ABs, each higher-powered field containing ABs). Apoptotic 
cells were identified in HE sections as cells with fragmented nuclei 
and condensated cytoplasm or as small aggregates of nuclear and/ 
or cytoplasmic fragments replacing one cell. 

Statistics 

Differences between controls, cases of rejection, and cases of vas- 
cular occlusion were tested by variance analysis using the statistical 
package SAS. When the overall test of a group effect was signifi- 
cant, comparisons between cases with vascular occlusion and the 
other two groups were made using the multiple comparison adjust- 
ment of Dunnett [ l l ] .  Associations between cases with vascular 
occlusion and the grades of rejection were proved by a linear trend 
test within an ANOVA. All probability values were two-sided 
and a P value of less than 0.05 was considered statistically signifi- 
cant. 

Results 

Liver grafts showing PNF were explanted 1-3 days after 
transplantation. Vascular complications occurred on 
median day 5 (days 1-14.5), and the recorded rejection 
episodes 30.5 days (9-90 days) after grafting. Vascular 
occlusion was diagnosed by sonography and/or angio- 
graphy and cavography (n  = 9), or intraoperatively by 
thrombectomy of the hepatic artery (n  = 2). Of the pa- 
tients showing vascular occlusion, 5 had HAT, 2 portal 
vein thrombosis (PVT), 2 HAT and PVT, and 2 inferior 
vena cava (IVC) thrombosis. 

The highest rates of apoptotic hepatocytes were 
found in connection with vascular occlusion 
( P  < 0.001). Apoptosis first appeared perivenously and 
then extended to the portal fields with increasing is- 
chemic damage (Fig. 1). No correlation between the 
rate and pattern of apoptotic hepatocytes and the occlu- 
ded major vessel was found. A percentage of necrotic 
hepatocytes of up to 50 % was observed perivenously 
with increasing ischemic damage (Table 1). 

The biopsies taken intraoperatively after successful 
revascularization in one patient with HAT showed the 
same rate of apoptotic and necrotic hepatocytes as 
that observed in explanted grafts after vascular occlu- 
sion. 
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Fig.l TUNEL assay stain of ischemic liver graft after hepatic ar- 
tery thrombosis with abundant positively-stained nuclei of apop- 
totic hepatocytes (magnification x 100) 

Fig.2 TUNEL assay stain of a liver graft explanted 2 days after or- 
thotopic liver transplantation because of primary nonfunction 
showing only necrotic hepatocytes (magnification x 100) 

Explanted grafts after PNF showed only necrotic he- 
patocytes (Fig.2). 

Of the 22 biopsies following acute allograft rejection, 
9 were classified as mild, I1 as moderate, and 2 as severe 
according to Banff's scheme 131. We identified a signifi- 
cantly higher apoptotic cell count in biopsies following 
acute rejection than in normal controls ( P  < 0.003). In 
addition, we found that the rate of apoptotic hepato- 
cytes increased with the severity of rejection. In contrast 
to vascular occlusions, in the case of acute rejection, 
apoptotic hepatocytes were seen throughout the lo- 
bules. 

Table 1 Apoptotic indices of the TUNEL assay. Data are expres- 
sed as mean +I- standard deviation. The highest rates of apoptotic 
hepatocytes were found in the case of vascular occlusion ( P <  
0.001) in comparison to normal controls and cases of acute rejec- 
tion. In explanted grafts with primary nonfunction (PNF), 100% 
of the hepatocytes were necrotic. Cases of acute early rejection 
showed a significantly higher apoptotic cell count than did normal 
controls ( P  < 0.003), increasing in direct proportion to the severity 
of rejection 

n = 75 Rate of apoptosis Percentage 
per 100 hepatocytes of necrotic 

hepatocytes 

Vascular occlusion 11 7.880 +I- 0.533 Up to 50% 
( P  < 0.001) 

PNF 9 0.0 100 Yo 
Acute rejection 22 0.702 +I- 0.378 0 % 

(P  < 0.003) 
mild 9 0.505 +I- 0.260 
moderatelsevere 13 0.866 +I- 0.389 

Controls 11 0.400 +/- 0.400 0 % 

Discussion 

We investigated apoptosis and necrosis of hepatocytes 
in vascular occlusion, PNF, and acute allograft rejection 
to improve the differential diagnosis of early graft loss 
and to find out whether these results are of prognostic 
value. 

Routine laboratory tests and the clinical presentation 
of patients with vascular occlusion of the liver graft are 
variable and of little help with respect to differential di- 
agnosis. Angiography is the only reliable diagnostic 
tool to identify vascular thrombosis [8,15,18,20,22,27]. 

Functioning liver grafts consist to a very large extent 
of living hepatocytes, but also contain a small number 
of dead hepatocytes as a result of necrosis or apoptosis. 
The relation of living to necrotic or apoptotic hepato- 
cytes can be affected by many hepatobiliary diseases, 
acute allograft rejection, preservation injury, and ische- 
mia. Apoptotic hepatocytes in time-zero biopsies have 
been described as a predictor for primary graft failure 
[l]. In grafts explanted for PNF, we only found massive 
necrosis without signs of programmed cell death. This 
may be explained by the fact that we performed a retro- 
spective analysis of explanted grafts. Explantation was 
done 24-72 h after the first transplantation, and no se- 
quential biopsies were available. Within this time, mas- 
sive necrosis is caused by microcirculatory disturbances 
due to fibrin deposits in the hepatic sinusoids [4]. 

Vascular occlusion of major liver vessels does not al- 
ways lead to extended necrosis as in other organs due 
to a dual vascular supply of hepatocytes by the hepatic 
artery and portal vein [5 ,  161. Failure of arterial blood 
supply is compensated by accelerated venous blood 
flow and vice versa [18, 221. In addition, mild damage 
of liver cells, which allows the formation of ATP and 
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proteins, leads to apoptosis and not to necrosis [21]. In 
case of a rapid occlusion of major hepatic vessels, com- 
pensation via the additional blood supply is insufficient. 
With increasing ischemic damage, we observed a per- 
centage of necrotic hepatocytes of up to 50 %. 

As reported in ultrasound studies, a thrombus in ma- 
jor hepatic vessels can begin as stenosis days before the 
occlusion [13, 201. The predominance of zone 3 injury 
during ischemia is an expression of reduced oxygen de- 
livery [7, 171. Apoptosis first appeared and then exten- 
ded to the portal fields with increasing ischemic damage 
[l ,  17,251. In contrast to a necrotic cell, apoptotic hepa- 
tocytes are removed by phagocytosis within a few hours. 
The large numbers of apoptotic cells we have observed 
therefore reflect a continuous process of programmed 
cell death. 

We decided not to exclude IVC thrombosis from the 
other forms of vascular occlusion of major hepatic ves- 
sels because identical high rates of apoptotic hepato- 
cytes were seen in all specimens of explanted grafts 
with vascular occlusion. So far, we do not know the spe- 
cificity of the response to insufficient vascular perfusion 
of the liver graft. 

Assessment of graft recovery by the apoptosis index 
or the extent of necrosis was not possible. The only pa- 
tient with successful revascularization showed an apop- 
totic index of 7.5 and a percentage of necrotic hepato- 
cytes of between 30 and 50 % in all specimens taken 
from both lobes during revascularization. It possibly is 
not enough to estimate the prognosis of graft function 
by hypoxic cell damage alone without paying attention 
to the side effects of revascularization. 

It is well known from the rodent model that liver cells 
differ in terms of their sensitivity to hypoxia and reper- 

fusion damage [19]. Hepatocytes are very sensitive to- 
wards anoxia but relatively resistant towards reperfu- 
sion injury. In contrast, bile duct cells are damaged se- 
verely by oxygen radicals created during reperfusion. 
Graft function after successful revascularization is often 
limited by stricture of the bile ducts and consecutive in- 
fectious complications [8,18,20]. We did not find apop- 
totic bile duct cells in grafts with vascular occlusion in 
the TUNEL assay. 

Increased apoptosis in acute allograft rejection and 
HAT has been described before [2, 14, 251. Acute allo- 
graft rejection may lead to a false positive diagnosis of 
vascular occlusion on duplex ultrasound examinations 
[20]. The different rate and location of apoptosis and 
the absence of necrosis in acute rejection may serve as 
additional diagnostics. Whether the finding that apopto- 
tic hepatocytes increase in direct proportion to the se- 
verity of rejection will become an additional diagnostic 
tool in clinical routine, cannot be answered at the pre- 
sent time. Further investigation of the subject is needed. 

Our data seem to be clear but require cautious inter- 
pretation since we only looked at the end products of 
graft failure in the case of vascular occlusion and PNF. 
A lot of changes occur until a graft has to be explanted 
or revascularized. Our results coincide with those of 
other authors [2, 4, 12, 14, 18, 21, 22, 241. Therefore, 
our observations have encouraged us to perform a pro- 
spective study of early graft failure with sequential biop- 
sies. 

As far as we can tell, the screening of liver graft biop- 
sies for the rate of apoptosishecrosis of hepatocytes is 
likely to improve the efficiency and accuracy of the dif- 
ferential diagnosis of early graft failure. 
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