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Abstract
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Background and Objective. Several factors seem to
lead to considerable bleeding and transfusion
requirements during orthotopic liver transplantation
(OLT) and postoperatively, but hyperfibrinolysis
appears to be the most important factor. Aprotinin,
a broad-spectrum serine protease inhibitor, has been
shown to inhibit hyperfibrinolytic states.

Design and Methods. A non-randomized, controlled
clinical trial was performed to assess the efficacy of
aprotinin in 20 consecutive OLT procedures (group
A). The results obtained were compared with the
findings in two groups of patients who did not receive
aprotinin: one control group (C1) consisting of the
20 consecutive recipients who underwent OLT imme-
diately prior to group A, and a second control group
(C2) consisting of the 30 consecutive recipients
undergoing OLT immediately after group A. Twenty-
three hemostatic parameters were studied in group
A and C1 and the blood product requirements were
compared in all three group. 

Results. We observed a markedly reduced fibrinoly-
sis in group A during the non-hepatic and reperfusion
phases demonstrated by reduced tissue-type plas-
minogen activator (t-PA), a2 antiplasmin-plasmin
complex (APP) and D dimer levels and an increase
in antiplasmin activity compared to C1 group (p
< 0.05). In vitro experiments showed aprotinin to
have an antiplasmin effect. The intraoperative trans-
fusion of units of RBC and fresh frozen plasma (FFP)
was significantly diminished in group A (8.1 and 16.7
U, respectively) when compared with groups C1
(20.4 and 36.0 U) and C2 (13.0 and 28.0 U) (p <
0.05); there was also a significantly greater number
of patients not requiring intraoperative platelet trans-
fusion in group A (p < 0.05). During the first 5 post-
operative days, the number of patients in group A
who did not require RBC transfusion was signifi-
cantly larger than in groups C1 and C2 (p=0.04). 

Interpretation and Conclusions. In this study, the
inhibition of fibrinolysis associated with the prophy-
laxis with aprotinin, administered in high doses by
continuous intravenous infusion, appears to reduce
the need for blood product transfusion during the
OLT procedure.
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Orthotopic liver transplantation (OLT) has
become the treatment of choice for a large
number of patients with end-stage liver dis-

ease.1 Nevertheless, despite the improvements that
have taken place in graft preservation, surgical and
anesthetic techniques, and the perioperative manage-
ment,2 OLT can be associated with severe bleeding and
considerable transfusion requirements, which in turn
greatly contribute to the perioperative morbidity and
mortality.3

Several factors seem to lead to excessive bleeding
during OLT, but hemostatic abnormalities remain a
major cause.4,5 The hemostatic disorder is multifacto-
rial and is related to a preexisting coagulopathy due to
the underlying liver disease and to the procedure of liv-
er transplantation itself; hyperfibrinolysis appears to
be the most important factor, chiefly occurring late in
the anhepatic phase and immediately after the reper-
fusion of the graft.6 This enhanced fibrinolytic activa-
tion is due to an excess of tissue-type plasminogen acti-
vator activity (t-PA) on account of the lack of hepatic
clearance and its increased release from the ischemi-
cally-damaged endothelium, associated with a con-
sumption of a2-antiplasmin and plasminogen activa-
tor inhibitor type 1 (PAI 1).7-9

Prophylactic antifibrinolytic treatment has not been
regularly employed in OLT. There are two antifibri-
nolytic agents that have been successfully used by some
groups: epsilon-aminocaproic acid (EACA) and apro-
tinin.10,11 The broad-spectrum serine protease inhibitor,
aprotinin (Trasylol®),12 has been shown to reduce both
intraoperative and postoperative bleeding and trans-
fusion requirements in a variety of surgical procedures,
including open heart surgery,13 and it has recently been
used during OLT to prevent excessive blood loss.14

Aprotinin inhibits plasmin and kallikrein at a concen-
tration that clinically can be reached. Besides, it has
also been suggested that aprotinin may preserve
platelet function.15

The aim of this study was to investigate the effects of
aprotinin on the coagulation and fibrinolytic systems
on blood requirements of patients undergoing OLT.



Patients and Methods

Patients
We recruited seventy consecutive adult patients

undergoing OLT for end-stage liver disease between
May 1991 and July 1994. They were included in a
non-randomized controlled clinical trial, designed to
assess the clinical relevance of hyperfibrinolysis during
OLT and to evaluate the role of aprotinin on surgi-
cally-induced fibrinolysis activation. Written informed
consent was obtained, and patients were put into
groups according to date of surgery as follows: control
1 (C1) group, 20 patients May 1991-October 1992);
aprotinin-treated group (A), 20 patients (October 1992-
July 1993); and control 2 (C2) group, 30 patients (July
1993-July 1994). All three groups were comparable
regarding surgical and anesthetic techniques used.
No veno-venous bypass was carried out in any
patient.

Aprotinin regimen
Group A received a loading dose of 23106 kalli-

krein-inhibitory units (KIU) after the induction of
anesthesia, followed by a continuous intravenous
infusion of 0.53106 KIU/h until skin closure (Trasy-
lol®; Bayer AG, Leverkusen, Germany). An addition-
al dose of 50,000 KIU was given per unit of packed
red blood cells (RBC) transfused.

Clinical evaluation
The following clinical variables were evaluated in

each patient: aprotinin-induced side effects, periop-
erative occurrence of infectious and surgical compli-
cations (thrombotic, hemorrhagic and others) devel-
oped in the early postoperative period (within 3
months of post-transplantation); length of surgery;
time to extubation; serum creatinine levels (mg/dL)
preoperatively and in the first month of post-trans-
plantation, and mortality in the first month post-
transplantation. The number of units of RBC, fresh
frozen plasma (FFP) and platelet concentrates (PC)
transfused during the surgical procedure and daily
for the first 5 days post-transplantion were also ana-
lyzed.

Blood product transfusion policy. RBC were trans-
fused to maintain hematocrit >30%. FFP was given in
a 1:1 or 1:1.5 proportion with respect to RBC volume
and according to the degree of coagulopathy (to
keep prothrombin time > 50% normal; i.e. < 20 sec).
PC were given to keep platelets above 503109/L.
Blood components warmed to 37ºC were infused. A
rapid blood infusion was employed (Hemocare PLB
36, Brevets G, Le Boeuf, France) when required. No
cell-saver machine was used.

Sample collection
Eleven blood samples were obtained from each

patient of groups C1 and A during the several phases
of surgery as follows: a) preoperatively; b) in the pre-

anhepatic phase (5 minutes before the beginning of
the anhepatic phase); c) 10 minutes into the anhep-
atic phase; d) at the end of the anhepatic phase (5
minutes before the beginning of revascularization); e)
10 minutes after the reperfusion of the graft; f) 70
minutes after graft reperfusion; and daily for the first
5 days post-surgery (+1, +2, +3, +4, +5).

Assay methods
Twenty-three coagulation and fibrinolysis parame-

ters were determined in each blood sample. Pro-
thrombin activity (PA), aPTT, thrombin time (TT),
fibrinogen (FG) level, platelet count, and hemoglobin
level were immediately analyzed after blood sam-
pling. The remaining parameters were determined lat-
er on in the aliquots of plasma that had been imme-
diately frozen and stored at –70 ºC.

Hemoglobin and platelet count were assessed
using a Coulter Counter S Plus PA, aPTT, TT and FG
were done manually or using an MLA Electra 900.
Quantification of factors II, V, VII, X, VIII:C, IX, XI
and XII was made automatically on a MLA Electra
900 coagulometer (all reagents were supplied by Bax-
ter-Dade, Miami, FL, USA).

Functional activities of antithrombin III (AT III),
protein C (PC), plasminogen (PG) and a2-antiplas-
min (AP) were measured using chromogenic sub-
strate assays (Baxter-Dade). Enzyme-linked immuno-
absorbent assays were used to determine the throm-
bin-antithrombin complex (TAT) (Enzygnost-TAT,
Behringwerke, Marburg, Germany), tissue-type plas-
minogen activator (t-PA) antigen (Coaliza t-PA, Kabi,
Stockholm, Sweden), a2 antiplasmin-plasmin com-
plex (APP) (EIA APP micro, Behring, Marburg, Ger-
many), plasminogen activator inhibitor type 1 (PAI 1)
(Asserachrom PAI-1, Diagnostica Stago, Asnières,
France) and D-dimer (Dimertest EIA kit, American
Diagnostica).

Normal reference values were as follows: coagula-
tion factors II, V, VII, X, VIII:C, IX, XI and XII: 50-
150%, AT III activity: 80-120%, PG: 80-120%, AP: 80-
120%, PC: 70-130%, TAT: 1.0-4.0 ng/mL, t-PA: 1-12
ng/mL, PAI 1: 4-43 ng/mL, D dimer: 0-25 ng/dL,
APP: 80-470 mg/L.

Statistical analysis
The chi-square test (p values corrected with Yates'

method) was used to compare qualitative variables;
the Student t-test was employed to examine differ-
ences among quantitative data. The BMDP Statistical
Software package (UCLA) was used for testing data.
Quantitative data are presented as the mean ± stan-
dard deviation (SD). Significant differences among
groups were studied using a one-way analysis of vari-
ance (ANOVA) for independent samples together
with a multiple comparison among groups (Newman-
Keuls). For differences among samples within patient
groups (repeated measurements), ANOVA for corre-
lating samples and the non-parametric Mann-Whit-
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ney test were performed. P values < 0.05 were taken
as statistically significant. A Pearson correlation was
calculated to show the relationship between transfu-
sion rates and length of the surgical procedure.

Results
All three groups were comparable, with no differ-

ences among them regarding to age, sex, diagnosis of
liver disease, severity of liver disease according to the
Child-Pugh score, cold ischemia time, use of veno-
venous bypass or preoperative hemostatic variables.
The most common underlying liver disease was cir-
rhosis. Patient data are shown in Table 1. Because of
this similarity among groups, we decided to perform
the analysis of the hemostatic parameters only in
groups C1 and A.

Results of the coagulation assays
The preoperative coagulation parameters studied

showed abnormalities in groups C1 and A, with no
significant differences between them (Table 2).
Hemoglobin, platelet count (Figure 1), PA and extrin-
sic pathway coagulation factors (factors VII, X, V, II)
were not significantly different between the two
groups throughout the intraoperative and postoper-
ative periods. During surgery, fibrinogen showed a
slight decrease in both groups until the reperfusion
phase was reached, afterwards falling and resulting in
a lower level in group C1 than in group A (200±62
mg/dL vs 236±72 mg/dL) (p=0.09). In both groups,
pathway coagulation factors were indeed lower than
normal during the surgical procedure, but factors XII,
XI, IX, VIII:C were lower in group A during the reper-

fusion of the graft compared to group C1 (p < 0.05)
(Figure 2). The ratio of coagulation factors V/II
decreased intraoperatively and reached a minimum
during the revascularization period, with no differ-
ences between the two groups. Postoperatively, most
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Table 1. Clinical characteristics of the patients.

Group C1 Group  A Group C2
n=20 n=20 n=30

Age (years) 49±14 (20-66) 46±12 (16-61) 46±7 (16-62)

Sex (M/F) 12/8 13/7 20/10

Diagnosis
liver cirrhosis 18 17 23
cholestasis disease 0 1 2
acute hepatic failure 1 1 2
liver malignancy 1 1 3

Child-Pugh score
A 5 2 2
B 11 10 19
C 4 8 9

Cold ischemia time 6.9±2.7 6±2 6±2
(hours) (4-13) (3-9.5) (3-10)

Were applicable, data were expressed as mean ± SD (range). No statistical-
ly significant differences were seen among groups. 

Table 2. Preoperative coagulation parameters in groups C1
and A.

Coagulation test Group C1 Group A p

Hemoglobin 10.5±1.7* 11±1.4 n.s.
(14-18 g/dL)

Platelets 88±30.7 92±41 n.s.
(150-400 x 109/L)

Prothrombin activity 52±13.5 54.3±13.9 n.s.
(80-100%)

aPTT 46.4±9 47.8±13.5 n.s.
(27-41 seg)

Thrombin time 20.5±3.6 19.5±1.4 n.s.
(18-20 seg)

Fibrinogen 246±65.7 254±83 n.s.
(150-400 mg/dL)

Factor II 54.5±21 53±13 n.s.
(50-150%)

Factor V 41±10 42.4±12 n.s.
(50-150%)

Factor VII 45.4±10 46.9±9 n.s.
(50-150%)

Factor X 64.2±10 63.3±13 n.s.
(50-150%)

Factor VIII:C 85.6±18 82.4±14 n.s.
(50-150%)

Factor IX 53.9±15 51±9 n.s.
(50-150%)

Factor XI 50.8±9 50±14 n.s.
(50-150%)

Factor XII 63.5±15 61.9±8 n.s.
(50-150%)
Protein C 56.6±16 56±14 n.s.
(70-130%)

Antithrombin III 61.8±11 57.7±17 n.s.
(80-120%)

TAT complex 14.4±10 13.9±12 n.s.
(1-4 ng/mL)

Plasminogen 68±21 65±18 n.s.
(80-120%)

Antiplasmin 72±20.8 70±18 n.s.
(80-120%)

t-PA 15±9 15±8 n.s.
(1-12 ng/mL)

APP complex 262±80 250±75 n.s.
(80-470 mg/L)

PAI 1 32±6 35±7 n.s.
(4-43 ng/mL)

D-dimer 22.8±15 23±13 n.s.
(0-25 ng/dL)

*Mean±SD.
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Figure 1. Changes in hemoglobin levels (A) and platelet
count (B) (mean ± SD) during OLT and the first 5 days post-
transplantant. p: n.s. vs group C1.
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Figure 2. Changes in intrinsic pathway coagulation factor levels (mean ± SD) during OLT and the first 5 days posttransplantant. 
*p<0.05 vs group C1. (A) Factor VIII; (B) Factor IX; (C) Factor XI; (D) Factor XII.
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factors were within normal range from day +1; only
factors V and VII remained lower and had not
reached normal values by day +5.

A prolongation of aPTT was noticed in both groups
after the beginning of surgery, more so in group A; it
reached the maximum values at the beginning of graft
reperfusion, and was significantly longer in group A
(p < 0.01). Both groups had a normal aPTT value at
the end of the surgical procedure and throughout the
postoperative period (Figure 3). A similar course was
observed for the TT, but there was only a slight dif-
ference between the two groups during the reperfu-
sion phase (p=0.09) (Figure 3). The prolongation of
TT was corrected by the addition of toluidine blue to
the blood samples. No influence of aprotinin in TT
was observed.

The PC and AT III activity and the concentration of
the TAT complex were similar in both groups during
the surgical procedure; at the end of surgery, we
observed a significant increase in the TAT complex in
group A compared to group C1 (156±41 ng/mL vs
113.9±35 ng/mL). The increase in the TAT complex
was inversely correlated with the ratio V/II (r=
–0.9084; p= 0.012) and with the AT III activity (p=
–0.49: p= 0.31, ns). In the postoperative period, PC
and AT III progressively recovered, reaching their max-
imum levels on day +5 in both groups A and C1. TAT
complex values remained above normal in the early
post-transplant days with no differences between the
two groups (22±17 ng/mL in group C1 and 20±21
ng/mL in group A).

30

50

70

90

110

130

A B C D E F +1  +2 +3  +4  +5

 * * * * *

an
ti

pl
as

m
in

(%
)

Sample point

Control 1 group
Aprotinin group

B

20

40

60

80

100

* * * * *
P

la
sm

in
og

en
(%

)

Sample point

 A  B C  D E F +1  +2 +3  +4  +5

Control 1 group

Aprotinin group

A

0

10

20

30

40

50

t-
P

A
(n

g/
m

L)

* * * *

Sample point

Control 1 group
Aprotinin group

 A  B C  D E F +1  +2 +3  +4  +5

0

20

40

60

80

100

120

140

D
di

m
er

(n
g/

dl
)

* * * *

Sample point

 A  B C  D E F +1  +2 +3  +4  +5

Control 1 group

Aprotinin group

0

1000

2000

3000

4000

A
P

P
co

m
pl

ex
(m

g/
l)

* * *

Sample point 

 A  B C  D E F +1  +2 +3  +4  +5

Control 1 group

Aprotinin group

10

30

50

70

90

110

130

* * * *

Sample point

Control 1 group
Aprotinin group

 A  B C  D E F +1  +2 +3  +4  +5

P
A

I
1

(n
g/

dL
)

C
D

E F
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Results of the fibrinolytic assays
Preoperatively we observed an enhanced fibri-

nolytic activity in both groups C1 and A (Table 2). In
group C1, PG and AP dropped progressively, reach-
ing their lowest levels during the reperfusion phase.
Therefore, in group A, PG remained near the basal
levels until the reperfusion of the graft, and then rose
slightly to 61±11% (p < 0.05), whereas AP activity
reached higher levels than normal (> 100%) after
aprotinin administration and throughout the surgical
procedure (p < 0.05) (Figure 4). Antiplasmin activi-
ty was determined using different concentrations of
aprotinin (25, 50, 100, 200, 300 and 400 KIU/ml) as
samples, and we found a nearly linear correlation
between the aprotinin concentration and antiplas-
min activity. Thus, the higher AP levels in the apro-
tinin group are related to the antiplasmin effect of
aprotinin in addition to the levels of intrinsic a2-
antiplasmin. In both groups, PG and AP activity
reached normal range on days +3 and +1, respec-
tively.

Mean intraoperative levels of t-PA antigen and APP
complex increased in groups A and C1 until the end
of the anhepatic phase (p < 0.05) and both parame-
ters reached their highest values after the reperfusion
of the graft with the exception of t-PA in group A
which dropped slightly (p < 0.05) (Figure 4). At the
end of the surgical procedure, t-PA levels were near
the normal values in group A  but remained signifi-
cantly higher in group C1 (Figure 4). T-PA was slight-
ly elevated on day +1 in both groups, but it fell to nor-
mal range on day +2 in group A and on day +4 in
group C1 (p < 0.05); APP complex showed normal
levels in both groups at day +2.

During surgery, we observed a progressive drop of
PAI 1 in group C1, from 30±7 ng/mL after the initial
period to 18±5 ng/mL after the reperfusion of the
graft; on the other hand PAI 1 remained above basal
levels in group A (p < 0.05). PAI 1 rose beyond nor-
mal levels at the end of surgery in both groups (p
< 0.05), and did not reach normal values at day +5
(Figure 4).

D-dimer increased in group C1 from the anhepatic
phase onwards, peaking at the end of the reperfusion
period (115±27 ng/dL). In group A, the mean D-
dimer concentration was significantly lower during
the anhepatic phase and did not peak during reper-
fusion (61.6±24 ng/dL) (p < 0.05). Thereafter, post-
operatively, D-dimer was significantly lower (p < 0.05)
in group A on days +1 and +2, and was slightly raised
in both groups at day +5 (Figure 4).

Blood component transfusion
There were significantly lower transfusion require-

ments in group A, both in terms of the number of
RBC and FFP units transfused during the surgical pro-
cedure (p < 0.05), and in the number of patients that
did not require separate platelet transfusion (p
< 0.05) compared to both groups C1 and C2 (Table

3). Finally, the only significant difference in blood
requirements during the first 5 days of the postoper-
ative period was in the number of patients who did
not require RBC units: 80% in group A as compared
with 55% in group C1 and 66.6% in C2 (p= 0.04).

Clinical evaluation
Mean time for the surgical procedure was longer in

group C1 (7.7±2.5 h) and in group A (6±2 h) than
in group C2 (4.8±1.6 h) (p < 0.05). There was a sig-
nificant positive correlation between blood product
requirement and length of surgery (p=0.001) in
groups C1 and C2 (r=0.74 and r=0.67, respectively),
while it was not significant in the aprotinin group (r=
0.23; p=0.34).

Average time to extubation and incidence of infec-
tious complications in the early postoperative period
were not different among the three groups (ns). Cre-
atinine levels were similar in the three groups before
and during the first month post-transplant (ns). No
patients in the aprotinin group required a new lapa-
rotomy for postoperative hemorrhage compared to
4 and 3 patients in groups C1 and C2, respectively
(ns). There were 4, 3 and 3 postoperative deaths dur-
ing the first 30 days in groups A C1 and C2, respec-
tively (ns). Patients who died in group C1 received a
higher mean number of RBC units (50.6) than
patients who survived (15 RBC units). No relation of
this kind was observed in groups A and C2. No clin-
ically important side effects, including thromboem-
bolic complications, could be attributed to the high-
dose aprotinin treatment. 

Discussion
Whereas most groups have reported marked fibri-

nolytic activation in patients undergoing OLT and
several studies have found that a high dose of apro-
tinin reduces blood loss in OLT, the effectiveness of
this type of antifibrinolytic therapy is not well estab-
lished.14,16,17

Our results show inhibition of hyperfibrinolysis in
OLT and a significant reduction in blood require-
ments by the intraoperative administration of high-
dose aprotinin in OLT. In most of the previous stud-
ies, a historical group of patients who had not
received aprotinin was used as control group. In this
study, we have introduced a second control group of
patients who underwent liver transplantation after
patients in the aprotinin group, which enable us to
exclude improved perioperative management as the
reason for the reduction in blood loss.

The antifibrinolytic effects of aprotinin were demon-
strated by the significantly reduced t-PA, APP complex
and D-dimer levels during the anhepatic and reperfu-
sion phases in the treated group. These results sug-
gest that aprotinin reduces t-PA release in OLT by
inhibiting plasma kallikrein, as has been previously
reported.18-21 Nevertheless, Segal et al. observed that
the activation of the contact system during OLT is



minimal and that aprotinin does not alter the pattern
of contact activation, despite its antikallikrein effect.22

In our patient group A, antiplasmin activity was
above normal all throughout surgery following apro-
tinin administration. This was probably due to the
antiplasmin effect of aprotinin shown in the antiplas-
min assay, as well as to the intrinsic a2-antiplasmin
activity; thus, aprotinin might neutralize the plasmin
produced by t-PA or kallikrein.18,21,23 By inhibiting
plasmin, aprotinin may prevent the inhibition of
platelet function through the reduction of plasmin-
generated fibrinogen degradation products.24-26 How-
ever, the aprotinin effect on platelets was not ana-
lyzed in this study.

Compared to group A, group C1 patients had a
slightly more evident fibrinolytic activation during the
first five days post-surgery. This could explain persis-
tent postoperative bleeding in some patients of group
C1.

During surgery, and more so during the reperfu-
sion of the graft, a marked impairment in hemosta-
sis was noticed, including a decreased prothrombin
activity, prolongation of aPTT and TT and a decrease
in the coagulation factors and anticoagulant-pro-
teins (AT III and PC). This is in broad agreement with
previous findings.4,5,27 The greater prolongation of
aPTT and TT in group A at the anhepatic and the
reperfusion phases could be explained by the known
additive or synergistic effects of heparin and apro-
tinin, because both of them inhibit the contact phase
of coagulation.28 The presence of heparin in OLT may
be, in principal, due to two facts: firstly, when veno-
venous bypass is used in the anhepatic phase, a small
dose of heparin is sometimes added to the bypass
circuit; secondly, a moderate to severe heparin effect
is seen in one-third of patients after reperfusion
because of the release of heparin or heparin-like
products from the graft.11 In this study, no veno-

venous bypass was carried out in any patient and the
normalization of the prolonged TT with toluidine
blue provides evidence of the presence of circulating
heparin. Besides, we have observed that the greatest
in vitro prolongation of TT in group A is not due to
a direct aprotinin effect.

We noticed a generalized decrease in the coagula-
tion factors level in both groups of patients, with no
significant differences except in the intrinsic pathway
factors (VIII, IX, XI and XII factors), which showed
more prominent decreases in group A at the reperfu-
sion phase. Inhibition of these factors by aprotinin
has been reported, but this rarely happens at the con-
centration reached under clinical conditions.13 It is
possible that these results also reflect the synergism
of aprotinin and heparin, since heparin inhibits these
factors, too. Bellani et al. have related the bleeding
taking place in OLT with the endogenous heparin
which is released during the surgical procedure, not
recognizing any important role for fibrinolytic or
coagulation activation.29 In spite of the above, some
of the observed differences in coagulation parameters
may have resulted from changes in either improved
patient selection, improved organ preservation, or
improved intraoperative technique.

Aprotinin usage reduced the intra- and post-oper-
ative blood requirements in our patient group A com-
pared to groups C1 and C2. Since in our study, group
A was followed by group C2, it is suggested that the
lower blood requirements of group A patients was
not only influenced by a better perioperative man-
agement, but also may explain the decrease in blood
requirements in group C2 compared to C1. The low-
er group A transfusion requirements during surgery
and the first 5 days post-transplant might correlate
with a reduced fibrinolytic activation in this group
due to the antifibrinolytic effect of aprotinin. This
positive effect of aprotinin on blood loss is in agree-
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Table 3. Intraoperative blood requirements. 

Group C1 Group A Group C2 p vs group C1 p vs group C2
n = 20 n = 20 n = 30

Red blood cells (units) 20.4±23.6* 8.1±5.2 13±7.4 < 0.05 < 0.05
(4-105)° (0-22) (2-30)

15# 7 12.5

Fresh frozen plasma (units) 36±25.4 16.7±10.4 28±14 < 0.05 < 0.05
(11-103) (0-40) (0-58)

30 15 27

Platelets (units) 8.4±7.3 3±5 6±5.7 n.s. n.s.
(0-26) (0-14) (0-27)

6 0 6

Patients receiving platelets units (%) 14 (70%) 7 (35%) 18 (60%) < 0.05 < 0.05

*Mean±SD; °(range); #median. Mean an median blood usage are compared between groups A and C1 and between groups A and C2.



ment with the findings of other authors which report
mean transfusion requirements ranging from 7 to 8.2
RBC units, similar to our results (mean 8.4 RBC
units).14,16,17,19,20,30,31 On the other hand, our results
contrast with those of other investigators who did
not find a beneficial effect of aprotinin with respect
to blood requirements.18,32,33

The aprotinin concentration required to inhibit plas-
min activity (100 KIU/mL) appears to be lower than
that required for in vitro inhibition of kallikrein (200
KIU/mL). Thus it is possible that a similar effectiveness
could be achieved with aprotinin by targeting plasmin
inhibition using a lower-dose regimen. We used the
same high-dose aprotinin regimen employed by Hunt
et al.;18 a lower dose has resulted in a similar effective-
ness, decreasing transfusion requirements,34-36 but it is
uncertain whether this smaller dose can be associat-
ed with lesser side-effects including thrombotic com-
plications. There may be an association between
aprotinin and thrombosis. Böhrer et al.37 have report-
ed rapid and unexpected thrombus formation on a
pulmonary artery catheter in 3 patients given apro-
tinin during cardiac surgery and Baubillier et al.38

reported a case possibly implicating aprotinin in the
genesis of a pulmonary artery thrombosis during OLT.
Further studies are necessary to document the inci-
dence of such complications.

We observed no significant side-effects due to the
use of aprotinin. There was a remarkably lower inci-
dence of intra-abdominal bleeding requiring re-lapa-
rotomy in the aprotinin-treated patients, as reported
by Neuhaus et al.14 This might be related to the better
hemostasis achieved with this antifibrinolytic agent. In
contrast to other authors’ reports,16,17 we did not
observe any significant influence of the use of apro-
tinin on postoperative morbidity, but the number of
patients and the design in this study was defined in
order to establish the impact of aprotinin on hemo-
stasis and blood requirements during OLT. To obtain
conclusions about morbidity, recruitment of a larger
group of patients for randomized trials may be neces-
sary.

The length of surgery was shorter in group C2 com-
pared to groups C1 and A, and shorter in group A
than in group C1. This has been attributed to the
improvement in surgical and anesthetic manage-
ment. Correlation was found between surgical time
and the RBC and FFP units transfused in groups C1
and C2, but not in group A. These results suggest,
firstly, that the shorter surgical time in group A can-
not be attributed exclusively to aprotinin usage, but
also to the better surgical technique and secondly,
that the low blood requirements in group A were not
related to the duration of surgery. Given the advances
in surgical and anesthetic techniques and in the peri-
operative management, in our view, the use of apro-
tinin should be preferentially indicated in high risk
patients potentially in need of higher blood require-
ments. Recently, it has been suggested that aprotinin

may improve hemodynamic stability when adminis-
tered during OLT.39

In this study, the prophylactic use of intraopera-
tive high-dose aprotinin appears to be effective in
reducing blood requirements in patients undergoing
OLT. This has been shown to be related to its antifib-
rinolytic effect, which may be due to both antiplas-
min and antikallikrein activities. Randomized trials
are needed to establish the effectiveness of aprotinin
in OLT and its optimal dosage. The observation by
others that lower aprotinin doses are also useful in
OLT deserves further evaluation.
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