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Abstract

AIM: To study the effect of aprotinin used in orthotopic
liver transplantation (OLT) on the intraoperative
requirement for blood products and on the incidence of
laparotomy for bleeding, thrombotic events and mortality.

METHODS: A systematic review of the literature in the
electronic database Medline and the Clinic Trials Registry
Database was performed. Literature that did not fit our
study were excluded. Patients in the reviewed studies
were divided into two groups; one group used aprotinin
(aprotinin group) while the other did not (control group).
The data in the literature that fit our requirements were
recorded. Weighted mean differences (WMD) in the
requirements for blood products between the aprotinin
group and the control group were tested using a fixed
effect model. A Z test was performed to examine their
reliability; the Fleiss method of fixed effect model was
used to analyze data on postoperative events, and odds
ratios (ORs) were tested and merged.

RESULTS: Seven citations were examined in our
study. Among them, a requirement for blood products
was reported in 4 studies including 321 patients, while
postoperative events were reported in 5 studies including
477 patients. The requirement for red blood cells and
fresh frozen plasma in the aprotinin group was statistically
lower than that in the control group (WMD = -1.80 units,
95% ClI, -3.38 to -0.22; WMD = -3.99 units, 95% CI,
-6.47 to -1.50, respectively). However, no significant
difference was indicated in the incidence of laparotomy
for bleeding, thrombotic events and mortality between the
two groups. Analysis on blood loss, anaphylactic reactions
and renal function was not performed in this study due to
a lack of sufficient information.

CONCLUSION: Aprotinin can reduce the intraoperative
requirement for blood products in OLT, and has no
significant effect on the incidence of laparotomy for
bleeding, thrombotic events and mortality.
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INTRODUCTION

Orthotopic liver transplantation (OLT) has become the first
choice approach for the treatment of patients with end-stage
liver diseases'!. However, despite great improvements in
graft preservation, surgical skills, anesthetic techniques and
perioperative management™”, OLT is still associated with
severe bleeding and considerable transfusion requirements,
which in turn greatly contribute to the peri-operative
morbidity and mortality”. Severe bleeding in OLT occurs
for several reasons, among which hemostatic abnormalities
remain a major cause™.

Aprotinin, a serine protease inhibitor, is more and more
commonly being used in surgeries, such as cardiac surgeries
and liver transplantations, to reduce bleeding and the need
for transfusions. A meta-analysis of 12 trials (# = 6206)
of children undergoing cardiac surgery demonstrated
aprotinin reduced the proportion of children receiving
blood transfusions during cardiac surgery with
cardiopulmonary bypass, but had no significant effect
on the volume of blood transfused or on the amount of
chest tube drainage'”. Similarly, a meta analysis of 13 trials
(n = 500) of patients undergoing major orthopedic surgery
demonstrated the pooled blood loss and the amounts of
red blood cell (RBC) units (U) transfused intraoperatively
and peri-operatively were significantly lower among
aprotinin-treated patients than control patients. Moreover,
aprotinin was not associated with an increased incidence
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of deep vein thrombosis"™. However, there are still some
conflicting results on whether aprotinin can reduce blood
loss or the requirement for transfusion in OLT™", and
whether it can be beneficial to postoperative outcomes' "',
The objective of this systemic review was to study the
effect of aprotinin used in OLT on the intraoperative
requirement of blood products, and on the incidence of
laparotomy for bleeding, thrombotic events and mortality.

MATERIALS AND METHODS

Data source

We searched the electronic database of Medline and the
Clinic Trials Registry Database using aprotinin and liver
transplantation as keywords. References cited by other
retrospective articles and related articles or summaries
from foreign journals were searched manually as well.
After initial screening, we examined the titles and abstracts
of potentially eligible trials, and selected those which
met the following predefined inclusion criteria: published
clinical controlled trials on the use of aprotinin in liver
transplantation, English language, adult study population,
with data on (1) the transfusion requirement for blood
products, (2) perioperative mortality and morbidity, (3)
incidence of postoperative thrombotic events and (4)
incidence of laparotomy for bleeding. Citations that did
not fit our study or contained insufficient information
were excluded.

Statistical analysis

We recorded the data that fit our requirements, examined
their heterogeneity, and calculated the weighted mean
difference (WMD) or odds ratio (OR) between the two
groups. All calculations were performed using the software
Review Manager 4.2 (The Nordic Cochrane Centre, The
Cochrane Collaboration 2003, Copenhagen, Denmark).

We used the difference of means (yi) as the effect
scale of the data on requirements of blood products and
examined their heterogeneity (Q < Xz 005, k1, P> 0.05), if
P > 0.05, fixed effect model was used to calculate WMD
and 95% confidence interval (95% CI); otherwise, a random
effect model was used. If the 95% CI included 0, then
there was no significant difference between the two groups.
However, if the 95% CI was greater than 0, then the control
group was supported; otherwise, the aprotinin group was
supported.

We calculated the ORs of the incidence of mortality,
laparotomy for bleeding and thrombotic events, and tested
their heterogeneity (Q < XZ ©0s, k1, P> 0.05). If P> 0.05,
the homogeneity was considered good, and a fixed effect
model was used to calculate the total OR and 95% CI;
otherwise a random effect model was chosen. If 1 was
included in the 95% CI, then there was no statistically
significant difference between the groups. If the 95%
CI was more than 1, the control group was supported;
otherwise, the aprotinin group was supported.

RESULTS
Recording of data

We identified 87 citations in a primary literature search.
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Initial screening

87 citations

‘ Title screened of relevance

50 citations

Review of abstracts based on inclusion
criteria

14 citations

il

‘ 7 excluded for lack of information ‘

7 studies (n = 521)

7'

Studies including postoperative outcomes
(5 studies, n = 477)

Studies including
requirements of
blood products,

(4 studies, n = 321)

Figure 1 Results of article search and selection.

Titles were screened for relevance, eliminating 37 citations,
and then abstracts and contents were read carefully,
leading to the exclusion of a further 36 citations; 7 more
wete excluded because of a lack of information. Finally 7
citations™ """, including 521 patients, were included in our
study (Figure 1). Of these 7 studies, one used tranexamic
acid in the control group[l(’]; two studies contained two
aprotinin groups, a high dose group and a routine dose
group[m’ls]; one study contained two control groups[m; and
two studies used the same samplem’ﬁ], the size of which was
calculated only once.

Effect of aprotinin on RBC requirement
Four citations, including 321 procedures, contained results
on the requirement for blood products including RBCs
and fresh frozen plasma (FFP)!41017,

One of these studies contained two control groups[17
(C1 and C2); Neither aprotinin nor any other antifibrinolytic
agent was used in either group, so we just took C2 as the
control group. Heterogeneity was tested: Q = 8.87, y = 3,
005, 5= 7.81, P < 0.05. As the homogeneity was low, a
random effect model was used: WMD = -1.23 units, 95% CI,
-3.17 to 0.71; no statistical significance was indicated.
Considering one study used tranexamic acid in control
groupm, it perhaps influenced the veracity, so we excluded
that study and tested again, Q = 3.85,y = 2, X2<o.os, 2= 5.99,
P > 0.05, calculated with fixed effect model. It was indicated
the intraoperative requirement for RBCs was significantly
lower in the aprotinin group than the control group (WMD
= -1.80 units, 95% CI -3.38 to -0.22; Table 1A and B).

1

Effect of aprotinin on FFP requirement

The heterogeneity of the 4 citations was low (Q = 13.77,
y=3, sz.as, 3= 7.81, P < 0.05), so a random effect model
was used. No significant difference was indicated (WMD
= -3.13 units, 95% CI -6.79 to 0.53). If the study using
individuals treated with tranexamic acid as a control group
was excluded, the heterogeneity was better (Q = 5.25,
X2 ©005,2 = 5.99, P > 0.05), and a fixed effect model was
chosen. It was indicated the intraoperative requirement for
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Table 1A Volumes of RBCs transfused intraoperatively in the 4

studies

Table 2A Volumes of FFP transfused intraoperatively in the 4

studies

Study Aprotinin group Control group yi (95% CI) Study Aprotinin group Control group yi (95% CI)
Mean SD »n Mean SD n Mean SD 7 Mean SD n
(units) (units) (units) (units) (units) (units) (units) (units)
1 Garcia HL  13.0 8.0 39 144 9.7 41 -1.4(-5.29,249) 1 Garcia HL ~ 26.0 16.0 39 28.0 150 41 -2.00 (-8.80, 4.80)
2 Marcel R] 2.1 2.0 21 3.0 44 23 -0.9(-2.89,1.09) 2 Marcel R] 3.6 35 21 6.6 6.1 23 -3.00(-5.91, -0.09)
3Dalmau A’ 244 3.03 63 214 232 64 0.3(-0.64,1.24) 3 Dalmau A" 1.09 220 63 120 221 64 -0.11(-0.88, 0.66)
4 Llamas P 8.1 5.2 20 13 7.4 30 -4.9(-8.39,-1.41) 4 Llamas P 16.7 104 20 28 14 30 -11.3 (-18.07, -4.53)

'Control group used tranexamic acid.

Table 1B Weighted mean differences (WMDs) in the volumes

of RBCs transfused intraoperatively

'Control group used tranexamic acid.

Table 2B Weighted mean differences (WMDs) in the volumes

of FFP transfused intraoperatively

Heterogeneity WMD Z test 95% CI
Q P (units) YA P
A 8.87 0.03 -1.23 1.24 0.21 -3.17t0 0.71
B 3.85 0.15 -1.80 223 0.03 -3.38 to -0.22

Heterogeneity WMD Z test 95% ClI
Q P (units) z P
A 13.77 0.003 -3.13 1.68 0.09 -6.79 to 0.53
B 5.25 0.07 -3.99 3.14 0.002 -6.47 to -1.50

A: Total results; B: Results with study No. 3 excluded.

A: Total results; B: Results with study No. 3 excluded.

Table 3A Postoperative outcomes of the 5 studies

Study Aprotinin group Control group ORii, 95% CI ORIz, 95% CI ORis, 95% CI
n n n2 n3 n n n2 n3

1James Y 33 0 1 1 30 1 4 2 0.29 (0.01, 7.48) 0.20 (0.02, 1.93) 0.44 (0.04, 5.09)

2 Garcia HL 39 1 2 41 1 8 1.05 (0.06, 17.43) 0.68 (0.11, 4.34)

3 Porte RJ 89 5 7 2 48 5 2 5] 0.51 (0.14, 1.87) 1.96 (0.39, 9.85) 0.34 (0.06, 2.14)

4 Dalmau A 63 1 2 2 64 4 2 4 0.24 (0.03, 2.23) 1.02 (0.14,7.45)  0.49 (0.09, 2.79)

5 Llamas P 20 4 0 50 6 7 1.83 (0.46, 7.35) 0.14 (0.01, 2.60)

n1: Number of deaths; n2: Number of laparotomy for bleeding; 73: Number of thromboembolic events; 'Control group used tranexamic acid.

Table 3B Odds ratios of the postoperative outcomes

Heterogeneity of ORi OR 1 test 95% CI
Q P i« P

Death A 3.32 0.51 0.69 048 >0.05 0.32-1.52
B 221 0.53 0.85 0.06 >0.05 0.36-2.00

Laparotomy A 4.09 0.39 065 044 >0.05 0.29-143
for bleeding B 3.94 0.27 059 057 >0.05 025141
Thrombotic A 0.08 0.96 042 233 >005 0.14-1.30
events B 0.02 0.88 038 175 >0.05 0.09-1.64

A: Total results; B: Results with study No. 4 excluded.

FFP was significantly lower in the aprotinin group than in
the control group (WMD = -3.99 units, 95% CI -6.47 to
-1.50; Table 2A and B).

Effect of aprotinin on postoperative outcomes

As can be seen from Table 3A and B, no significant
difference was indicated in the incidence of laparotomy for
bleeding, thromboembolic events and mortality between
the two groups.

DISCUSSION

Unlike traditional reviews, a meta analysis is a set of
statistical procedures designed to accumulate experimental
and correlational results across independent studies which
address related sets of research questions. The aim of
the meta-analysis is to determine a predefined inclusion
criteria based on the systematic retrieval of literature on
a given topic, and estimate the initial literatures carefully
to ensure minimal bias in terms of the objectivity, validity
and dependability of the results. The efficiency of the
results depends on the choice of statistical method, as
well as the rigidity of each study. In this meta analysis, we
performed a wide search of the literature, identified as
many studies as we could, and tested their heterogeneity (Q
< XZ ©0s, k1), P> 0.05). If homogeneity was good (P > 0.05),
we calculated data with a fixed effect model; otherwise
we used a random effect model. Thus, we consider the
statistical methods we used were correct and rigorous.
Several factors contribute to excessive bleeding
during OLT, including pre-existing coagulopathy in
patients'*™, the procedure of liver transplantation itself,
and the experience of the surgeon. However, hemostatic
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abnormalities due to hyperfibrinolysis remain a major
cause. Hyperfibrinolysis always occurs late in the anhepatic
phase and immediately after the reperfusion of the graft"',
This enhanced fibrinolytic activation is due to an excess
of tissue-type plasminogen activator (t-PA) on account of
the lack of hepatic clearance and its increased release from
the ischemically damaged endothelium, associated with the
consumption of oe-antiplasmin (a2-AP) and plasminogen
activator inhibitor type 1 (PAI 1)***Y, Using a suitable
method to protect blood and control the coagulopathy
of patients can not only reduce the need for transfusions,
reduce the transmission of diseases and immunological
reactions due to the transfusion of banked blood, but also
have great benefit to peri-operative hemodynamic stability.
Several methods can be used to protect blood during
liver transplantation, including transfusion of autoblood,
appropriate body temperature and perioperative use of
blood protective drugs. Aprotinin, a basic polypeptide
and non-specific proteinase inhibitor, can inhibit several
proteases with serine active groups. Recently, aprotinin
became no longer restricted to the treatment of patients
with acute pancreatitis; it is being used more and more
in cardiac surgeries, orthopedic surgeries and liver
transplantations™?’, and is considered the ideal blood
protecting drug;

Aprotinin inhibits kallikrein, reduces the release of
callidin and results in a decrease in the level of t-PA. In a
larger, randomized, double-blind, placebo-controlled study,
Molenaar e al”” compared coagulation [fibrinogen level,
activated partial thromboplastin time (aPTT), prothrombin
time and platelet count| and fibrinolytic variables (tPA
antigen and activity, plasminogen activator inhibitor activity
and D-dimer), as well as thromboelastography results
[reaction time (R), clot formation time, and maximum
amplitude] between an aprotinin group and a placebo
group. They found fibrinolytic activity (plasma D-dimer
and tPA antigen levels) was significantly lower in aprotinin-
treated patients compared with the placebo group, but
coagulation times (aPTT and R) were significantly more
prolonged. It was indicated aprotinin has an anticoagulant
rather than a procoagulant effect. Its blood-sparing
(prohemostatic) effect appears to be the overall result of
a strong antifibrinolytic and a weaker anticoagulant effect.
In our study, it was found that, when normal saline or a
placebo was used in the control group, the requirement
for red blood cells was significantly lower in the aprotinin
group than in the control group (WMD = -1.80 units,
95% CI, -3.38 to -0.22 units; moreover, the requirement
for fresh frozen plasma was also significantly lower in the
aprotinin group than in the control group (WMD = -3.99
units, 95% CI, -6.47 to -1.50). However, no significant
difference was indicated in the incidence of laparotomy for
bleeding, thromboembolic events, and mortality between
the two groups. It was demonstrated aprotinin can reduce
the intraoperative requitement for blood products in OLT.
The effect of aprotinin on blood loss during OLT was not
reviewed in this study because of a lack of information;
more clinic trials are needed for advanced investigation.

As an extraneous protein, aprotinin causes allergies,
which can induce typical allergic reactions in patientslz&zgj,
especially those who use it again. Aprotinin is mainly
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metabolized by the kidney, and it has nephrotoxicity
if used at high doses. The serum creatinine levels in
patients using aprotinin during an operation increased
at 3-5 d postoperatively, indicating an influence on renal
function”. However, it was also reported the number of
patients whose serum creatinine levels increased by more
than 5 mg/L was lower in the aprotinin group than in the
control group. No significant difference was found in peti-
operative creatinine clearance rates'"

There are three causes of thromboembolic events:
Injury of blood vessels, changes in the blood stream,
and coagulation state. It was reported aprotinin can
lead to intravascular thrombosis and thromboembolism
during liver transplantation®. In our study, the OR of
thrombosis was 0.42, the 95% CI was 0.14 to 1.30, and
there was no significant deviation; While the study using
TA as control group was excluded, the OR was 0.38, the
95% CI was 0.09 to 1.64, and there was also no statistically
significant deviation. It appeats aprotinin has no significant
influence upon the incidence of thrombosis in patients
undergoing liver transplantation, possibly due to its strong
antifibrinolytic and a weaker anticoagulant effect.

As a statistical method for investigation, meta analysis
has been used widely, but this method can not eliminate
confounding factors and biases in each study, so the result
could, unavoidably, include a certain bias. In our study, the
dosages of aprotinin were different, and the drugs used in
the control groups wete not the same, all of which could
contribute to bias. In addition, there still exists the “publish
bias”; that is, articles that are published often have a
tendency to have positive results, which could be decteased
by collecting data that is as all-encompassing as possible.

Thus, aprotinin can reduce the intraoperative require-
ment for blood products in OLT and has no significant
effect on the incidence of laparotomy for bleeding,
thromboembolic events and mortality. Of course, further
clinical randomized controlled trials (RCTs) are needed to
confirm this.
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Background

Orthotopic liver transplantation (OLT) is associated with severe bleeding and
considerable transfusion requirements, while severe bleeding in OLT occurs for
several reasons, among which hemostatic abnormalities remain a major cause.

Research frontiers
We performed a meta analysis to study the effect of aprotinin used in OLT on the
intraoperative requirement for blood products and the postoperative outcomes.

Innovations and breakthroughs

This study clearly shows aprotinin can reduce the intraoperative requirement for
blood products and has no significant effect on the incidence of laparotomy for
bleeding, thromboembolic events and mortality.

Applications

Although additional clinical randomized controlled trials (RCTs) are required to
clarify the role of aprotinin in OLT, this study strongly confirms the blood transfusion
reducing effect of aprotinin, which has no significant effect on the incidence of
laparotomy for bleeding, thromboembolic events and mortality.

Peer review
The authors investigated the effect of aprotinin used in OLT on the intraoperative
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requirement of blood products and on the incidence of laparotomy for bleeding,
thrombotic events and mortality, using a systematic review of the literature. They
concluded aprotinin can reduce the intraoperative requirement of blood product
in OLT, and has no significant effect on the incidence of laparotomy for bleeding,
thrombotic events and mortality.
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