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Coagulation profiles and intraoperative 
substitution requirements during elective 
piggyback liver transplantation with 
prophylactic antifibrinolytic therapy 

Abstract During recent years, pig- 
gyback liver transplantation (pOLT) 
with preservation of the retrohepatic 
vena cava has been introduced in 
adults. The objective of this study 
was to evaluate hemostatic changes 
associated with this transplantation 
technique. Fifty-seven patients un- 
dergoing elective pOLT for endstage 
liver disease were studied. Most sig- 
nificant changes were observed after 
graft reperfusion, when PT showed a 
49% decrease and activated partial 
thromboplastin time (aPTT) as well 
as TT a 2- to 3-fold prolongation. At 
the same time, factors of the extrin- 
sic coagulation pathway (11, V, VII) 
revealed an overall 50% decline. 
Similar changes were observed for 
antithrombin I11 (ATIII) and fibri- 

nogen plasma levels. However, only 
42% of all patients required intra- 
operative substitution with coagula- 
tion components. There was an 
association between preoperative 
fibrinogen (<  1.7 g/dl) and ATIII 
( <  50%) plasma levels and the sub- 
stitution requirement. Multiple lin- 
ear regression showed a significant 
correlation between preoperative 
ATIII activity and intraoperative 
blood loss. Despite a marked im- 
pairment of hemostasis, pOLT can 
frequently be performed with mini- 
mized substitution therapy. 
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Introduction 

The hazard of hemostatic imbalances is a well known 
feature during orthotopic liver transplantation (OLT) in 
humans, frequently necessitating the intraoperative 
substitution of rather large quantities of coagulation 
factors and blood products [3, 12, 17, 19, 231. In this 
context, different factors contribute to the abnormalities 
of the coagulation system, which may sustain intraop- 
erative bleeding. The underlying liver disease with im- 
paired liver function coincides with a deficient hepatic 
synthesis of coagulation factors and their inhibitors [ 12, 
231. As a result, abnormal preoperative levels of proco- 
agulants and coagulation factors (I, 11, V, VII, IX-XIII) 
[2, 11, 14, 18, 19, 221, inhibitors (AT-I11 and alpha-2- 
antiplasmin) [l,  26, 271 and regulatory proteins (C1 

inhibitor and prekallikrein) [7, 271 are frequently 
observed. In addition, portal hypertension, peripheral 
vasodilatation, and thrombocytopenia are frequently 
found in states of liver cirrhosis [12, 231. Characteristic 
features of hemostatic disorders during standard OLT 
are disseminated intravascular coagulation (DIC) and 
fibrinolysis as well as abnormal platelet counts and 
function [l, 10, 12, 18, 19, 231. These changes can be 
observed during the anhepatic phase of liver transplan- 
tation, but particularly after graft reperfusion. 

The standard technique of OLT, which involves the 
resection of recipient liver along with the retrohepatic 
vena cava [4, 301, may further increase the risk of 
intraoperative bleeding due to the transient caval 
occlusion. Although the introduction of veno-venous 
bypass, which maintains venous blood circulation 
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during the anhepatic stage with caval occlusion, has 
reduced hemodynamic instabilities and intraoperative 
bleeding problems [28, 291, considerable blood loss and 
hemostatic abnormalities are frequently observed [13, 
16, 191. During recent years, the technique of piggyback 
liver transplantation (pOLT) without intraoperative 
occlusion and resection of the retrohepatic vena cava has 
been developed, maintaining physiologic recirculation of 
venous blood during all stages of liver transplantation 
[5, 6, 311. Although the impact of standard OLT on the 
coagulation system has been extensively studied, the 
intraoperative hemostatic imbalances associated with 
pOLT have not been evaluated. Therefore, we retro- 
spectively analyzed general coagulation profiles with 
special emphasis on the extrinsic coagulation pathway as 
well as the substitution requirements during elective 
pOLT, which was routinely performed with prophylactic 
antifibrinolytic administration of aprotinin. 

Material and method 

Between July 1995 and October 1999, a total of 122 liver trans- 
plants were performed at our institution. In 113 cases, pOLT was 
achieved (92.6%). Sixteen patients received multiorgan transplants 
(liver, pancreas, and/or kidney). Two patients were excluded due to 
portal vein thrombosis necessitating portal vein reconstruction. 
Other exclusion criteria were emergency transplantation (n  = 17), 
liver retransplantation (n = 4), primary malignant diseases (n  = 1 I), 
and other liver diseases (liver cysts, Budd-Chiari syndrome, n = 6). 
The remaining 57 patients underwent elective pOLT for endstage 
liver disease with histologically confirmed liver cirrhosis. Patients’ 
demographics, diagnosis, and Child-Pugh scores [24] are summa- 
rized in Table 1. 

The pOLT was performed as previously described [5, 311. Caval 
anastomosis was performed to the recipient hepatic veins without 
cross clamping of the recipient vena cava. During the anhepatic 
phase of liver transplantation, the portal vein of the recipient was 
cross clamped. No temporary portocaval anastomosis was per- 
formed. 

Prophylactic antifibrinolytic therapy was routinely employed. A 
loading dose of 1 million IE aprotinin (Trasylol) was administered 
after induction of anesthesia followed by 500,000 IE per h 

Table 1. Clinical characteristics of 57 patients undergoing elective 
pOLT 

Total, n = 57 

Median age in years (range) 
Sex (female/male) 
Diagnosis 

Alcoholic cirrhosis 
Hepatitis BjC cirrhosis 
Primary biliary cirrhosis 
Primary sclerosing cholangitis 
Hemochromatosis 
Unknown 

Child classification 
A 
B 
C 

51 (17-69) 
17/40 

22 (42%) 

3 (5.2%) 
4 (7%) 
2 (5.5%) 
6 (10.5%) 

7 (12.2%) 
16 (28%) 
29 (50.8%) 

18 (31.5%) 

throughout the operation. In all cases, a heparin-coated cellsaver 
system was used. Erythrocyte concentrates were substituted when 
hemoglobin levels fell below 5 inmol/l (8 g/dl). Coagulation con- 
centrates were substituted when diffuse intraoperative oozing, 
which could not be controlled by surgical means, was recognized in 
conjunction with abnormal coagulation profiles. Thus substitution 
therapy was not guided by strict cutoff values. 

Laboratory monitoring of hemostasis included prothrombin 
time (PT), activated partial thromboplastin time (aPTT), and 
thrombin time (TT), which were routinely determined at the fol- 
lowing time points of pOLT: at the beginning of surgery (I), 10 min 
into the anhepatic phase (11), 10 min after reperfusion of the graft 
(111), and at the end of surgery (IV). In addition, plasma levels of 
factor I, 11, V, and VII and antithrombin I11 were measured using 
standard laboratory methods. All data were retrospectively col- 
lected and analyzed. 

With the exception of PT, which is shown as percent of normal 
activity (normal range 70-1 30%), the international system of units 
(SI) was used. Normal reference values were as follows: factor 11, 
V, VII: 70-130%; ATIII: 80-120%, fibrinogen 1.54.5 g/l, platelets 
150-380 Gpt/l, aPTT 2 9 4 1  seconds (s) and TT 15-22 s. 

The intraoperative substitution (units) of erythrocytes (EC), 
platelets (PI), and fresh frozen plasma (FFP) was recorded. The 
amount of collected and autotransfused cellsaver blood was cal- 
culated in milliliter (ml). The administration of antithrombin 111 
(ATIII, IE) (Atenativ, Kybernin), fibrinogen (Haemocomplettan, 
g), and factors of the prothrombin complex (PPSB) (factor 11, VII, 
IX, X, Prothromplex, Beriplex, IE) were determined. 

All data was tested at each point in time for normal distribution 
using the Kolmogorov-Smirnov test (Lilliefors), placing the confi- 
dence level at 95%. Since normal distribution was not always 
confirmed, results are shown as median values and range to provide 
an objective comparison. The significance of differences between 
nonparametric data was assessed using the Wilcoxon’s signed rank 
test and the Mann-Whitney U test. The chi-squared test (P values 
corrected with Yates method) was used to compare qualitative 
variables. The influence of single coagulation factors on intraop- 
erative blood loss was assessed by one-way regression analysis, 
multiple regression analysis with backward elimination, and Pear- 
son’s correlation. Probability values of P< 0.05 were regarded as 
statistically significant. 

Results 

Changes of the extrinsic coagulation system as generally 
analyzed by PT are shown in Fig. 1. Preoperatively, PT 
had a median of 55% (range 25-95%) in all patients. 
Thereafter, it constantly declined to 28% (range 9-73) 
after reperfusion of the graft (P < 0.05). Only marginal 
improvements were seen at the end of surgery (median 
32%, range 12-77). 

Profound changes were also found within the intrin- 
sic coagulation pathway (Fig. 1). The aPTT steadily 
increased from a median of 52.2 s (range 26.4-78.3 s) 
preoperatively to 110.2 s (range 60.4-237.8 s) after graft 
reperfusion (P < 0.05). At this point in time, aPTT could 
only be measured in 18 of 57 patients (31.5%). 

In contrast, TT showed a sharp increase from normal 
values during the anhepatic phase (median 17.3 s, range 
15-25 s) to a median of 38 s (range 16.7-206.0 s) after 
graft reperfusion (P<O.O5), when TT could only be 
determined in 13 of 57 patients (22.8%). At the end of 
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Fig. 1. Intraoperative changes of prothrombin time (YO), activated 
partial thromboplastin time (s) and thrombin time (s) at different 
time points during pOLT 

surgery, TT rapidly improved to almost normal values 
(median 20 s, range 14.7-33.6 s), whereas aPTT was still 
significantly prolonged, with a median of 99.5 s (range 
41.5-207.8 s). At this point in time, aPTT was measur- 
able in 40 of 57 patients (70%). 

The overall intraoperative changes of single factors of 
the extrinsic coagulation pathway are shown in Fig. 2. 
Starting with suboptimal plasma levels of 43% to 51% 
preoperatively, factor TI, V, and VII activity further 
declined to 20% to 25% after liver reperfusion 
(P < 0.05). With the exception of factor V, the plasma 
levels of factor I1 and VTI slightly recovered at the end of 
surgery. Similar alterations of plasma activity were 
documented for ATIII (Fig. 2). In addition, plasma fi- 
brinogen dropped from a median of 2 g/1 (range 0.5-5.1) 
preoperatively to 1.1 g/l (range 0.3-3) after reperfusion 
( P  < 0.05) without any improvements to the end of sur- 
gery. 

I I I I L O  
pie- anhepatic re- post- 

operative phase perfusion operative 

Fig. 2. Intraoperative changes of coagulation factors I (fibrino- 
gen), 11, V, and V11 and antithrombin 111 (ATIII) at different time 
points during pOLT 

The overall platelet counts were decreased but stable 
throughout pOLT ranging between a median of 65 Gpt/l 
and 73.5 Gpt/l. 

Despite deteriorated hemostasis, the overall substitu- 
tion requirements were low (Table 2). Only 24 of all 57 
patients (42.1 YO) with elective pOLT required an intra- 
operative administration of coagulation components. 
Two patients (3.5%) were solely substituted with EC (two 
units each). Considering a median volume of autotrans- 
fused cellsaver blood of 1089 ml and the usual crystalloid 
infusions (Table 3), the majority of transplants (54.3%) 
could be performed without any intraoperative substitu- 
tion of coagulation factors and EC. The quantitative 
substitution requirements are depicted in Table 3. 

The reasons for the intraoperative therapy with co- 
agulation components and EC in 26 patients are shown 
in Table 4. Substituted patients frequently revealed de- 
creased pre- and intraoperative coagulation profiles as 
compared to nonsubstituted patients, although both 
patient groups were comparable with regard to preop- 
erative Child-Pugh score and the preexisting liver disease 
(data not shown) as well as early postoperative liver 
graft function (Table 5). 

Table 2. Intraoperative substitution therapy in 57 patients un- 
dergoing pOLT. EC erythrocyte concentrate, PI platelet concen- 
trate, ATZZI antithrombin 111, PPSB prothrombin complex, FFP 
fresh frozen plasma, Fib fibrinogen 

Intraoperative substitution N patients 

PPSB + ATIII + FFP + EC +PI + Fib 
PPSB + ATIII + FFP + EC + PI 
PPSB + AT111 + EC +PI 
PPSB + ATIII + FFP + PI 
PPSB + ATIII + FFP + EC 
PPSB + ATIII + EC 
PPSB + ATIII + PI 
PPSB + ATIII 
PPSB + EC 
PPSB + Fib 
ATIII + EC 
ATIII 
PPSB 
EC 
Total 
No substitution 

1 
1 
1 
1 
1 
9 
1 
1 
1 
1 
3 
2 
1 
2 

26 (45.6%) 
31 (54.3%) 

Table 3. Quantitative substitution requirements during pOLT 

Components N patients Median (range) 

Cell saver blood 57 1,089 ml (145-3,377) 
Crystalloids 57 5,000 ml (1 ,OO@ 10,000) 
Antithrombin 111 21 3000 IE (1,000-7,000) 
Prothrombin complex 19 2000 IE (500-6,000) 
Erythrocyte concentrates 19 3 units (2-8) 
Platelet concentrates 5 4.5 units (3-5) 
Fresh frozen plasma 4 4.5 units (3-5) 
Fibrinogen 2 4 g (3-51 
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Table 4. 
(PPSB, ATIII, FFP, EC, P1, Fib) 

Intraoperative changes of different coagulation parameter in patients with and without intraoperative substitution therapy 

Preoperative Anhepatic phase Reperfusion Postoperative 

Nonsubstituted patients 
Substituted patients 

Nonsubstituted patients 
Substituted patients 

Nonsubstituted patients 
Substituted patients 

Nonsubstituted patients 
Substituted patients 

Nonsubstituted patients 
Substituted patients 

Nonsubstituted patients 
Substituted patients 

Nonsubstituted patients 
Substituted patients 

Nonsubstituted patients 
Substituted patients 

Nonsubstituted patients 
Substituted patients 

58 (3495) 
43.5 (25-73)* 

49.1 (26.4-78.3) 
56.6 (33.5-71.4)* 

17.7 (16.2-24.4) 
18.9 (13.6-22.9) 

2.3 (1.14.2) 
1.5 (0.5-5.1)* 

56 (1 1-125) 
34.5 (12-103)* 

55 (32-144) 
40.5 (20-168)* 

50 (15-124) 
26 (11-105)* 

57.5 (26-135) 
38.5 (12-1 16)* 

74 (24-294) 
60 (10458) 

Prothrombin time (YO) 
45 (24-89) 32 (16-73) 
32 (15-56)* 21.5 (9-44)* 

Activated partial thromboplastin time (s) 
55.8 (41.1-102.7) 100 (60.4-232) 
82.4 (39.5-121.8)* 194 (106.9-237.8) 
Thrombin time (s) 
17.1 (15.6-23.7) 33.7 (16.7-148) 
19 (15.1-25) 62.3 (31.5-206) 
Fibrinogen (Factor I) (g/l) 
1.7 (0.44.6) 1.4 (0.6-3) 
1.2 (0.3-3.7)* 1 .O (0.3-2.2)* 
Prothrombin (Factor 11) (YO) 
39 (8-135) 25 (5-84) 
25 (7-80)* 15 (2-72)* 
Factor V (YO) 

28.5 (1 3-85)* 18.5 (744)* 
Factor VII (YO) 

20.5 (6-57)* 15.5 (348)* 
Antithrombin I11 (YO) 

40.5 (23-119) 28 (17-72) 

36.5 (9-119) 25 (5-66) 

39 (18-127) 31 (12-92) 
24 (9-76)* 29.5 (0-107) 

Thrombocytes (YO) 
92 (33-278) 95 (35-232) 
62 (1 1-344)* 54.5 (13-314)* 

32 (14-77) 
28.5 (12-65) 

89.6 (41.5-164.5) 
134.7 (55.4-207.8) 

19.6 (14.7-33.6) 
22.9 (16-32.6) 

1.4 (0.7-3.2) 
1.0 (0.3-3)* 

21.5 (3-87) 
31 (5-115) 

25 (10-82) 
17 (6-39)* 

27 (8-79) 
26 (10-86) 

32 (1 2-95) 
48 (3-1 18)* 

85.5 (36-330) 
57 (24442)* 

*Statistically significant difference between substituted and nonsubstituted patients (Mann Whitney U test, P < 0.05) 

Table 5. Early liver graft function (first postoperative day) after 
pOLT as indicated by aspartate (AST) and alanine (ALT) amino- 
transferase and glutamate dehydrogenase (GLDH). Differences 
between both groups were statistically not significant 

AST ALT GLDH 
(Pmolil) (Pmolil) (nmolil) 

Nonsubstituted 3.9 (1.8-25) 3.93 (1.5-17.7) 1,261 (433-17,140) 

Substituted 4.1 (1-10) 3.7 (1.2-14.8) 940 (1684,009) 
patients (range) 

patients (range) 

With the exception of TT, pre- and intraoperative PT 
and aPTT were significantly worse in substituted pa- 
tients (Table 4). At the end of surgery, PT activity 
reached equal levels in both groups. 

Fibrinogen levels and plasma activity of factor V 
were significantly lower in substituted patients 
throughout the operation. Probably due to the intra- 
operative administration of PPSB, factor I1 plasma 

activity was higher in substituted patients than in non- 
substituted patients a t  the end of surgery, although 
substituted patients had significantly lower factor I1 
plasma activity up to the anhepatic phase. Similar 
changes were observed for ATIII. 

From the anhepatic phase of pOLT onwards, platelet 
counts were significantly lower in substituted than 
nonsubstituted patients (Table 4, P < 0.05), despite 
platelet transfusions in five of 26 substituted patients. 

An association between preoperative fibrinogen and 
ATIII plasma levels and the intraoperative substitution 
therapy was found. Sixteen of 22 patients (73%) with 
preoperative fibrinogen levels of less than 1.7 g/l intra- 
operatively required coagulation concentrates and/or 
EC, as compared to only ten of 34 patients (29%) with 
fibrinogen levels of more than 1.7 g/1 (P<O.O5, chi- 
squared). Furthermore, patients with fibrinogen levels of 
less than 1.7 g/1 and ATIII plasma activity of less than 
50% required substitution therapy in 81 YO (13/16), 
whereas only four of 22 patients (18%) with higher 
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plasma activities received similar transfusions (P < 0.05, 
chi-squared). The addition of other factor activities did 
not improve the predictive value. Cutoff points for fi- 
brinogen and ATIII were deliberately chosen. One way 
linear regression analysis revealed a weak but significant 
association between the amount of collected cell saver 
blood and preoperative fibrinogen levels ( P =  0.026) as 
well as ATIII activity (P=O.O22) (Fig. 3). This was 
confirmed by a significant Pearson's correlation (fibri- 
nogen P=O.O26, ATIII P=O.O16). 

However, in multiple regression analysis with back- 
ward elimination, only ATIII could be identified as 
bearing a statistically significant influence on the intra- 
operative blood loss as indicated by the collected and 
autotransfused cell saver blood (P = 0.048). 

---_________________-------------. 
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Discussion 

The preoperative coagulation profiles with subnormal 
PT and aPTT activity as well as decreased plasma levels 
of coagulation factor I, 11, V, and VII and ATIII un- 
derline the preexisting coagulopathy secondary to the 
liver disease in our patients. This is in line with previous 
studies in standard OLT [l, 18, 19, 221. 

During later stages of liver transplantation, the 
intraoperative substitution regimen becomes an impor- 
tant aspect. Based on close coagulation monitoring, 
many transplant centers continuously substitute coagu- 
lation components to maintain constant coagulation 
profiles [l, 12, 13, 191. Others suggest a more restricted 
substitution regimen, which in first line is guided by 
hemodynamic parameters and in second line by coagu- 
lation profiles. In this setting, factors of the coagulation 
system are primarily substituted in case of intraoperative 
blood loss, which can not be controlled by surgical 
means [9]. A similar substitution regimen was adopted 
for our patients. The low plasma levels of all determined 

~ ~~~ 

coagulation factors throughout the operation reflect this 
policy. Many times, critically decreased levels of coag- 
ulation factors could be tolerated. As a result, the 
majority of pOLT was performed with substitution of 
crystalloids and albumin alone. Only 42% of our 
patients required the intraoperative administration of 
coagulation concentrates. This can be compared to the 
Stanford's group experience, who reported FFP substi- 
tution in only 30% of their patients undergoing pOLT 

In accordance with the experience from standard 
OLT, coagulopathy progressively develops during 
pOLT. Maximal alterations are seen after liver reper- 
fusion. The aPTT shows a 2- to 3-fold prolongation, and 
PT declines to 40% of normal activity. The PT is a 
sensitive indicator for the hepatic synthetic function [ 131, 
which will unequivocally diminish during liver explan- 
tation of the recipients. Within the extrinsic coagulation 
pathway, the decreased factor VII activity after graft 
reperfusion may particularly influence PT activity. 

The aPTT is largely influenced by heparin effects, 
which occurs on reperfusion due to endogenous release of 
heparin from the donor [12, 131. Since FFP and other 
coagulation components were restrictively substituted in 
our patients, a still significantly prolonged aPTT at the 
end of surgery is not surprising. In contrary fashion, if 
coagulation components are deliberately substituted, 
aPTT prolongation is seldom found at the end of surgery, 
as it was demonstrated in standard OLT [l, 14, 18, 191. 

Thrombin time, a useful measurement for fibrinogen 
conversion, stays within the normal range until reper- 
fusion of the graft when a rapid 3-fold increase is rec- 
ognized. This significant prolongation may also be due 
to heparin release by the donor liver [23]. Decreased fi- 
brinogen plasma levels probably play a minor role in TT 
prolongation, since TT rapidly normalizes at the end of 
surgery although fibrinogen plasma levels are still below 
the normal range. 
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Disseminated intravascular coagulation (DIC) and 
fibrinolysis have been described during the anhepatic and 
reperfusion phase in standard OLT [12, 19, 231. Con- 
sumption of extrinsic coagulation factors (11, V, VII, and 
X) is considered to be responsible for the pathological PT 
activity present in 90% of patients with DIC [8]. If DIC 
progresses, the inhibitory capacity of ATIII is exhausted 
and plasma activity decreases [20]. Considering these 
facts, the deteriorated PT, aPTT, and decreased factor 11, 
V, VII, and ATIII activity observed in our patients may 
implicate DIC as a causative factor for the observed 
hemostatic disturbances, particularly in substituted 
patients. However, since fibrin degradation products or 
thrombin-antithrombin complexes (TAT) have not been 
measured, a final conclusion cannot be drawn. 

Severe fibrinolysis occurs on reperfusion in approxi- 
mately 40% of patients undergoing standard OLT and 
becomes clinically apparent by uncontrollable bleeding or 
generalized oozing [15]. It is mainly caused by release of 
plasminogen activator (t-PA) from the grafted liver and 
congested viscera together with a reduction of plasmi- 
nogen activator inhibitor (PAI) [l, 12, 23, 321. From our 
data, which does not include the relevant laboratory 
analysis (i.e., euglobulin clot lysis time, whole blood clot 
lysis time), the impact of fibrinolysis on the hemostatic 
imbalances can not be estimated in our patients. 

Contrary to other studies [9, 251, an association be- 
tween preoperative fibrinogen and ATIII plasma levels 

and the intraoperative substitution with coagulation 
components was observed. Furthermore, preoperative 
ATIII plasma activity correlated with the intraoperative 
blood loss. Our findings probably have to be attributed 
to the restrictive substitution regimen applied in our 
patients. As a result, the influence of single coagulation 
factors on blood loss and substitution therapy might 
become evident. 

Several studies have implicated a positive effect of 
prophylactic antifibrinolytic therapy on the intraopera- 
tive blood loss during standard OLT [19, 20, 211. 
Therefore, a prophylactic regimen with aprotinin 
(Trasylol) was routinely performed. The low substitu- 
tion requirements as demonstrated in our patients may 
further underline this strategy, although no control 
group has been included. In summary, pOLT is associ- 
ated with a marked impairment of the coagulation sys- 
tem. The observed hemostatic imbalances during pOLT 
closely resemble intraoperative coagulopathy known 
from standard OLT [9, 16, 251. However, in our expe- 
rience the majority of pOLT can be performed without 
any substitution of coagulation components using a 
restricted substitution policy, which is primarily guided 
by the coincidence of decreased factor levels and surgi- 
cally evident diffuse oozing. With this strategy, deteri- 
orated laboratory coagulation profiles can often be 
tolerated without increasing the risk of uncontrollable 
bleeding. 

References 

1, Azad SC, Kratzer MAA, Groh J, Welte 
M, Haller M, Pratschke E (1993) In- 
traoperative monitoring and postoper- 
ative reevaluation of hemostasis in 
orthotopic liver transplantation. Sem 
Thromb Hemost 19:233-237 

Nyman D (1979) Quantitative estima- 
tion of coagulation factors in liver dis- 
ease. The diagnostic and prognostic 
value of factor XIII, factor V and 
plasminogen. Thromb Haemost 39:646- 
653 

3.  Bismuth H, Castaing D, Ericzon BG, 
Otte JB, Rolles K, Ringe B, Sloof M 
(1987) First report of the European 
Liver Transplant Registry. Lancet 
2:674-676 

4. Broelsch CE (1993) Implantation of the 
adult donor liver. In: Broelsch CE (ed) 
Atlas of liver surgery. Churchill Liv- 
ingstone, New York, p 168 

2. Biland L, Duckert F, Priesender S, 

5.  Busque S, Esquivel CO, Concepcion W, 
So SKS (1998) Experience with the 
piggyback technique without caval oc- 
clusion in adult orthotopic liver trans- 
plantation. Transplantation 65:77-82 

transplantation in man. I. Observation 
on technique and organization in five 
cases. Br Med J 4535-540 

7. Cohen H, Hunt J, Dixit M, Kanwar S, 
Thomas HC (1993) Decreased contact 
factor mediated fibrinolysis in cirrhosis. 
Br J Haematol 85542-545 

8. Colman R, Robboy S, Minna J (1979) 
Disseminated intravascular coagulopa- 
thy: a reappraisal. Ann Rev Med 

9. Gerlach H, Gosse F, Roissant R, 

6. Calne RY, Williams R (1968) Liver 

301359-374 

Bechstein WO, Neuhaus P, Falke KJ 
(1994) The relevance of perioperative 
coagulation parameters to indications 
for blood transfusion. Analysis of 300 
liver transplantations. Anaesthesist 

10. Himmelreich G, Hundt K, Neuhaus P, 
Roissant R, Riess H (1992) Decreased 
platelets aggregation after reperfusion 
in orthotopic liver transplantation. 
Transplantation 53582-586 

43:168-177 

11. Himmelreich G, Muller C, Isenberg C, 
Bechstein WO, Roissant R, Riess H 
(1993) Factor XI11 activity during or- 
thotopic liver transplantation. Sem 
Thromb Hemost 19:243-245 

12. Kang Y (1997) Coagulation and liver 
transplantation: current concepts. Liver 
Transplant Surg 3:465467 

13. Kang Y (1997) Controversies in liver 
transplant coagulation management. 
Liver Transpl Surg 3:655-659 

14. Kang, Y, Martin DJ, Marquez J, Lewis 
JH, Bontempo FA, Shaw BW, Starzl 
TE, Winter PM (1985) Intraoperative 
changes in blood coagulation and 
thrombelastographic monitoring in liver 
transplantation. Anesth Analg 64:888- 
896 

Russell MW, Bontempo FA, Niren LS, 
Starzl TE (1 987) Epsilon-aminocaproic 
acid for treatment of fibrinolysis during 
liver transplantation. Anaesthesiology 

15. KangY, Lewis JH, Navalgund A, 

661766-773 



316 

16. Krdtzer MA, Dieterich J, Denecke H, 
Knedel M (1 991) Hemostatic variables 
and blood loss during orthotopic hu- 
man liver transplantation. Transplant 
Proc 23:1906-1911 

17. Lewis JH, Bontempo FA, Cornell FW, 
Kiss JE, Larson P, Ragni MV, Rice EO, 
Spero JA, Starzl TE (1987) Blood use in 
liver transplantation. Transfusion 

18. Lewis JH, Bontempo FA, Kang YG, 
Kiss JE, Ragni MV, Spero JA, Starzl 
TE ( 1989) Liver transplantation: intra- 
operative changes in coagulation factors 
in 100 first transplants. Hepatology 

19. Llamas P, Cabrera R, Gomez-Arnau J, 
Nicolas-Fernandez M (1998) Hemosta- 
sis and blood requirements in ortho- 
topic liver transplantation with and 
without high-dose aprotinin. Haemato- 
logica 83:338-346 

20. McLoughlin TM, Greilich PE (1 995) 
Preexisting hemostatic defects and 
bleeding disorders. In: Lake CL, Moore 
RA (eds) Blood: hemostasis, transfusion 
and alternatives in the perioperative 
period. Raven Press, New York, p 57 

27:222-225 

9 :7 10-7 14 

21. Neuhaus P, Bechstein WO, Lefebre B, 
Bumhardt G, Slama K (1989) Effect of 
aprotinin on intraoperative bleeding 
and fibrinolysis in liver transplantation. 
Lancet 113924-925 

22. Owen CA, Rettke SR, Bowie EJ, Cole 
TL, Jensen CC, Wiesner RH, Krom RA 
(1987) Hemostatic evaluation of pa- 
tients undergoing liver transplantation. 
Mayo Clin Proc 62:761-777 

brinolysis in orthotopic liver transplan- 
tation: current views and insights. Sem 
Thromb Hemostasis 19:191-196 

24. Pugh RN, Murray-Lyon IM, Dawson 
JC, Pietroni MC, Williams R (1973) 
Transection of the oesophagus for 
bleeding oesophageal varices. Br J Surg 

25. Ritter DM, Rettke SR, Lunn RJ, Bowie 
EJ, Ilstrup D (1989) Preoperative coag- 
ulation screen does not predict intra- 
operative blood product requirements in 
orthotopic liver transplantation. Trans- 
plant Proc 21:3533-3534 

26. Rodzynek JJ, Urbain D, Leautaud P, 
Wettendorf P, Delcourt A (1984) Anti- 
thrombin 111, plasminogen and alpha- 
2-antiplasmin in jaundice. Clinical use- 
fulness and prognostic significance. Gut 

27. Segal HC, Hunt BJ, Cottam S, Beard C, 
Francis JL, Potter D, Tan KC (1995) 
Changes in the contact system during 
orthotopic liver transplantation with 
and without aprotinin. Transplantation 

23. Porte RJ (1993) Coagulation and fi- 

601646-649 

25: 1050-1056 

591366-370 

28. Shaw BW, Martin DJ, Marquez IM, 
Kang YG, Bugbee AC Jr, Iwatsuki S, 
Griffith BP, Hardesty RL, Bahnson HT, 
Starzl TE (1984) Venous bypass in 
clinical liver transplantation. Ann Surg 
200524-534 

Kang YG, Bugbee AC Jr, Iwatsuki S, 
Griffith BP, Hardesty RL, Bahnson HT, 
Starzl TE (1985) Advantages of venous 
bypass during orthotopic transplanta- 
tion of the liver. Seminars Liver Dis 

30. Starzl TE, Machioro TL, von Kaula 

29. Shaw BW, Martin DJ, Marquez IM, 

5:344-348 

KN, Hermann G, Britain RS, Waddel 
WR (1963) Homotransplantation of the 
liver in humans. Surg Gynecol Obstet 
117:659-676 

Orthotopic liver transplantation with 
preservation of the inferior vena cava. 
Ann Surg 210:649-652 

32. Virji MA, Aggarwal S, Kang Y (1989) 
Alterations in plasminogen activator 
and plasminogen activator inhibitor 
levels during liver transplantation. 
Transplant Proc 21 [Suppl3]:3540-3541 

31. Tzakis A, Todo S, Starzl TE (1989) 




