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CHAPTER 6

ABSTRACT  

Background: Blood loss during orthotopic liver transplantation (OLT) remains a topic 
of concern due to the increased morbidity and mortality associated with transfusion of 
blood products. Antifibrinolytic drugs are frequently used to manage hemostasis during 
OLT. Prophylactic use of the antifibrinolytic drug aprotinin has seized since early 2007 
due to raised concerns for thromboembolic complications, renal failure, and increased 
mortality, eventually leading to market withdrawal of this drug. Since then, antifibrino-
lytic drugs such as tranexamic acid are in many centers only used in selected patients 
during OLT. The aim of this study was to investigate whether the discontinuation of the 
prophylactic use of aprotinin has influenced blood loss and red blood cell (RBC) transfu-
sion requirements during OLT in our center.  

Methods: Blood transfusion records and data on recipient, donor and surgical variables 
for 373 adult patients undergoing primary OLT in our center between 2000 and 2013 
were analyzed and compared for the aprotinin (2000-2007) and post-aprotinin era 
(2007-2013). A multivariable logistic regression analysis was performed to identify risk 
factors for RBC transfusion. 

Results: The proportion of patients without any RBC transfusion decreased from 39% 
in the aprotinin era to 21 % in the post-aprotinin era (p<0.001). The median amount 
of RBC transfusion increased from 2 U (interquartile range (IQR) 0-6 U) in the aprotinin 
era to 4 U (IQR 1-9 U) in the post-aprotinin era (p<0.001). In a multivariable analysis the 
following variables were found to be independently associated with RBC transfusion: ‘no 
aprotinin’ (OR 2.93; 95%CI 1.58-5.44; p= 0.001), recipient age (OR 1.03; 95% CI 1-1.05; p= 
0.015), female recipient gender (OR 2.26; 95% CI 1.25-4.09; p= 0.007), and MELD score 
(OR 1.12; 95%CI 1.07-1.17; p<0.001). In addition, patients with alcoholic liver disease 
had significantly higher risk for RBC transfusion compared to patients with biliary liver 
disease (OR 13.68; 95%CI 3.71-50.45; p<0.001).

Conclusion: RBC transfusion requirements during OLT have significantly increased in 
the era after market withdrawal of aprotinin. These results emphasize the role of hyperfi-
brinolysis in blood loss during OLT and plea for further investigation and reconsideration 
of prophylactic use of antifibrinolytic drugs in patients undergoing OLT.
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INTRODUCTION

Blood loss and transfusion requirements during orthotopic liver transplantation (OLT) 
have dramatically decreased in the past decades due to evolution of surgical techniques, 
a restrictive transfusion policy and a better overall understanding of hemostasis (1). 
Several centers have even reported OLT without the need for any red blood cell (RBC) 
transfusion (1-5). However, because of the increased morbidity and mortality associ-
ated with even the smallest amount transfusion (2,3,5-11), management of blood loss 
and further reducing transfusion requirements of blood products during OLT remain 
relevant in the current day and age. 

Chronic liver disease is associated with changes in several pro-and antihemostatic 
proteins, resulting in a rebalanced yet more fragile hemostatic system, which is easily 
susceptible to disturbance during OLT (12). Hyperfibrinolysis during the anhepatic and 
the post-reperfusion phase of OLT is a well-defined mechanism of increased blood loss 
and has been reported in up to 50-70% of the patients (13-15). Hyperfibrinolysis dur-
ing these phases results mainly from increased plasma concentrations of  tissue-type 
plasminogen activator (t-PA), an important fibrinolysis activator, and decreased activity 
of plasminogen activator inhibitor type 1 (PAI-1) (16).

Besides RBC, fresh frozen platelets (FFP), platelet concentrates and fibrinogen, antifi-
brinolytic drugs play an important role in the prevention and management of blood loss 
during OLT. Antifibrinolytic drugs frequently used during OLT are aprotinin, and lysine 
analogues such as epsilon aminocaproic acid and tranexamic acid. These drugs exert 
their antifibrinolytic effect through the inhibition of plasmin or plasmin formation, an 
important enzyme in the degradation of fibrin. Randomized clinical trials have shown 
that aprotinin reduces intra-operative blood loss by 30-50% in patients undergoing OLT 
(17-19).

Aprotinin was prophylactically used in many centers in patients undergoing OLT until 
2007. Following increasing concerns for thromboembolic events, increased mortality, 
and renal dysfunction reported in literature in cardiac surgery patients, the drug was 
banned by drug regulating authorities and eventually withdrawn from the market by 
the manufacturer. Since then, many liver transplant centers have switched to an ad hoc 
use of tranexamic acid in liver transplant recipients. 

Previously we have reported median transfusion requirements of 7 red blood cell 
(RBC) units during OLT and a transfusion free OLT rate of 26% (3). We conducted a 
retrospective data analysis to investigate whether there has been an increase in RBC 
transfusion requirements after discontinuation of aprotinin, and if so, to which extent 
the discontinuation of aprotinin might be responsible for this increase. 
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METHODS

Study population

A total of 720 consecutive OLTs were performed in our center between January 1, 2000 
and January 1, 2013. After excluding pediatric liver transplantation (age < 18 years; n = 
191), retransplantation (n = 97), and patients undergoing a combined organ transplan-
tation (n = 59), data from 373 primary OLTs in adult patients were analyzed for this study. 
Data on the use of antifibrinolytic drug, demographic variables, patient characteristics, 
donor characteristics, perioperative clinical variables including transfusion require-
ments, and mortality were collected.  Patient data were split into two eras, the aprotinin 
era (2000-2007) and the post-aprotinin era (2007-2013).

Surgical and anesthesiological techniques

The preferred technique for OLT in our center is the piggy-back technique with pres-
ervation of the recipient’s vena cava, without venovenous bypass. The surgical tech-
nique of liver transplantation has not changed in our center during the past decade. 
A restrictive transfusion policy was maintained during OLT in order not to aggravate 
portal hypertension. No specific attempts to lower central venous pressure or to correct 
preoperative international normalized ratio (INR) were made prior to surgery. Blood loss 
was compensated for at a hematocrit <0.25 by transfusion of allogenic RBC. One unit of 
RBC contained approximately 250 mL. Transfusion of FFP and platelet concentrates was 
dictated by ongoing significant bleeding and never solely based on laboratory values. 
One unit of FFP contained approximately 225 mL and one unit of platelet concentrate 
contained approximately 150 mL. 

We distinguished two eras, the aprotinin era in which aprotinin was the antifibrinol-
ytic drug of choice (2000-2007), and the post-aprotinin era (2007-2013). Prior to 2007, 
aprotinin was administered to all patients except those with known thrombophilia, pre-
existing thrombotic conditions, or signs of hypercoagulability on thromboelastography 
during induction of anesthesia. The use of aprotinin in our center was seized in May 
2007 and only two patients received aprotinin between January-May 2007. Hereafter 
tranexamic acid was the antifibrinolytic drug of choice, however the drug was only given 
to two patients with signs of hyperfibrinolysis on thromboelastography and significant 
ongoing blood loss.

Study and outcome variables

We included the following donor variables in our analysis: age, gender, length, weight, 
body mass index (BMI), cause of death, and type of donation (donation after brain death 
(DBD) or donation after circulatory death (DCD)). The following recipients variables were 
included: age, gender, length, weight, BMI, indication for OLT, type of surgical procedure 
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(conventional versus piggyback implantation),  year of transplantation, preoperative 
levels of total serum bilirubin, creatinin, international normalized ratio (INR), model of 
end-stage liver disease (MELD)-score. Other variables included were duration of prean-
hepatic, anhepatic and reperfusion phase, duration of surgery, cold- and warm ischemia 
times. 

The primary outcome variable for this study was RBC transfusion. Other outcome vari-
ables were estimated blood loss (referred to as blood loss), FFP and platelet transfusion, 
and the use of antifibrinolytic drugs. 

Statistical analyses

Continuous variables are reported as medians with interquartile range (IQR) and cat-
egorical variables as numbers with percentages. To analyze differences between the 
aprotinin- and the post-aprotinin era, univariate analysis using the Mann-Whitney U 
test was performed for all continuous variables, and the Chi-square or Fisher’s exact test 
for all categorical variables. To determine risk factors for RBC transfusion (0 and ≥1 unit 
RBC), univariate analysis using the Mann-Whitney U test was performed for all continu-
ous variables, and the Chi-square or Fisher’s exact test for all categorical variables. All 
variables reaching a p-value of ≤ 0.1 in the univariate analysis were included in a multi-
variable logistic regression analysis using backward elimination. All two-tailed p-value 
< 0.05 was considered statistically significant. Data from the multivariable analysis is 
presented as odds values (OR) with 95% confidence intervals (CI). SPSS/PC Advanced 
Statistics Package, Version 20 (SPSS, Chicago, IL) was used to perform the statistical 
analyses for this study. 

RESULTS

Study population

Patient, donor and surgical characteristics for the entire study population are sum-
marized in Table 1. Recipient age, recipient BMI, and the percentage of DCD donation 
were significantly higher in the post-aprotinin era. There were significant differences in 
indication for OLT between the two era’s, with a marked increase in transplantations for 
metabolic disease in the post-aprotinin era. There was no difference in preoperative INR 
or MELD-score. A significant reduction in cold- and warm ischemia times was seen in the 
post-aprotinin era.
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Table 1. Patient, donor, and surgical characteristics of the study groups 

Variables

Total 
population
N= 373

Aprotinin era
N=192

Post-aprotinin 
era
N=181 p-value

Recipient

Age (years) 53 (43-59) 52 (41-57) 54 (44-60) 0.032

BMI 25( 23-27) 24 (22-27) 26 (23-28) 0.009

Gender Female 150 (40%) 84 (44%) 66 (36%) 0.170

Male 223 (60%) 108 (56%) 115 (64%)

Indication for OLT Metabolic liver disease 56 (15%) 22 (11%) 34 (19%) 0.044

Acute liver failure 26 (7%) 11 (6%) 15 (8%)

HCC 8 (2%) 2 (1%) 6 (3%)

Autoimmune hepatitis 21 (6%) 17( 9%) 4 (2%)

Viral hepatitis 48 (13%) 23 (12%) 25 (14%)

Biliary liver disease 99 (26%) 58 (30%) 41 (23%)

Alcoholic liver disease 60 (16%) 31 (16%) 29 (16%)

Cryptogenic liver disease 32 (9%) 17 (9%) 15 (8%)

Miscellaneous 23 (6%) 11(6%) 12 (7%)

MELD-score 16 (12-23) 15 (11-22) 17 (13-25) 0.590

Donor

Age (years) 49 (40-58) 49 (39-57) 50 (40-60) 0.196

BMI 24 (22-26) 24 (22-26) 25 (23-26) 0.130

Gender Female 175 (47%) 95 (50%) 80 (44%) 0.300

Male 197 (53%) 96 (50%) 101 (56%)

Type of donor DBD 296 (79%) 169 (88%) 127 (70%) ≤0.001

DCD 77 (21%) 23 (12%) 54 (30%)

Type of graft Full size 357 (96%) 186 (97%) 171 (94%) 0.311

Reduced or split size 16 (4%) 6 (3%) 10 (6%)

Surgery

Technique Piggyback implantation 324 (87%) 166 (87%) 158 (87%) 0.879

Conventional implantation 49 (13%) 26 (13%) 23 (13%)

Cold ischemia time (min)  460 (406-545) 481 (412-575) 449 (396-521) 0.013

Warm ischemia time (min) 45 (39-51) 47 (40-55) 42 (37-49) ≤0.001

Antifibrinolytics Aprotinin 106 (28%) 105 (55%) 2 (1%) ≤0.001

Tranexamic acid 2 (1%) 0 2 (1%) -

None 249 (67%) 72 (38%) 177 (98%) ≤0.001

Transfusion RBC (units) 3 (0-8) 2 (0-6) 4 (1-9) <0.001

FFP (units) 0 (0-5) 0 (0-4) 2 ( 0-8) 0.003

Platelet (units) 0 (0) 0 (0) 0 (0-1) 0.579

Blood loss (ml) 2700 (1600-5950) 2500 (1475-5200) 3000 (2000-6213) 0.013

 Data represents numbers (percentages) for categorical variables or medians (IQR) for continuous variables. 
The p-value was calculated for differences in variables between the aprotinin- and post-aprotinin era using 
the Mann-Whitney U test or the Chi-square test for categorical variables.  For some variables the total cases 
may be less than 373 reflecting missing data. Abbreviations used: BMI= body mass index; HCC= hepatocel-
lular carcinoma; INR= international normalized ratio; MELD= model of end-stage liver disease; DBD= dona-
tion after brain death; DCD= donation after circulatory death; RBC=red blood cell transfusion; FFP= fresh 
frozen plasma transfusion; EBL= estimated blood loss; MELD=model of end-stage liver disease.
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Transfusion of blood products

RBC transfusion during the course of the study period is illustrated in Figure 1. The 
median amount of RBC transfusion, FFP transfusion and blood loss were signifi cantly 
higher in the post-aprotinin era compared to the aprotinin era (Table 2). There was no 
diff erence in the amount of platelet transfusion between the two eras. The proportion 
of patients with RBC transfusion-free OLT decreased from 39 % in the aprotinin era to 21 
% in the post-aprotinin era (p<0.001).
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Figure 1. Red blood cell (RBC) transfusion requirements in adult patients undergoing primary liver trans-
plantation in the time period 2000 - 2013. Data is presented as box plots, representing medians, interquar-
tile range and 5-95% range.  Aprotinin was discontinuated from 2007 in the University Medical Center 
Groningen.

Table 2. Data on transfusion and estimated blood loss

Total population Aprotinin era Post-aprotinin era p-value

Transfusion RBC (units) 3 (0-8) 2 (0-6) 4 (1-9) <0.001

FFP (units) 0 (0-5) 0 (0-4) 2 ( 0-8) 0.003

Platelet 
(units)

0 (0) 0 (0) 0 (0-1) 0.579

Blood loss (ml) 2700 (1600-5950) 2500 (1475-5200) 3000 (2000-6213) 0.013

Data represents medians (IQR). The p-value was calculated for diff erences in transfusion and blood loss 
between the aprotinin- and post-aprotinin eras using the Mann-Whitney U test.
Abbreviations used: EBL= estimated blood loss; RBC= red blood cell; FFP= fresh frozen plasma.
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Uni- and multivariable analysis of variables associated with RBC transfusion 

Variables associated with RBC transfusion in the univariate analysis were recipient 
age, recipient gender, indication for transplantation, MELD score, cold ischemia time, 
urgency, and use of aprotinin (Table 3).

After multivariable analysis the following independent risk factors for RBC transfusion 
were identified: ‘no aprotinin’, recipient age, female recipient gender, and MELD score 
(Table 4).  For the variable ‘indication for OLT’, we used the group ‘biliary liver disease’ 
as indicator. This analysis revealed that patients with alcoholic liver disease had a sig-
nificantly higher risk for RBC transfusion compared to patients with biliary liver disease. 
There were no significant differences for other indications for OLT and biliary liver 
disease. 

Table 3. Univariate analysis of variables in patients receiving no RBC transfusion and patients receiving ≥1 
RBC transfusion

Variables
no RBC transfusion
n=112

≥1 RBC 
transfusion
N=255 p-value

Recipient

Age (years) 50 (38-57) 54 (46-60) 0.002

BMI 24 (23-27) 25 (23-28) 0.127

Gender Female 36 (32%) 112 (44%) 0.038

Male 76 (68%) 143 (56%)

Indication for OLT Metabolic liver disease 19 (17%) 35 (14%) <0.001

Acute liver failure 3 (3%) 22 (9%)

HCC 0 8 (3%)

Autoimmune hepatitis 11 (10%) 10 (4%)

Viral hepatitis 18 (16%) 30 (12%)

Biliary liver disease 42 (37%) 55 (21%)

Alcoholic liver disease 4 (4%) 56 (22%)

Cryptogenic liver disease 6 (5%) 26 (10%)

Miscellaneous 9 (8%) 13 (5%)

MELD-score 11 (8-15) 17 (11-25) <0.001

Donor

Age (years) 50 (41-56) 49 (37-59) 0.720

BMI 25 (23-26) 25 (22-26) 0.784

Gender Female 55 (49%) 118 (46%) 0.651

Male 57 (51%) 136 (54%)

Type of donor DBD 87 (78%) 200 (78%) 0.842

DCD 24 (21%) 51 (20%)

Domino 1 (1%) 4 (2%)
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DISCUSSION

This study shows an increase in RBC transfusion, FFP transfusion, and blood loss during 
OLT after the discontinuation of aprotinin. In the multivariable analysis ‘no aprotinin’ 
was identified as an independent risk factor for RBC transfusion during OLT. Besides 
aprotinin, recipient age, female gender, MELD score, and transplantation for alcoholic 
liver disease were identified as independent risk factors for RBC transfusion. 

Two other previously reported studies have examined RBC transfusion requirements 
during OLT after the discontinuation of aprotinin. The first study demonstrated a sig-

Table 3. Univariate analysis of variables in patients receiving no RBC transfusion and patients receiving ≥1 
RBC transfusion (continued)

Variables
no RBC transfusion
n=112

≥1 RBC 
transfusion
N=255 p-value

Type of graft Full size 108 (97%) 243 (95%) 0.785

Reduced size 4 (3%) 12 (5%)

Cause of death Trauma 34 (30%) 69 (27%) 0.691

Cerebrovascular 68 (61%) 166 (65%)

Trauma 9 (8%) 17 (7%)

Surgery Piggyback implantation 95 (85%) 224 (88%) 0.501

Conventional implantation 17 (15%) 31 (12%)

Cold ischemia time  (min) 447 (395-513) 464 (410-561) 0.062

Warm ischemia time (min) 46 (39-54) 45 (39-50) 0.524

Urgency Elective 109 (97%) 230 (90%) 0.014

High urgency 3 (3%) 24 (9%)

Aprotinin Yes 39 (35%) 67 (26%) 0.075

No 66 (59%) 181 (71%)

Data represents numbers (percentages) for categorical variables or medians (IQR) for continuous variables. 
For some variables the total cases may be less than 373 reflecting missing data. Abbreviations used: RBC= 
red blood cell transfusion; BMI= body mass index; HCC= hepatocellular carcinoma; MELD= model of end-
stage liver disease; DBD= donation after brain death; DCD= donation after circulatory death.

Table 4. Independent risk factors for RBC transfusion in the multivariable analysis

Variables Odds ratio 95% Confidence Interval p-value

No aprotinin 2.93 1.58 - 5.44 0.001

Recipient age 1.03 1 -1.05 0.015

MELD-score 1.12 1.07 - 1.17 <0.001

Female recipient gender 2.26 1.25 - 4.09 0.007

Alcoholic liver disease 13.68 3.71 - 50.45 <0.001

Abbreviations used: MELD= model of end-stage liver disease.
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nificant increase in RBC transfusion after the discontinuation of aprotinin, consistent 
with our findings (20). The second study showed no significant increase in transfusion 
after discontinuation of aprotinin (21). In this study however, 15% of the patients in 
the post-aprotinin era received tranexamic acid to treat hyperfibrinolysis. In our study 
tranexamic acid was administered in only 2 patients (1%) during the post-aprotinin 
era. No standardized prophylactic antifibrinolytic therapy was used for the remaining 
patients in this era, illustrating the difficulty to assess clinically relevant hyperfibrinolysis 
during OLT. 

The restrictive use of antifibrinolytics in the post-aprotinin era in our center can be as-
cribed to the presumed risk for thromboembolic complications during OLT. Lysine ana-
logues, such as tranexamic acid and epsilon aminocaproic acid, are currently available for 
patients undergoing OLT. In several studies including a large meta-analysis tranexamic 
acid has been proven to be safe and effective in reducing RBC transfusion in patients 
undergoing OLT (22). Head-to-head comparison of aprotinin and tranexamic acid in two 
prospective randomized trials showed no differences in blood loss between the two 
products (23,24). The efficacy of aminocaproic acid in OLT has not yet been established 
but in a meta-analysis investigating the safety and efficacy of antifibrinolytics in patients 
undergoing major surgery, both tranexamic acid and aminocaproic acid were found to 
be effective in reducing blood loss and RBC transfusion, without increasing the risk for 
thromboembolic complications or mortality (25). In a recently published retrospective 
study in the field of OLT, the investigators found no difference in RBC transfusion be-
tween patients treated with epsilon aminocaproic acid and controls (25). However, there 
was a significant decrease in FFP transfusion and blood loss in patients receiving epsilon 
aminocaproic acid. In this study a higher incidence of deep vein thrombosis was found 
in patients treated with epsilon aminocaproic acid, which was confounded by enhanced 
deep venous thrombosis surveillance in the years during which aminocaproic acid was 
used. 

Compared to the lysine analogues, the reported anti-inflammatory and platelet pre-
serving properties of aprotinin may hold an advantage in OLT. Patients with end stage 
liver disease often depict decreased platelet count which diminishes even further dur-
ing surgery (26). Besides inhibiting fibrinolysis, aprotinin inhibits thrombin-mediated 
platelet aggregation, without inhibiting ADP-, collagen-, or epinephrine-mediated 
platelet aggregation which is essential for formation of the hemostatic plug at wound 
and suture sites during surgery (27). The anti-inflammatory effect of aprotinin has been 
ascribed to an inhibition of platelet/neutrophil activation, decreased cytokine secretion, 
inhibition of endothelial cell activation and inhibition of trans-endothelial neutrophil 
and leukocyte migration (28). The platelet preserving and anti-inflammatory properties 
of aprotinin may aid in not only reducing blood loss and transfusion requirements in OLT, 
but also in decreasing inflammation after ischemia/reperfusion injury and transfusion. 
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The withdrawal of aprotinin, following concerns for an increased risk for thrombo-
embolic complications and renal dysfunction, has been heavily debated (29-31). Sev-
eral meta-analyses and a large Cochrane review have found no increased mortality or 
thromboembolic complications associated with aprotinin in patients undergoing major 
surgery and OLT (22,25,30,32).  Currently the ban on aprotinin has been lifted by Health 
Canada and by the European Commission, but only for the indication of cardiopulmo-
nary bypass graft surgery in high risk adult patients in centers that will participate in an 
aprotinin registry (31). The Nordic Pharma Group, which has acquired the worldwide 
rights (with the exception of the Unites States) of aprotinin in 2012 from Bayer, is 
expected to re-launch aprotinin in the European Union in January of 2016. The results 
of the current study justify a reconsideration of the use of aprotinin in liver transplant 
recipients.

In conclusion, RBC transfusion during OLT has significantly increased after market 
withdrawal of aprotinin and this study identified ‘no use of aprotinin’ as a risk factor 
for RBC transfusion. This study underlines the potential of antifibrinolytic therapy 
in decreasing blood loss and transfusion requirements during OLT. Considering the 
promising results of antifibrinolytic therapy in the past in patients undergoing OLT, and 
the absence of evidence for increased thromboembolic complications and renal dys-
function, (prophylactic) antifibrinolytic therapy during OLT in selected patients with no 
established risk factors for thromboembolic complications remains justified. Now that 
aprotinin will become available again for patients undergoing complex cardiothoracic 
surgery, it deserves reconsideration in patients undergoing OLT.
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