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Light microscopic, immunohistochemical and ultra
structural analysis of protocol before transplantation 
and after reperfusion biopsy specimens from 87 ran
domly selected patients was performed to assess the 
contribution of preservation and immunological injury 
to early graft failure. Most biopsy specimens were 
essentially normal by light microscopy before trans
plantation, and no particular feature could be relied on 
to predict function after transplantation. Ultrastruc
tural examination of biopsy specimens before trans
plantation demonstrated preferential degeneration of 
sinusoidal lining cells, but no strict correlation was 
seen between ultrastructural sinusoidal integrity be
fore transplantation and function after transplanta· 
tion. The presence of zonal or severe focal necrosis and 
a severe neutrophilic exudate in biopsy specimens 
after reperfusion presaged a poor early postoperative 
course in most, but not all, patients. The presence of 
preformed lymphocytotoxic antibodies had no effect 
on the early clinical course, but was associated with 
Kupffer cell hypertrophy in needle biopsy specimens 
taken after transplantation. No definite evidence was 
seen of hyperacute rejection as a result of preformed 
lymphocytotoxic antibodies as detected in conven
tional assays. These findings suggest that preservation 
injury accounts for only a subset of grafts that fail to 
function after transplantation. Other peri operative or 
"recipient" factors may be of equal or greater impor' 
tance in early graft dysfunction or failure. (HEPATOLOGY 

1990;11:932·941.) 

At the University of Pittsburgh and other institutions, 
as many as 10% of human orthotopic liver allografts 
never function properly and require urgent replacement 
in the first several weeks after transplantation (1-3). 
When no apparent technical or immunological cause of 
early allograft failure can be identified, the term primary 
nonfunction has been used, and preservation injury is 
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often blamed. Considering all the potential insults and 
the chaotic metabolic environment into which the new 
liver is placed, the 10% rate of primary graft nonfunction 
is surprisingly low. 

Among the many potentially noxious insults that can 
cause early graft damage, immunological injury has been 
considered one of the least important. In fact, no early 
deleterious effect has been seen in liver transplant 
recipients who harbor preformed T -warm antibodies 
(4-6), and these antibodies may disappear from the 
recipient circulation shortly after reperfusion of the 
allograft (7). 

Only transplantation of a diseased liver (8) or vio
lation of the major ABO blood group barriers reliably 
predicts poor early functioning or failure after trans
plantation (9). The following study is aimed at inves
tigating the contributions of "preservation" and other 
forms of immunological injury to primary graft non
function. 

PATIENTS AND METHODS 

Eighty-seven patients were randomly chosen at the dis
cretion of the operative surgeons from among 645 adults who 
received orthotopic liver transplants between October 1986 
and October 1988 at the Presbyterian University Hospital at 
Pittsburgh for protocol biopsy evaluation before transplan
tation and after reperfusion. All procedures discussed in this 
study were done as a part of the standard clinical management 
of the transplant patients. Biopsy specimens were obtained 
before transplantation after organ procurement and cold 
preservation using standard methods (10). Biopsy specimens 
were obtained after reperfusion after complete revascular
ization of the inferior vena cava, the portal vein and the hepatic 
artery from the grossly normal medial or anterior segment of 
the allograft (11). Seventy-six of the allografts were primary 
grafts, nine were secondary and two were tertiary, where 
primary is the first graft, secondary the second graft and 
tertiary the third graft. Fifty-one grafts were preserved in 
Eurocollins' solution, and 36 grafts were stored in University 
ofW"lSCOnsin (UW) solution (1, 12). Cold ischemic time varied 
from 3 to 21.5 hr, with a mean of 6 hr for those preserved with 
Eurocollins' solution and a mean of 8 hr for organs kept in UW 
solution. No attempt was made to correlate the type of 

932 



1 

·1 

Y 
t 
5 

e 
.e 

0-

ly 
5-

'5-

er 
n-

lis
ho 

186 
I at 
an
his 
ent 
ned 
~old 
ens 
lar
.atic 
It of 
\ary 
here 
and 
din 
rsity 
lried 
with 
,UW 
Ie of 

t* e ••. 1 • °t" Wi"''''' -------;;.: •• ?Ut « 

Vol. 11, No.6, 1990 PROTOCOL PERIOPERATIVE LIVER ALLOGRAFT BIOPSY EVALUATION 933 

preservation fluid with the postoperative clinical course 
because those organs kept in UW solution were generally 
preserved for longer periods than those stored in Eurocollins' 
solution. 

All patients received grafts with a compatible ABO blood 
type. Of the 77 patients for whom crossmatches were per
formed, 16 had a positive or strongly positive lymphocytotoxic 
crossmatch using standard complement-dependent cytotox
icity assays. No further studies were performed to isotype the 
reactive antibodies. 

The major portion of each biopsy specimen was fixed in 
10% neutral buffered formalin and routinely stained with 
hematoxylin and eosin. A smaller portion of the biopsy 
specimen was fixed with 2% glutaraldehyde and was em
bedded in Epon-Araldite for transmission electron mi
croscopy. All biopsy specimens from the 11 patients with a 
strongly positive crossmatch, 10 other crossmatch neg
ative patients, all 11 nonprimary and the five failed allo
grafts were selected for immunohistochemical evaluation by 
staining for the presence of IgG, IgM, Clq, fibrinogen, 
lysozyme and factor VIII-related antigen using paraffin
embedded tissue (13) and standard avidin-biotin-peroxidase 
methods using commercially available reagents (Dakopatts, 
Copenhagen, Denmark) (14). 

Specific histological criteria and the results of immuno
peroxidase staining were blindly and independently assessed 
for each biopsy specimen pair by two of the authors (S.K. 
and A.J.D.). The histological features examined were the 
severity, type and location of necrosis, inflammation and 
steatosis and the location and severity of hepatocellular 
swelling (Fig. 1) and cytoaggregation. Cytoaggregation refers 
to a reversible form of cell injury manifest morphologi
cally by a "rounding-up" of the hepatocyte, so that the 
cell assumes a rounded appearance instead of the normal 
polygonal configuration. The severity of inflammation was 
based on the average number of inflammatory cells per 
high power field in the most prominently involved areas, 
with 0 to 1 = none; 2 to 5 = minimal; 6 to 10 = mild; 11 
to 20 = moderate and more than 20 = severe. The se
verity of necrosis, steatosis, cytoaggregation and hepatocyte 
swelling was based on the estimated percentage of 
cells demonstrating that particular change, with 0 = none; 
< 10% = minimal; 10% to 40% = mild; 40% to 70% = 
moderate and 70% to 100% = severe. The biopsy specimens 
were categorized as "poor" if the inflammation or necrosis, 
or both, was moderate or severe, otherwise it was considered 
"good" (Fig. 2). The immunohistochemical stains were 
graded according to their intensity (negative to strong pos
itive) and location. 

Good organ function was defined by criteria similar to 
those of Makowka et al. (15) that specify peak serum values 
of AST always < 1,500 lUlL and AL T always < 1,000 lUlL 
during the first postoperative week, based on daily deter
minations. Poor function was characterized by peak serum 
values of AST > 1,500 lUlL or ALT > 1,000 lUlL on any day 
during the first week. The prothrombin time that was 
included by Makowkaet al. (15) was neglected because of 
unavailability of complete data, and the reported values may 
have been influenced by the use of fresh frozen Plasmanate. 
Complete clinical data were available in 59 of the 87 patients 
and included donor age, sex, cause of death, cold ischemic 
time, type of preservation fluid, results of the lymphocyte 
crossmatch and the priority status of the recipienL All 
patients were followed for at least 1 mo after transplantation 
and all follow-up biopsy specimens were reviewed (n = 126, 
58 patients) after transplantation. 

FIG. 1. Moderate diffuse hepatocellular swelling in a biopsy 
specimen after reperfusion. PT = portal tract. (H & E. original 
magnification x 100.) 

FiG. 2. (a) Zonal necrosia associated with a severe neutrophilic 
infiltrate in centrizonal and periportal areas is seen in this biopsy 
specimen after reperfusion. CV = central vein, PT = portal tract. 
(H & E. original magnification x 100,) (b) Higher magnification 
demonstrates periportal zonal hepatocellular necrosis associated with 
a neutrophilic infiltrate. (H • E. original magnification x 250.) 
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RESULTS 

Light Microscopy 

Most biopsy specimens were essentially normal before 
transplantation except for focal mild spotty acidophilic 
necrosis, a slight increase in sinusoidal inflammatory 
cells and mild hepatocellular swelling. The integrity of 
the sinusoidal lining cells could not be reliably evaluated 
with immersion fixed, paraffin-embedded and hema
toxylin and eosin-stained slides of biopsy specimens 
before transplantation. 

Samples after reperfusion, on the other hand, dem
onstrated a range of pathological findings, some of 
which were similar to those seen in biopsy specimens 
taken during other types of abdominal surgical pro
cedures (16). 

Necrosis. Mild, spotty single-cell acidophilic necrosis 
was observed in six of 87 biopsy specimens; before 
transplantation the remainder had no hepatocellular 
necrosis. In biopsy specimens after reperfusion from two 
patients who had necrosis in the biopsy specimen before 
transplantation, larger areas of necrosis appeared that 
were classified as focal or zonal. Ten other biopsy 
specimens after reperfusion contained focal or zonal 
necrosis that was either centrilobular, periportal, or 
both in distribution. 

Inflammation. Eighty-five of the 87 biopsy specimens 
contained little to no inflammation before transplan
tation; the remaining two showed moderate inflam
mation that consisted of neutrophils or neutrophils 
mixed with lymphocytes and cellular debris in the 
sinusoids. 

In general, the degree of inflammation increased after 
revascularization and paralleled the degree of necrosis, 
although focal sinusoidal neutrophilia without necrosis 
was not uncommon. Sixty biopsy specimens showed 
inflammation ranging from none to mild, after reperfu
sion, and 27 specimens showed moderate to severe 
inflammation, mostly consisting of neutrophils, fewer 
macrophages and lymphocytes that were frequently 
sludged in the sinusoids associated with areas of hepa
tocyte necrosis and sinusoidal debris or both (Fig. 2). In 
summary, 47 patients had a good clinical course and 
histological findings, whereas 13 had a good clinical 
course but poor histological findings. By contrast, 15 
patients had both a poor clinical course and histological 
findings, whereas 13 had poor histological findings but a 
good clinical course. Chi-squared analysis revealed a 
significance level < 0.05. 

Steatosis, Cytoaggregation and Hepatocyte Swelling. 
Microvesicular steatosis was the predominant type of 
fatty metamorphosis, although mild focal macrove
sicular change was detected in an occasional biopsy 
specimen. Generally, the severity of microvesicular 
steatosis increased in biopsy samples after reperfusion 
when compared with specimens before transplantation. 
Focal hepatocellular cytoaggregation was seen in 10 
biopsy specimens before transplantation and 35 biopsy 
specimens after reperfusion. It generally increased after 
transplantation, especially in the periportal areas. Mild 

hydropic cell swelling was detected in both biopsy 
samples before transplantation and after reperfusion. 
However, a periportal location was slightly more prev
alent in samples after reperfusion. 

Immunohistochemistry 

No endothelial staining for immunoglobulin or com
plement components was seen in any of the biopsy 
specimens before transplantation, but mild focal pos
itivity for IgG and IgM in the cytoplasm of an occa
sional Kupffer cell, plasma cells and spindle-shaped 
cells in the portal tract connective tissue was detected 
in a few cases. The results were not influenced by 
whether the donor had received a blood transfusion. 
Lysozyme staining of biopsy specimens to detect 
Kupffer cells before transplantation showed consid
erable variability in the number of positive cells and 
the amount of positive staining cytoplasm. Staining for 
factor VIII-related antigen accentuated the integrity of 
the endothelium of the larger vessels, but the sinu
soidal endothelial cells did not reliably stain. No in
travascular fibrinogen deposits were detected in the 
biopsy specimens before transplantation. 

Many of the biopsy specimens after reperfusion 
revealed a faint interrupted linear sinusoidal posi
tivity for IgG and IgM, regardless of the presence 
or absence of preformed lymphocytotoxic antibodies 
(data not shown). It was, however, difficult to sepa
rate nonspecific serum coating of the sinusoidal 
cells from specific binding, and necrotic hepatocytes 
stained nonspecifically for immunoglobulins. Occa
sional crossmatch-positive patients demonstrated a 
more intense uninterrupted linear sinusoidal staining 
for immunoglobulins, but the pattern of immune 
staining could not be used to blindly identify patients 
with positive crossmatch. Regardless of the cross match 
results, intrasinusoidal and perisinusoidal fibrinogen 
deposition was often detected in the areas of hepatocyte 
necrosis and inflammation, particularly in the peri
portal regions and near the hepatic veins. The only 
observed distinction on immunohistochemical staining 
between patients with a positive crossmatch vs. those 
without a positive crossmatch was a tendency for 
increased nuclear and cytoplasmic size, positive 
staining for lysozyme of the Kupffer cells and increased 
numbers of macrophages in biopsy specimens from 
patients with a positive crossmatch after reperfusion. 
Staining patterns in the nonprimary grafts were 
similar to those described in the grafts with positive 
crossmatch. 

Ultrastructural Findings 

Most biopsy specimens from patients before tranJo 
plantation whose biopsy specimen after 
significantly deteriorated when compared with 
specimen before transplantation demonstrated 
abnormalities of sinusoidal lining cells. These 
included endothelial cell vacuolization and a 
or complete detachment of individual cells, 
in denudation with loss of the space of Disse (Fig. 

11 

f( 

Ui 

re 

sh 
SOi 

api 
va( 
ce[ 
disl 
we: 
to} 

H 
the 
wer 
in 1. 
and 
IO! 

sho1 
ret~ 

COm 
Sim 
seer 
fror. 
mat 
no 
imn-

Cor 
Filii 
a.{lt 

N 
cipif 
Iatic 
l'ePf 
trar 
rraf 
DOn' folk! 
who 

:: .. ;: 



1 

n 
e 
1-

y 
g 
~e 

Jr 
Ie 
~d 
m 
n. 
re 
ve 

15-

on 
.he 
cal 
~ 
:ia1 
ing 
3). 

Vol. 11, No.6, 1990 PROTOCOL PERIOPERATIVE LIVER ALLOGRAFT BIOPSY EVALUATION 935 

The sinusoids contained cellular debris, presumably 
fragments of hepatocytes, detached endothelial cells 
and occasional inflammatory cells. The hepatocellular 
changes detected in the samples before transplantation 
were relatively mild and included cytoplasmic fat vacu
olization, a decrease in the mitochondrial matrix, for
mation of hepatocellular cytoplasmic blebs protruding 
into the sinusoids and occasional loss of hepatocyte 
microvilli on the sinusoidal surface. Bile canalicular 
microvilli were generally intact. Glycogen was usually 
detectable and the rough endoplasmic reticulum was 
generally intact with only mild swelling (Fig. 4). On the 
other hand, sinusoidal lining cells were intact in four of 
seven biopsy specimens before transplantation (Fig. 4) 
in which there was no significant histological deterio
ration between the biopsy specimens when inspected 
using light microscopy before transplantation and after 
reperfusion. 

In specimens taken after reperfusion, both groups 
showed increased sinusoidal cellular debris, focal sinu
soidal endothelial cell denudation and occasional active 
appearing KupfTer cells that contained cytoplasmic 
vacuoles and electron-dense material. Inflammatory 
cells were often clustered in areas of microarchitectural 
distortion and sinusoidal lining cell denudation. They 
were also seen near KupfTer cells and directly adherent 
to hepatocytes or amidst cellular debris. 

Hepatocyte alterations were similar to those seen in 
the specimens before transplantation and in most cases 
were relatively mild. The changes included an increase 
in lipid vacuolization, detachment of cytoplasmic blebs 
and, in some areas, formation of electron-dense material 
in the cytoplasm. The mitochondria in some cases 
showed mild swelling, and the rough endoplasmic 
reticulum showed focal mild fusiform dilatation when 
compared with samples taken before transplantation. 
Sinusoidal platelets and fibrin (Fig. 4d) were more easily 
seen in two biopsy specimens taken after reperfusion 
from patients with a strongly positive T-warm cross
match than in the cases with a negative crossmatch, but 
no definitive electron-dense material suggestive of 
immune deposits was seen. 

Correlation of Donor Variable. and Histological 
Finding. with the Clinical Course 
after Transplantation 

Neither the donor variables examined nor the re
cipient status code demonstrated a significant corre
lation with either the histological findings before or after 
reperfusion biopsy specimens or the clinical course after 
transplantation, other than a much higher incidence of 
graft failure or death in patients who had received a 
nonprimary graft (Tables 1 and 2). During the 1 mo 
follow-up period after transplantation, six of 59 patients 
who experienced a good early clinical course died or 
experienced graft failure and required retransplantation 
(four deaths, two retransplants), and six of 28 patients 
who experienced a poor early clinical course died or 
required retransplantation (three deaths, three retrans
plants). However, all the patients whose graft failed or 

FIG. 3. Plastic·embedded section of a biopsy specimen before 
transplantation obtained from a graft that exhibited histological 
evidence of damage after reperfusion. (a) The centrizonal sinusoidal 
lining cells demonstrate a rounded configuration instead of the slender 
elongated appearance (arrows) and focal denudation. The central vein 
endothelium is intact. CV = central vein. (Toluidine blue 0, original 
magnification x 250.) (b) Periportal sinusoidal lining cells (arrows) 
are less severely damaged in the same patient and the portal vein 
endothelium is intact. PV = portal vein; BD = bile duct. (Toluidine 
blue 0, original magnification x 250.) (c) Higher magnification of the 
centrizonal sinusoids demonstrates the endothelial cell damage (ar
rows) and hepatocellular blebs (arrow head) (Toluidine blue 0, original 
magnification x 1,000.) 
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FiG. 4. Electron microscopic findings in biopsy specimens before transplantation. (a) Demonstrates an area of well-maintained sinusoidal 
endothelial cells. EC = endothelial cell, arrows'" space of Disse. (Original magnification x 4,700.) (b) Partial retraction of endothelial 
cells (EC) from the underlying tissue. H = hepatocytes, arrow = bleb. (Original magnification x 4,700') (cl Inflammatory cells can be 
seen directly adherent to the hepatocytes (H) where the sinusoidal lining cells are denuded. Hepatocytes show eytoplasmic 
fat droplets, the other organelles are fairly well maintained. L = lymphoeytes, N = neutrophil, EC '" endothelial cell. (d) Sinusoidal platelets 
(PI, cellular debris and fibrin deposition (arrow) were more easily detected in postreperfusion biopsy specimens from patients with a positive 
cross match. / = Ito cell, (Original magnification x 4,700') 

who died because of graft dysfunction experienced a poor 
early clinical course_ 

No finding in the biopsy specimen before transplan
tation was able to predict organ function after trans
plantation. Fifteen of the 27 patients with "poor" 
histological findings (i.e., moderate or severe inflam
mation and necrosis or both) experienced a poor clinical 
course, whereas the other 12 had a good course. By 
contrast, only 13 of the 60 patients who had "good" 
histological findings after transplantation experienced a 
poor clinical course. The combination of zonal necrosis 
and severe inflammation in the biopsy specimen after 
reperfusion, however, presaged a poor clinical course in 
five of seven patients who demonstrated these findings; 
two died within a week after transplantation. Neither 
the severity nor location of microvesicular steatosis, 
cytoaggregation or hepatocyte swelling was associated 
with the clinical course. 

Clinicopathological AnalysiB of Graft Failure or 
Patient Death 

Sepsis was the cause of death in all four patients (pa. 
tients 1, 26, 36 and 40) who demonstrated a good early 
clinical course and good histological findings after reper· 
fusion. Graft function was relatively intact near or at the 
time of death. Two patients in this same group had to be 
given another liver allograft. within the 30-day follow-up 
period (patients 46 and 57). Patient 46 required a new 
liver because of necrosis of the hilum. The cause was 
uncertain, but it was likely related to technical problema 
with the operation. No vascular thrombosis was 
Graft. failure in patient 57 was due to n"r'nnT 

acute cellular rejection. Patient 72 experienced a 
early clinical course and died of sepsis 24 days later. 

The cause of graft failure or death or both 
more difficult to determine in those patients 
experienced a poor early clinical course and had 
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necrosis or inflammation or both in the biopsy 
specimen after reperfusion. Patient 79 received a sec
ondary graft and the biopsy specimen after reperfusion 
showed midzonal hepatocellular necrosis associated 
with severe neutrophilic inflammation. The liver did 
not produce bile after transplantation, and the patient 
died 8 days after transplantation. On postmortem 
examination, the liver demonstrated massive coagu
lative necrosis and thrombosis of the right branch of 
the hepatic artery. No immunoglobulin or complement 
deposition was seen in either the biopsy specimen after 
reperfusion or the autopsy liver specimen. Three other 
patients (patients 74, 82, 86) were hypotensive in the 
operating room and this may have inflicted ischemic 
injury on the graft. Two of these grafts (patients 74, 
86) were available for pathological evaluation; the first 
(patient 74) demonstrated widespread centrilobular ne
crosis, the other (patient 86) revealed massive coagu
lative necrosis. No significant immunoglobulin, com
plement or fibrinogen deposits were detected in the spec
imens from either patient. The other patient (patient 82) 
suffered a myocardial infarction in the operating room 
and died several days later; autopsy permission was not 
obtained. Ultrastructural examination of the biopsy 
sample from patient 86 before transplantation revealed 
focal mild sinusoidal endothelial cell damage. Hy
potension or other probably nonimmunological insults 
or both occurring during or shortly after the operation 
were thought to be the underlying cause of graft failure 
in these four patients. 

Only one patient (patient 85) demonstrated no ap
parent clinical reason for graft failure, although the 
transplant operation was described as extremely dif
ficult because of the extensive peritoneal adhesions 
caused by a previous Leveen shunt operation. Ultra
structural examination of the biopsy specimen before 
transplantation demonstrated a more severe form of 
sinusoidal endothelial cell injury. The lymphocytotoxic 
crossmatch was strongly positive. The biopsy specimen 
exhibited sinusoidal immune deposits and severe inflam
mation with necrosis after reperfusion. The failed graft 
revealed widespread periportal zonal hepatocellular 
necrosis. Immunohistochemical stains of the failed 
allograft demonstrated no significant deposition of 
immunoglobulins or complement. 

Follow-up Biopsies 

Follow-up biopsies were performed in 58 of the 
patients included in this study but were not done 
according to protocol. Seven of 15 patients who had 
moderate or severe focal or zonal necrosis in their biopsy 
specimens after reperfusion demonstrated histological 
findings in follow-up biopsies that have been attributed 
to ischemic preservation injury (17). By contrast, only 
eight of 43 patients with little or no necrosis or 
inflammation in the biopsy specimen after reperfusion 
demonstrated similar changes in follow-up biopsy 
samples. Portal fibrosis was detected in late follow-up 
biopsY specimens taken more than 2 mo after transplan-

tation in patients from both groups (i.e., good and poor 
histological findings) and no strict correlation was seen 
with the samples after reperfusion. , 

DISCUSSION 

We were unable to predict organ function after 
transplantation by light microscopic examination of 
immersion-fixed, paraffin-embedded and hematoxylin 
and eosin stained biopsy specimens before transplan
tation. However, ultrastructural analysis revealed that 
the sinusoidal microvasculature was more sensitive to 
organ procurement and cold preservation than the 
endothelium of larger vessels or hepatoeytes, which 
demonstrated ultrastructural changes associated with 
reversible injury (18-21). Obvious differences between 
sinusoidal and other endothelial cells are the lack of a 
conventional basement membrane, proximity of the 
Kupffer cells and the functional specialization of the 
sinusoidal endothelium (22, 23). 

The sinusoidal lining cell damage incurred during 
cold preservation probably contributed to fibrinogen 
deposition and neutrophil accumulation in the areas of 
damage in biopsy specimens after reperfusion. Sub
sequent microvascular thrombosis and enzyme release 
may therefore be partially responsible for the me
chanical disruption of the microcirculation after reper
fusion and prevent adequate restitution of the blood 
supply. Although the histological appearance of the 
biopsy specimen after reperfusion had some prognostic 
significance, many patients did well even when there 
was evidence of severe histological damage. This was 
not surprising, considering the focality of necrosis in 
many liver allografts (24), a factor that introduces 
sampling problems. By contrast, the histological 
findings showed minimal alterations in some patients 
who experienced a poor early clinical course. In this 
circumstance, biopsies after reperfusion may be per
formed too soon after revascularization to detect mor
phological changes of irreversible ischemic injury. De
spite the evidence in this study that sinusoidal cell 
injury was associated with cold preservation and has 
been used to predict function in animal studies after 
transplantation (19), events occurring during or shortly 
after implantation of the liver appeared to cause an 
equal or greater degree of morbidity and mortality in 
this group of patients. 

Most animal models evaluating preservation injury 
allow a precisely controlled analysis (19,20, 25-27) but 
ignore the contribution of the arterial blood flow and the 
metabolic derangements caused by a poorly functioning 
native liver. In humans, arterial flow plays a more vital 
role. The time sequence between reperfusion of the 
venous and arterial systems may vary considerably, 
particularly when difficulties are encountered with the 
arterial anastomosis or when an artery graft must be 
placed. During this time, the liver is reperfused and 
warmed by relatively hypoxic portal blood or the arterial 
supply is disrupted after having been initially intact. 
Either sequence of events has the potential to cause 
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TABLE 1. Data of patients experiencing a good early clinical course 

Patient Graft Type of bchemic time Warm T-eeU Patient/eraft Cause of Pre-OL T endothelial 
no. no. 801utlon (hr:min) cl"08Smatch statu6' deatblfaIl ceUdamap 

Post-OLT histological diagnosis: good , 
Ib 2 COL NA NA Died (8) Sep Before OL T None 
2 1 COL 08:58 WkPos Fune NA 
3 1 COL NA Negative Fune NA 
4 1 COL 05:04 WkPos Fune NA 
5 1 COL 05:22 Negative Fune NA 
6b COL 04:48 Negative Fune None 
7 1 COL NA NA Fune NA 
8 1 COL NA NA Fune NA 
9 COL 06:10 NA Fune NA 

10 1 COL 06:33 St Pos Fune NA 
11b 1 COL 08:24 Negative Fune Mild 
12 1 COL 05:56 St Pos Fune NA 
13b 1 COL 04:35 DbPos Fune None 
14 1 COL 07:53 DbPos Fune NA 
15 COL 05:26 DbPos Fune NA 
16 1 COL 07:20 Negative Fune NA 
17 1 COL 07:43 WkPos Fune NA 
18 1 COL 08:21 Negative Fune NA 
19 1 COL 04: 10 Negative Fune NA 
20 1 COL 07:34 Db Pos Fune NA 
21 1 COL 06:07 WkPos Fune NA 
22 1 COL 04:30 Negative Fune NA 
23 2 COL NA Positive Fune NA 
24 1 COL 05:26 WkPos Fune NA 
25 1 COL 05: 16 Db Pos Fune NA 
26 3 COL 06:46 Negative Died (16) Sep and MI NA 
27 2 OW 06:58 Db Pos Fune NA 
28b 1 OW 05:44 Negative Fune None 
29 1 OW 05: 12 Db Pos Fune NA 
30 1 OW 06:22 Positive Fune NA 
31 1 OW 09: 10 St Pos Fune NA 
32 1 OW 05:00 Db Pos Fune NA 
33 1 OW 05:56 DbPos Fune NA 
34 1 OW 05:06 Negative Fune NA 
35 1 OW 21:30 NA Fune NA 
36 2 OW 07:35 NA Died (30) Sep NA 
37 1 OW 18:30 Negative Fune NA 
38 1 OW 15:21 Db Pos Fune NA 
39 1 OW 07: 14 Negative Fune NA 
40 3 OW 15:25 WkPos Died (5) ARD8 and Sep NA 
41 1 OW 05:19 Negative Fune NA 
42 1 OW 10:53 8t Pos Fune NA 
43 2 OW 09:23 Negative Fune NA 
44 1 OW 08:30 NA Fune NA S 45 OW 12:22 Negative Fune NA tI 
46 OW 18:29 Negative R-OLT (4) Hilar necrosis NA 
47 OW 08:42 NA Fune NA 
Post-OLT histological diagnosis: poor 
48 1 COL NA Positive Fune NA 
49 1 COL 05:05 Negative Fune NA cL 
50 1 COL 04:43 Db Pos Fune NA AT 
51 COL 06:02 Negative Fune NA 
52 COL NA Negative Fune NA Iy 
53 COL 08:23 Negative Fune NA de 

OLT = transplant; COL = Eurocollins' solution; UW = University of Wisconsin solution; Pos = positive; Wk = Weak; Db = doubtful; eo 
8t = strong; Fune = functioning; R-OL T = retransplant; Sep = sepsis; ARDS = adult respiratory distress syndrome; MI = III 
infarction; ACR = acute cellular rejection; NA = not available. .. 

'Patient/graft status at 1 mo (with survival in days). .. 
lUitrastructurai examination performed in these grafts. r 
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TABLE l.-Continued 

Patient Graft Type of IBebemic time Warm T-cell Patient/lP'aIt Cause of Pre-OLT endotbelial 
no. no. solution (hr:min) croaamatcb statd death/fall cell dama,e ,. 

54 1 UW 08:40 Positive Fune NA 
55 1 UW 16:45 Negative Fune NA 
51)6 UW 10:00 Negative Fune Mild 
57 1 UW 03:16 Negative R·OLT (16) ACR NA 
58 1 UW 04:07 Negative Fune NA 
59 1 UW 10:20 8t Pos Fune NA 

TABLE 2. Data of patients experiencing a poor early clinical coune 

bchemic Pre·OLT 
Patient Gralt Type of time Warm T-cell Patient/paft Cause of endothelial 

no. no. eolution (hrallin) crossmatch statd death/fall cell dam are 

Post·OLT histological diagnosis: good 
60 1 COL 05:25 Negative Fune NA 
61 1 COL 05:34 Db Pos Fune NA 
6~ 1 COL 05:07 Db Pos Fune Moderate 
63 COL 08: 16 Negative Fune NA 
64b COL 04:35 Negative Fune Mild 
65 1 COL 05:36 8t Pos Fune NA 
66 1 COL 05:55 Negative Fune NA 
67 1 COL 05:54 Negative Fune NA 
68 1 COL 07:28 Db Pos Fune NA 
69 1 UW 18:36 DbPos Fune NA 
70 2 UW 07:00 Negative Fune NA 
71 1 UW 16:21 Pos Fune NA 
72 2 UW 06:20 Negative Died (24) Sep NA 
Post-OLT histological diagnosis: poor 
73 1 COL 05:58 8t Pos Func NA 
74 1 COL NA Negative R-OLT (13) Dys:Hypo NA 
75b 1 COL 06:20 Negative Fune Mild 
76b COL 05;59 Negative Func Mild 
7?h 1 COL NA Db Pos Fune Mild 
78 1 COL NA 8t Pos Func NA 
79 2 COL NA NA Died (8) Dys:HAT NA 
80h 1 COL 05:58 WkPos Fune Mild 
81b 1 COL NA 8t Pos Fune Moderate 
82 2 COL 07:47 NA Died (2) Dys:Hypo NA 
83 1 UW 06;48 Negative Func NA 
84 UW 04:26 Negative Fune NA 
85' UW 08;29 8t Pos R·OLT (3) PNF Moderate 
86' UW 11: 19 Negative R-OLT (3) Dys:Hypo Mild 
8?h 1 UW 14;56 8t Pos Fune Moderate 

OLT = transplant; COL = EurocoIlins' solution; UW = University of Wisconsin solution; Pos = positive; Wk = Weak; Db = doubtful; 
8t = strong; R-OL T = retransplant; Func = functioning; Sep = sepsis; Dys = graft dysfunction; Hypo = hypotension; HAT = hepatic artery 
thrombosis; PNF = primary graft. nonfunction; NA = not available. 

·Patient/graft. status at one month (with survival in daysl_ 
"Ultrastructural examination performed in these grafts. 

damage because the newly placed organ is devoid of 
arterial collaterals. 

Consistent with previous studies (4-6), preformed 
lymphocytotoxic antibodies did not appear to directly 
damage the liver allografts after reperfusion and no 
correlation with the early clinical course was appar
ent. Taken as a group, the only apparent distinction 
was a tendency toward an increase in the number of 
macrophages and the amount and intensity oflysozyme
positive cytoplasm of the Kupffer cells in biopsy spec-

imens from crossmatch-positive patients after reper
fusion compared with those without preformed anti
bodies. However, from our preliminary studies using an 
antibody described by Pulford et al. (28) (KPI obtained 
from Dr. D.Y. Mason, Oxford) that is used to detect 
Kupffer cells, it is evident that lysozyme stains only a 
fraction of the Kupffer cells present, and those may be 
in a state of relative activation. 

The donor liver secretes soluble class I major histo
compatibility complex antigens into the recipient circu-
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lation (29) that could bind the lymphocytotoxic anti
bodies and explain their disappearance from the serum 
(7, 30). The immune complexes thus formed could 
theoretically be removed by the Kupffer cells. Whether 
such apparent "protective" mechanisms do occur and 
whether they could be overridden in humans as is seen 
in highly sensitized animals (31, 32) is presently un
known. Gugenheim et al. (33, 34) found evidence for the 
above hypothesis by demonstrating "nontoxic" binding 
of immune components to the sinusoids of livers in an 
ex vivo perfusion model of sensitized rats. Although the 
immune deposits were most intense in livers from the 
sensitizing strain, they noted nonspecific deposition, as 
we did, in third-party livers as well. 

The role of Kupffer ceUs in preservation injury has 
also been largely overlooked. If morphology can be 
equated with the functional status, the activity of the 
Kupffer cells varies considerably among donors. Because 
they are capable of clearing immune complexes, platelet 
aggregates, fibrin, endotoxin and metabolic products 
from the circulation (35, 36), Kupffer cells could help the 
donor liver adjust to its new environment. After allo
graft implantation, various host factors, including the 
immune system and endotoxin (37, 38), can stimulate 
the Kupffer cells. Once activated, these cells can secrete 
potent biological mediators such as tumor necrosis 
factor, interleukin-l, procoagulant activity, oxidative 
enzymes and monokines that suppress hepatocyte 
protein synthesis (35, 39). Therefore the Kupffer cells 
apparently have the ability to "protect" the trans
planted liver in some instances and inhibit recovery of 
hepatic function or even contribute to the damage in 
others. 

Consistent with previous studies (15, 40), the vari
ables examined, other than nonprimary grafts, demon
strated little or no correlation to either the histological 
changes in biopsy specimens or the early clinical course. 
We believe that attention should be focused on donor 
factors and particularly on recipient factors that were 
not easily addressed in this study and not commonly 
implicated in early graft failure. These include the 
interval between reconstitution ofthe portal and arterial 
flows and as yet undefined C 'recipient" factors such as an 
endotoxemia (37, 38). 
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