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STELL I NGEN 

behorende bij het proefschrift 

Thrombotic Complications in Liver Transplantation 

N. Warnaar 

1. The traditional concept that patients with end-stage liver disease are 

solely prone for bleeding and major blood loss when undergoing invasive 

procedures shou Id be abandoned. 

2. Despite the well-known prolonged coagulation tests, thromboembolic 

complications do paradoxically occur in liver transplantation and have a 

multifactorial pathogenesis 

3. The incidence of pulmonary thromboembolism in patients undergoing liver 

transplantation may even be much higher than reported. 

4. The use of an antifibrinolytic drug is safe and indicated in liver 

transplantation; the time may have come to study the safety and efficacy of 

anticoagulant strategies. 

5. Aprotinin reduces blood loss and transfusion requirements in patients 

undergoing liver transplantation and its temporary withdrawal from the 

market may be reconsidered 

6. Early detection of hepatic artery thrombosis after liver transplantation in 

children by continuous flow monitoring may result in a higher percentage 

successful thrombectomies and therefore salvaged grafts. 

7. Whenever you encounter massive bleeding, the first thing to remember is: 

it's not your blood. - Raphael Adar, Francis Carter 

8 Een chirurgische visie volgens SCH ERP kan leiden tot ametropie. 

9. Traditions should not mean limitations. 
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10. In ecn omgeving waar het geld veelal op de rug verdiencl wordt, kan men 

zich -veelal in alle rust- aangenaam staancle houden. 

11. lndien gemotiveerd, hoeft men zelden gepushed te worden; voor een 

hockeyer een geruststellende gedachte. 

12. De titel arts-assistent devalueert de acaclemische opleiding en is derhalve 

slecht gekozen. 

13. When you have to shoot - shoot, don't talk. - Eli Wallach (Tuco) in: The 
Good, the Bad and the Ugly, 1966 

14. Medical illustrators are optimists. 
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Chapter 1 

General Introduction 



THROMBOTIC COMPLICATIONS IN LIVER TRANSPLANTATION 

INTRODUCTION 

Orthotopic liver transplantation (OL T) is a worldwide-accepted treatment for end-stage acute 
and chronic liver disease. The first OLT in humans was performed by Starzl in 1963. 1 As a 
major surgical procedure challenging the hemostatic system, 2

•
3 OL T historically was 

complicated by excessive blood loss and transfusion requirements. 4
·
5 lntraoperative 

transfusion of red blood cells and platelets, however, has been associated with adverse 
outcome after OLT. 6 To decrease this blood loss and improve hemostatic function, strategies 
such as the development of the piggyback-technique, the use of antifibrinolytic drugs and 
restriction in perioperative fluids have been successfully made use of. In some liver transplant 
centers, OL T can nowadays be performed without any transfusion at all. 7'8 

Now that bleeding problems in liver transplant recipients have become less a clinical 
problem, attention seems to be shifting towards the opposite side of the hemostatic balance. 

Despite clear evidence of an increased bleeding tendency in patients who have cirrhosis, 

many circumstances also promote hypercoagulable states. Therefore, patients with liver 
cirrhosis undergoing transplantation are not exempt from developing thromboembolic 

complications. 9 The effect of liver cirrhosis on hemostasis concerns both pro- and 
antihemostatic pathways; not only do these patients have a deficiency of procoagulant and 
antifibrinolytic factors, but also a deficiency of naturally occurring anticoagulants and 
profibrinolytics. Therefore, the net result is a rebalancing of the hemostatic systeem, albeit 
with more narrow margins, making patients with cirrhosis not only prone for bleeding but also 
for thromboembolic complications. 10 Although these events are well known complications 

after surgical interventions, the occurrence and clinical impact after OLT are not well defined. 
We performed a review of the current insights on the pathophysiology of changes in the 
hemostatic system in patients undergoing liver transplantation (chapter 2). Moreover, clinical 
and pathological correlates of intra- and postoperative pulmonary embolism and intracardiac 
thrombosis described in isolated case-reports have been reviewed (chapter 3). 

This thesis also concerns the incidence of lethal pulmonary emboli during or after liver 
transplantation. Data of liver transplantations performed in 21 countries in Europe are being 
collected in the European Liver Transplant Registry (El TR) since 1968, representing more than 
90% of all European data. 11 An analysis of the ELTR database was performed to provide 
accurate information about the incidence of lethal pulmonary embolism in liver 
transplantation, and to identify possible patient-, donor- or operation-related risk factors 

(chapter 4). 

Thrombosis of the hepatic artery is a serious complication, often requinng immediate 

retransplantation. In children hepatic artery thrombosis (HAT) is one of the most common 
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CHAPTER 1 GENERAL INTRODUCTION 

causes of graft loss after OL T, especially when this occurs within a few weeks after 

transplantation. 12 Immediate surgical thrombectomy with or without thrombolysis is a 

potentially successful treatment to restore arterial blood flow and avoid urgent 

retransplantation. In the study described in this thesis we analyzed long-term outcome in terms 

of morbidity and mortality after different strategies for early HAT in children (chapter 5). 

Antifibrinolytic drugs, such as aprotinin, are frequently used in liver transplantation with the 

aim to reduce intraoperative blood loss. 13 Aprotinin is a natural polypeptide derived from 

bovine lung and a serine-protease inhibitor. It has the ability to reduce fibrinolysis by 

inhibiting the action of a wide range of serine proteases, including plasmin and kallikrein. 14 

The efficacy of aprotinin in reducing blood loss during OL T and cardiac surgery has been 

demonstrated in several studies. 15•19 However, its routine use remains debated and has 

temporarily been discontinued due to safety concerns and a possible higher risk for 

thromboembolic complications. We therefore performed a systematic review and meta

analysis of efficacy and safety endpoints in all clinical studies focussing on the use of 

antifibrinolytic drugs in liver transplantation (chapter 6). 

Besides the discussed effect of aprotinin on thromboembolic complications, its influence on 

the frequent development of renal dysfunction after liver transplantation is subject of 

concern. 20•2 1 Renal dysfunction and failure are among the most common complications of 

OLT, with incidences ranging from 12% to 64%. 22 Aprotinin is eliminated from the 

circulation by the kidneys. After glomerular filtration, aprotinin is actively reabsorbed by the 

proximal tubular cells, where it is stored, metabolized and eliminated in 5-6 days. 23•24 The 

adverse effect of aprotinin on renal function has been explained by either a direct toxic effect 

on the tubular cells 23 or an ischemic effect due to microvascular thrombosis. 21 In a large 

multi-center cohort, the effect of aprotin in on both thromboembolic complications and renal 

function has been analyzed and the results will be discussed in this thesis (chapter 7 and 8). 

Aims of this thesis were: 

1. To review current literature and insights on the hemostatic balance in patients with 

liver cirrhosis and to review the clinical relevance of hypercoagulation in these 

patients. 

2. To study the clinical relevance of central thromboembolic complications, such as 

intracardiac thrombosis and pulmonary embolism, in patients undergoing OL T and 

to identify risk factors for these thromboembolic complications. 

11 
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3. To study the safety of antifibrinolytic drugs in patients undergoing OLT, especially 
regarding the possible risk of thromboembolic complications. 

4 .  To study the role of  urgent revascularization for early hepatic artery thrombosis in 
pediatric liver transplant recipients. 
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THROMBOTIC COMPLICATIONS IN LIVER TRANSPLANTATION 

ABSTRACT 

Hemostatic alterations in cirrhosis i nvolve molecu lar pathways that both promote and stabi l ize 
blood c lotting and pathways that med iate clot d issolution. Orthotopic l iver transplantation for 
end-stage l iver d isease h istorica l ly was a long and risky procedure, accompanied by 
substantial blood loss. The aim of this review paper is to provide an overview of recent studies 
and developments that have gradual ly changed our understanding about the hemostatic 
system and changes that may occur in patients undergoing l iver transplantation. 
Patients with severe l iver d isease not only have a defic iency of procoagu lant and 
antifibri nolytic factors, but also have a deficiency of natural ly occurring anticoagulants and 
profibrinolytics. Studies using modern laboratory technology have shown that thrombin 
generation in these patients is less abnormal "than tradi tional ly bel ieved based on standard 
coagulation tests. In addition, cl i n ical observations ind icated that patients with cirrhosis are 
not protected against thromboembol ic compl ications. 
Hemostatic alterations in c i rrhosis concern both pro and antihemostatic pathways and the net 
resu lt is a reba lancing of the hemostatic system, albeit with narrower marg ins. This del icate 
balance wi l l  become precarious when the system is heavily chal lenged such as during l iver 
transplantation . The ba lance may than be turned to either hypocoagulation or 
hypercoagulation, making patients with cirrhosis both prone to bleeding as wel l  as 
thromboembolic compl ications. 
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CHAPTER 2 Two TALES ON COAGULATION 

INTRODUCTION 

Orthotopic liver transplantation (OL T) is an accepted treatment for end-stage acute and 

chronic liver disease. Historically, OL T was a long and risky procedure, accompanied by 
substantial blood loss and massive transfusion requirements [ 1 , 2 ] .  Perioperative blood loss and 

blood product transfusions have been identified as an important cause of morbidity and 

mortality after OLT [3,4,5] .  The causes of excessive blood loss during OL T have been shown 
to be multifactorial and extensive research in this field during the last few decades has 
significantly increased knowledge about the underlying mechanisms. The traditional concept 

on important contributors to bleeding during OL T include coagulation abnormalities 
secondary to the preexisting liver disease, and procedure-related hyperfibrinolysis, which 

occurs frequently following reperfusion [6,7 ] .  Better understanding of the mechanisms 
responsible for increased blood loss has resulted in the development of specific techniques 

and therapies to improve hemostatic function and to reduce blood loss in these patients. 

Examples of these strategies include the use of the antifibrinolytic drugs, the piggyback 
technique, and the restrictive use of fluids and blood products to avoid fluid overload and 
elevated central venous pressure. This situation has resulted in a steady decrease in blood loss 

and transfusion requ irements in l iver transplant recipients during the last few decades [8,9]. 
Now that bleeding problems in liver transplant recipients have become less a clinical 

problem, attention seems to be shifting towards thromboembolic complications. In parallel 

with a growing interest in the pathogenesis and clin ical impact of thromboembolic 
complications in patients undergoing OL T, there is accumulating evidence that overall 
hemostatic function in patients with cirrhosis may not be as abnormal as traditionally believed 

[10, 1 1], and that patients wi th cirrhosis are not exempt from developing thromboembolic 
complications [12, 1 3]. In fact, several recent studies have shown that liver cirrhosis is often 
associated with hypercoagulation rather than hypocoagulation [ 1 4] .  In addition, there is 

emerging evidence that coagulation is involved in the pathogenesis of cirrhosis [ 1 4]. The aim 
of this review paper is to provide an overview of recent studies and developments that have 
gradually changed our understanding about the hemostatic system and the changes that may 

occur here in in patients undergoing liver transplantation. Focus will not only be on the 
pathogenesis and prevention of excessive intraoperative bleeding, but also on the opposite 
side of the hemostatic  balance: hypercoagulation and thrombotic complications. 

HYPOCOAGULATION AND BLEEDING COMPLICATIONS 

A causal relationship between abnormal hemostasis as a result of end-stage liver disease and 
bleeding has become widely accepted over the years. Patients with cirrhosis do suffer from 
complex haemostatic disturbances, due to abnormalities in blood platelets and both the 

fibrinolytic and coagulation systems [15 ]. These hemostatic alterations result in abnormalities 

1 7  
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in routine diagnostic hemostasis tests such as the bleeding time, the prothrombin time (PT) and 

activated partial thromboplastin time (APTT) in a substantial proportion of patients. Reduced 

platelet number and function often result in prolongation of the bleeding time, whereas 

prolongation of the PT and APTT results from coagulation factor deficiencies. Furthermore, a 

hyperfibrinolytic state is frequently observed, but this is not tested in routine laboratory work

up. Hyperfibrinolysis has been associated with low plasma levels of thrombin activatable 

fibrinolysis inhibitor (TAFI) and increased levels of tissue-type plasminogen activator (tPA), 

which contribute to enhanced conversion of plasminogen into fibrin degrading plasmin 

[6,7, 1 6, 17]. 

Although hemostasis screening tests may all point towards a bleeding tendency, it is 

increasingly debated whether these apparent abnormalities are really associated with the 

development of excessive bleeding [18, 19]. First of all, preoperative coagulation tests do not 

predict intraoperative bleeding [20]. Second, we and others have reported a significant 

reduction in blood loss and transfusion requirements in OL T recipients when abnormal 

coagulation tests were no longer routinely corrected by the infusion of fresh frozen plasma or 

other blood products [8,9] .  Finally, bleeding complications in patients with liver disease are 

not necessarily hemostasis related. The most important bleeding complication, bleeding 

esophageal varices, is not due to hemostatic defects but rather has a mechanical cause. Also, 

bleeding during the course of OLT may be due to the infliction of substantial surgical damage, 

which cannot be controlled properly, also by a healthy hemostatic system. Bleeding during 

OL T may, however, be caused by a disbalance in hemostasis that arises during the procedure 

(e.g. as a consequence of massive tPA release from the graft after reperfusion resulting in overt 

hyperfibrinolysis). Recent laboratory findings confirm the clinical suspicion that hemostasis in 

patients with liver disease is not as severely deranged as previously thought. The traditional ly 

described defects in hemostatic systems appear balanced (at least in part) by reduced levels of 

natural anticoagulants, reduced levels of profibrinolytics, and elevated levels of the platelet 

adhesive protein van Willebrand factor [ 1 0, 1 1 , 18,20,2 1 ,22 ] . It has become clear that classical 

hemostasis tests, such as PT and APTT, are limited by the fact that these tests only measure 

procoagulant systems and are insensitive to alterations in anticoagulant factors. Coagulation 

and thrombin formation are balanced by both the procoagulant and the anticoagulant system. 

The first is triggered by tissue factor, the latter by thrombin itself, which, once complexed with 

thrombomodulin, activates vitamin K-dependent protein C. Activated protein C downregulates 

thrombin generation through inactivation of factor VI I I  and V [23,24]. In patients with severe 

liver disease, however, not only can a deficiency of procoagulant and antifibrinolytic factors 

be observed, but also the naturally occurring anticoagulants (antithrombin, activated protein C 

and tissue factor pathway inhibitor) and profibrinolytics like plasminogen are reduced [ 1 8]. I t  

has been suggested, therefore, that the overal l  result is 'rebalanced hemostasis', as a l l  

hemostatic systems (platelets, coagulation, fibrinolysis) in these patients show defects that 

promote bleeding, but at the same time deviations from normal hemostasis that promote 

1 8  
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thrombosis occur. The hemostatic changes that promote bleeding or thrombosis that may 

occur in primary hemostasis (platelets), secondary hemostasis (the coagulation system), and 

fibrinolysis in patients with liver failure are depicted in Fig. 1. As shown in the f igure, we 

propose that all hemostatic systems are more or less rebalanced, resulting in relatively normal 

hemostatic function. We believe, however, that the balance is more precarious in patients 

with liver failure compared with healthy controls, as patients with liver failure show both 

bleeding and thrombotic problems more frequently. We hypothesize that this more precarious 

balance results from the def iciencies in hemostatic proteins and platelets, as reflected by the 

lower weight on either side of the scale representing the hemostatic balance (Fig. 1) [10, 11]. 

The PT was invented by Quick in 1940 [25] and the APTT by Langdell et al. in 1953 

[26], using the generation of thrombin leading to the formation of a fibrin clot as an endpoint. 

The PT only measures thrombin generated, and therefore fibrinogen converted into fibrin, as a 

function of procoagulant factors, not taking into account the reduction of (thrombin mediated 

by) anticoagulant factors [20,2 1 ] .  When PT is modified, as Tripodi et al. [2 7] have done, by 

adding thrombomodulin to allow full activation of protein C, patients with cirrhosis can 

generate similar amounts of th rombin as controls. Similarly, the fibrinolytic system in patients 

with stable cirrhosis was shown to be not very different from healthy controls when assayed 

with modern technology [11, 15]. Thus, with more sophisticated laboratory tests, thrombin 

generation in patients with liver disease appears to be less abnormal than traditionally 

believed based on standard coagulation tests, such as PT and APTT. These experiments, 

together with the clinical observation that OL T can be performed safely without any correction 

of the prolonged coagulation tests, strongly suggest that the hemostatic system in these patients 

is rebalanced and sufficiently capable of producing hemostatic plugs when required. 

Nevertheless, there remains the occasional patient with severe bleeding complications that 

cannot be ascribed to surgical factors. Reliable laboratory tests that strongly correlate with or 

predict these bleeding complications are not yet available. Although thromboelastography is 

currently considered as the only clinically applicable test that uses whole blood and, 

therefore, includes both pro and anticoagulant factors [28], more robust and reproducible 

methods will be needed. Development of such tests wil I be the challenge for the near future. 

Patients with end-stage liver disease have a bleeding tendency as, for example, is 

illustrated by the risk of variceal bleeding. Other factors, however, such as portal 

hypertension, hyperdynamic circulation, and vessel wal I abnormalities seem to play a more 

important role in the development of bleeding compl ications in patients with c i rrhosis than 

the hemostasis system. 
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(a) Normal 

Normal situation 

(b) 

Normal  

� 

1 
� 

'l) ?
d' 

QJ 0 
QJ (fl 

aj ;;;· 

Situation in patient with liver disease 

Hemostatic changes 
< �

I 
promoting bleeding 

...._ 
'Rebalance' 

•Thrombocytopon,a 
platelet function defects 
• Enhanced production of 
nitric oxido and prostacyclin 

Primary hemostasls 

I'-> Hemostutic chungos 
promoting thrombosis 

v--1----------1 
• Elevated levels ofVWF 
• Decreased levels of 
ADAMTS-13 

• Elevated levels of FVII I • Low levels of coagulation 
factors II, V, VII, IX, X, and 
XI 

Secondary hemostusis • Decreosed levels of protein 
C, prote,n S, antithrombin, 
n2-macroglobulin, and 
heparin cofactor I I 

•Vrtamin K doficioncy 
• Dysflbrinogenemio 

• Low lovols of n2-
ontiplasmin, factor XI II, and 
TAFI 
• Elevated IPA levels 

• Low lovols of plasminogcn 
Fibrinolysis 

Figure 1. Schematic presentation of the balance between pro- and anticoagulant factors in patients 

with liver disease. Both sides of the balance are functionally reduced, resuting in a more or less 

rebalancing of the hemostatic system in these patients, albeit a t  a lower level with smaller margins. 

FVI/I, factor VIII; TAFI, thrombin activatable fibrinolysis inhibitor; tPA, tissue-type plasminogen 

activator; VWF, van Willebrand factor. 
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HYPERCOAGULATION AND THROMBOEMBOLIC COMPLICATIONS 

Despite the well-known bleeding diathesis and prolonged coagulation tests in patients with 

liver disease, thromboembolic complications do paradoxically occur in these patients. The 

thrombotic tendency of patients with liver disease may be explained by the delicately 

rebalanced hemostatic system in these patients as was discussed in the previous paragraph. 

According to Northup et al. [1 31, it is conceivable that even though the hemostatic system in 

patients with a failing liver is rebalanced, the ability of the system to maintain homeostasis 

when stressed is reduced. Thus, the balance between thrombosis and bleeding seems much 

more precarious in patients with liver failure compared with healthy individuals. Furthermore, 

endothelial dysfunction may contribute to a hypercoagulable state in particular vascular beds, 

even in the presence of a systemic hypocoagulable state [1 4]. 

Thromboembolic complications in patients undergoing liver transplantation are not 

new and they have been reported since the very early experiences [29,30] .  In general, 

thromboembolic complications in liver transplant recipients can be divided into two groups: 

liver-related vascular thrombosis, such as portal vein thrombosis and hepatic artery 

thrombosis, and systemic thromboembolic processes, such as pulmonary embolism and 

intracardiac thrombosis [12]. Although surgical factors are often considered a main 

determinant of graft-related vasculature thrombosis, they cannot easily explain the systemic 

thrombotic complications. Furthermore, it has been suggested that thrombotic complications 

in the early postoperative period can also be related to various transplantation related triggers 

that activate coagulation or induce platelet activation [31]. Transplantation-related triggers 

include surgical damage, stasis of blood during clamping of vessels, release of activators from 

the donor liver, and systemic inflammatory responses [ 1 2 ,31 ,32 ]. This ongoing initiation of 

coagulation may not be balanced properly by the anticoagulant and profibrinolytic systems, 

which may result in clinically relevant clot formation in the vicinity of the anastomoses. 

Indeed, a dysbalance between prohemostatic and antihemostatic systems is seen in the first 

days after OLT, resulting in a hypercoagulable state [32]. A more rare explanation can be an 

acquired hypercoagulability, for example due to transplantation of a liver from a donor 

carrying the factor V Leiden mutation, which may increase the risk for immediate graft 

thrombosis [33]. 

Systemic thromboembolic complications, such as pulmonary embolism and 

intracardiac thrombosis in liver transplant recipients, may have different underlying 

mechanisms. Putative etiologies include the migration of thrombi formed around pulmonary 

artery or central venous catheters, or at the site of a transjugular intrahepatic portosystemic 

shunt (TIPS), the use of venovenous bypass, and the use of hemostatic agents (including 

solvent-detergent plasma, fresh-frozen plasma, platelets, recombinant factor Vila and 

antifibrinolytic drugs) [ 1 2 ] .  Also, the 'postoperative fibrinolytic shutdown', a complete lack of 

fibrinolytic capacity immediately after surgery as a result of strongly elevated levels of 
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plasminogen activator inhibitor-1 (PAl-1 ), may contribute. PAl-1 i nh ibits tPA and therefore the 

formation of plasmin out of plasm inogen. As clot disso lution is faci l itated by p lasm in, this may 

predispose to th rombosis risk [1 5,34] . F inally, infectious conditions and sepsis have been 

related to a hypercoagulable state [35 ] .  Th i s  state may not be l im ited to bacteria l  infections. 

Vira l infectious, in particular cytomega lovirus, may cause activation of the vascular 

endothel ium, resulting in activation of hemostasis [3 6] . More research on the pathogenesis of 

system ic thromboembolic compl ications in l iver transplant recipients is needed. 

THE ROLE OF PROHEMOSTATIC AND ANTICOAGULANT AGENTS 

Prohemostatic drugs are frequently used during surgery in l iver transplant recipients and can 

be d ivided into antifibrinolytic agents and the procoagulant d rug recombinant factor VI ia .  

These d rugs can be used either prophylactica l ly or for rescue when there is severe 

uncontro l led b leeding [37 ] .  Anticoagu lant drugs, such as asp i rin ,  are much less frequently 

used, as w i l l be discussed below. 

Antifibrinolytic Drugs 
The scientific basis for the use of antifibrinolytic drugs has been the identification of primary 

hyperfibrinolysis in patients undergoing OLT in the late 1 980s [6,7] . Prophylactic use of 

antifibrino lytic drugs, such as aprotin in  and lysine ana logues including eps i lon aminocaproic 

acid and tranexamic acid, has been proven to reduce peri- operative blood loss in l iver 

transplant recip ients by more than 30% compared with controls [38,39,40-42] .  Despite the 

proven efficacy of antifibrinolytic drugs, routine use of these agents has been debated based 

on safety concerns, main ly focusing on the risk of thromboembolic compl ications [43 ] .  These 

concerns were not supported by a recent systemic review and meta-analysis of a l l  studies on 

antifibrinolytic drugs in l iver transp lantation including over 1 400 patients, which showed no 

increased risk of thromboembol ic events in patients who received antifibrinolytic drugs [39] . 

Additiona l  concerns about aprotinin were evoked by two recent observationa l  studies in  

patients undergoing cardiac su rgery, wh ich suggested that  aprot in in i s  associated with an 

increased risk of postoperative rena l  fa i l u re and mortal ity l44,45 ) . In  a recent large 

observational study [46] in liver transp lant recipients, inc lud i ng 1 043 patients, aprot in in was 

indeed associated with a h igher risk of temporarily renal dysfunction, but not with a higher 

rate of renal  fa i lu re or mortality. Based on the recent safety concern, however, marketing of 

aprotinin has recently been suspended worldwide unt i l  further ana lyses have been performed. 

In the mean t ime, the lysine analogue tranexamic acid seems to be a good a l ternative drug 

that can be u sed when hyperfibrinolytic b leeding occurs in patients undergoing l iver 

transplantation [39] . Although epsi lon aminocaproic acid is more widely used by l iver 

transplant programs in the Uni ted States than tranexamic acid, there is no good scientific 
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evidence for this [39]. Epsilon aminocaproic acid has been studied in only one randomized 
controlled trial and no benefit was shown when compared with placebo [47]. Very few studies 
have focused on the nonprophylactic or 'rescue' use of antifibrinolytic drugs in liver transplant 
recipients and it remains unclear whether these drugs are stil I effective when they are 
administered once overt hyperfibrinolytic bleeding has started [3 7]. More clinical studies on 
the efficacy of an on demand use of antifibrinolytic drugs in liver transplant patients are 
needed. 

Recombinant Factor VI la 

Recombinant factor VI ia (rFVlla) is a true procoagulant agent, initially developed for bleeding 
episodes in patients with hemophilia A and B who developed inhibitors. RFVlla binds to tissue 

factor, stimulating the formation of fibrin, and therefore plays a central role in the activation of 
coagulation [48]. Since its licensing in 1 995, it has been reported in a diverse range of surgical 
procedures associated with a high risk of requiring blood transfusion. The efficacy and safety 

of prophylactic administration of rFVlla during liver transplantation has been investigated in 
two large, placebo-controlled, multicenter trials, but neither study reported a reduction of red 
blood cell transfusion requirements in rFVlla-treated patients compared with controls [49,50]. 

Moreover, in a randomized controlled trial in patients with variceal bleeding, rFVlla was 
effective in only a small subset of patients, leaving the role for (therapeutic or prophylactic) 
treatment unclear [5 1 ]. Currently, there is no evidence to support the prophylactic use of 

rFVlla in patients undergoing liver transplantation; however, there might be a role for the drug 
as 'rescue therapy' in situations of excessive bleeding [52]. 

Anticoagulant Drugs 

As a result of the traditional concept that liver disease and OL T are associated with a bleeding 
tendency and major blood loss, respectively, the use of antihemostatic drugs in these patients 

is minimal as exacerbation of bleeding complications is feared. Now that we realize that 
hemostasis may be rebalanced in many patients with liver disease, and that thrombotic 
complications do occur frequently and may have serious clinical consequences, however, we 

have to reconsider the restricted use of anticoagulant and antiplatelet drugs in these patients. A 
recent study indicated that long-term administration of aspirin following OL T might 
substantially reduce the incidence of late hepatic artery thrombosis without apparent bleeding 

complications [53] . Although these data come from a retrospective study with selected 
patients, these results provide an evidence-based foundation to initiate studies that evaluate 
what effects anti- coagulant or antiplatelet drugs have on the incidence of thrombotic 

complications following liver transplantation. 

Based on the (false) assumption that patients undergoing OL T are protected against 
thromboembolic complications, many centers do not provide postoperative prophylaxis with 

low molecular heparins, as is given to almost every other surgical patient. It is evident, 
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however, that l iver transplant recipients a re also at risk of developing thrombosis and embolic 

compl ications: the question of whether heparin shou ld be used in  these patients needs to be 

revisited. This approach wi l l  requ i re studies that careful ly evaluate the risks and safety of 

routine posttranspla nt anticoagu lation. 

CONCLUSION 

Emerging evidence suggests that the traditional concept of c i rrhotic patients having a bleeding 

tendency, which is related to underlying hemostasis abnorma l ities is not completely correct. 

Innovative testing and laboratory experiments have demonstrated that the hemostasis system 

i n  these patients is not as abnormal  as traditionally assumed based on resu lts of routine 

coagulation test, such as proth rombin time and APTT. Hemostatic a lterations in  cirrhosis 

concern both pro- and antihemostatic pathways and we bel ieve that the net result is a 

reba lancing of the hemostatic system, a lbeit with more narrow margins, but further laboratory 

and c l inical work is requ i red to prove this hypothesis. Th is  delicate balance may become 

p recarious when the system is heavi ly chal lenged, such as during OL T, and the balance may 

than be turned to either hypocoagulation or hypercoagulation .  In addition, hyperfibrino lysis 

may develop, making the c l i n ical p icture more complex. In th is context, patients with cirrhosis 

a re not only at  risk for b leeding, but may a l so develop thromboembolic compl ications. 

Routine correction of abnormal coagu lation tests with the infusion of plasma products is not 

effective and may even increase the bleed ing risk by i nducing intravascular volume overload. 

Future c l in ical research should focus on the development of more uniform and evidence

based transfusion gu idelines for patients u ndergoing l iver transplantation. In addition, the time 

has come to study the safety and efficacy of selective anticoagu lant strategies in l iver 

transplant recipients.  
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THROMBOTIC COMPLICATIONS IN LIVER TRANSPLANTATION 

ABSTRACT 

Pulmonary embol ism (PE) and i ntracardiac thrombosis ( ICT) are rare but potentia l ly lethal 

compl ications during orthotopic l iver transplantation (OL T) .  We a imed to review cl in ical and 

patho logical correlates of PE and ICT in patients undergoing OL T. A systematic review of the 

literature was conducted using MEDLI NE  and ISi Web of Science. 

Seventy-four cases of i ntraoperative PE and/or ICT were identified; PE alone in 32 patients 

(43%) and a combination of PE and ICT i n  42 patients (57%) . Most frequent c l in ical symptoms 

inc luded systemic hypotension and concomitant  rising pulmonary a rtery pressure, often 

leading to complete circu latory col lapse. PE and ICT occurred in every stage of the operation 

and were reported equally in patients with or without the use of venovenous bypass or 

antifibr inolytics. A large variety of putative ri sk factors have been suggested in the l i teratu re, 

inc luding the use of pulmonary a rtery catheters or certa in b lood products. N ineteen patients 

underwent urgent th rombectomy or thrombolysis. 

Overa l l  morta l ity was 68% (50/74) and 41 patients (82%) died intraoperatively . Morta l ity was 

sign ificantly h igher in patients with an isolated PE, compared to patients with a combination 

of PE and ICT (91 % and 50%, respectively; P < 0.001 ) .  lntraoperative PE and ICT during OL T 

appear to have mu ltiple etiologies and may occur unexpected ly at any time during the 

procedu re .  
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INTRODUCTION 

The hemostatic system is a delicate balance between the coagulation, anticoagulation and 

fibrinolytic systems, responsible for the prevention of bleeding as well as thrombosis. 

Orthotopic liver transplantation (OL T) is a major surgical procedure in which the hemostatic 

system is heavily challenged [1,2]. It is well known that the hemostatic balance is frequently 

disturbed during OL T, leading to an increased risk of intraoperative bleeding, whereas 

thrombotic complications are more typically encountered postoperatively [3-5]. Many 

patients undergoing OL T have coagulopathy, characterized by prolonged coagulation times 

and thrombocytopenia, secondary to end-stage liver disease [1,2]. In addition, specific 

changes in the hemostatic system, such as hyperfibrinolysis, may occur intraoperatively [3,4] . 

During the last decade, blood loss and transfusion requirements have diminished substantially 

as a result of increasing experience, improvements in surgical and anesthetic methods, and the 

use of antifibrinolytic drugs [6]. 

In contrast to bleeding complications, thromboembolic complications are less 

frequently encountered intraoperatively during OL T and have received less attention. Recent 

studies have demonstrated that thrombin generation and platelet function may not be as 

abnormal in patients with cirrhosis as we have historically believed [7-9] and 

thromboembolic complications do occur in these patients. Formation of thrombi in the central 

venous and pulmonary circulation seems to occur more frequently during OL T than during 

any other type of major surgery. lntraoperative pulmonary embolism (PE) or in tracardiac 

thrombosis (ICT) have been reported only sporadically in non-oncological patients undergoing 

other types of major surgery, such as orthopedic and cardiovascular surgery [10-12]. Although 

the estimated incidence of PE or ICT in liver transplant recipients is low (around 1-1.5%) 

[13, 14], these complications are potentially fatal, and therefore of great clinical relevance. 

The exact etiology of PE and ICT in patients undergoing OLT, and the clinical and 

pathological correlates remain poorly defined. Therefore, we performed a review of all 

patients reported in the literature, including patients who so far were only briefly reported in 

abstracts. The aim of this analysis was to identify common characteristics and risk factors of 

intraoperative PE and/or ICT. In addition, we studied the therapeutic options and the outcome 

after these complications. 

PATIENTS AND METHODS 

Search Strategy 

To identify the relevant literature, we used computerized literature searches of the National 

Library of Medicine's MEDLINE from 1966 to August 2006, including all languages. The 

search strategy was set up using the words pulmonary embolism, pulmonary infarction, lung 
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embolism, (intra)cardiac thrombosis, cardiac thrombi, in combination with liver 
transplantation. Reference lists of relevant articles were crosschecked for other relevant 

articles. The ISi Web of Science and the Internet (via Google) were searched for additional 
abstracts and proceedings of congresses. 

Patients 

A total of 74 cases meeting our criteria were identified in 32 publications. The first cases of PE 
were reported by Kang et al. [l SJ in 1987, and the most recent was described by Hudcova et 

al. [1 61 in 2006. Of these 74 cases, 43 cases were described in 2 1  case reports 11 3, 1 6-35], 2 1  
were documented in four abstracts [36-39] and 1 0  cases were identified within a series of 
patients undergoing OL T [15,40-45] . In this study we only included central venous 
thromboembolic complications occurring during the transplant procedure itself. For every 
identified case, demographics (age, gender and indication for transplantation), putative risk 
factors, clinical presentation (symptoms, timing, and localization), treatment (thrombectomy 

and/or thrombolysis) and outcome (mortality) were collected. In addition, the use of 
thrombelastography (TEG) was recorded. When cases were only described in an abstract, the 
authors were contacted to obtain relevant missing data. 

Statistical Analysis 

Categorical variables are presented as numbers with percentages. Survival rates were 

compared using a Pearson's chi-square test. A P-value < 0.05 was considered as statistically 
significant. Statistical analysis was performed using the SPSS/PC+ Advanced Statistics Package, 
Version 12.0.2 (SPSS, Chicago, IL, USA). 

RESULTS 

Patient Demographics 

Of the 74 patients identified with intraoperative PE or ICT, 65 (88%) were adults and nine 

(12%) were children. The mean age was 41 years (range 0-63 years). Thirty-one patients 
(42%) were male, 33 patients (45%) were female and in 10 cases the gender was not noted. 
The indications for transplantation were comparable with the average liver transplantation 

population in most countries 146,47] (Table 1 ). In 10 patients, the indication for 
transplantation could not be retrieved. 

Clinical Presentation 

All but one patient (1 %) had signs of PE/ICT at the time of detection of the thromboembolic 
event. Most frequently encountered signs were transient hemodynamic instability 

characterized by systemic hypotension and concomitantly increased pulmonary artery 
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pressure (n=l 7, 23%), or persistent hemodynamic instability not responding to supportive 

therapy and leading to a complete circulatory collapse (n=44, 60%). In 12 cases (16%), the 

signs were not described. In 15 cases (20%), the signs of a PE or ICT were first observed during 

the pre-anhepatic phase, whereas signs were first noted during the anhepatic phase in 19  

cases (26%), and after reperfusion of the donor liver in 22  cases (30%). In 18  cases (24%), the 

exact time of occurrence of the thromboembolic event was not described. 

Table 1 .  Indications for l iver transplantation in patients with intraoperative pulmonary embolism or 
intracardiac thrombus formation. 

Diagnosis 

Postnecrotic cirrhosis 

Hepatitis C virus 
Hepatitis B virus 
Cryptogenic 

Alcoholic 
Autoimmune hepatitis 

Bi liary cirrhosis 

Primary biliary cirrhosis 
Primary sclerosing cholangitis 
Bi l iary atresia 
Caroli's syndrome 

Retransplantation 
Acute l iver fai lure 

Miscellaneous t 

Indication for transplantation not specified 

Number of 
cases 

38 

1 8* 

8* 

6 
7• 

3 

1 2  
4 

0 

7 

1 

6 

5 

3 

1 0  

Percentage 

5 1  

1 6  

8 
7 

4 

1 4  

*Three patients had both hepatitis 8 e n  hepatitis C virus infection, and one patient had both 

hepatitis C virus infection and Laennec's cirrhosis. flncluded in the miscellaneous group are patients 

with hepatocellular carcinoma in a non-cirrhotic liver (n= 7) and non-alcoholic steatohepatitis (n=2). 

Anatomical locations of thrombi and emboli are summarized in Table 2. PE alone was 

identified in 32 cases (43%). A combination of PE and ICT was found in 42 cases (57%). In 3 9  

of these 4 2  patients (93%) with P E  and ICT, thrombi were detected i n  the right atrium. In 

24/42 patients (57%), thrombotic material was also detected in the right ventricle and in 8/42 

patients (19%) thrombi were also found in the left side of the heart. Apart from thrombi or 

emboli in the pulmonary artery and heart, c lots were simultaneously detected in the inferior or 

superior vena cava in 10 patients (24%). In one patient, an extreme, more systemic, formation 

of intravascular thrombosis was observed with clots occurring simultaneously in the inferior 

vena cava, right heart, pu Imo nary artery, but also the renal, internal carotid and cerebral 

arteries [29]. This extreme widespread development of thrombosis was unique and has not 

been reported to this extent in other patients. 
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Table 2. Anatomical local ization and morta lity rate of thrombosis in the pulmonary circulation or 

heart for patients undergoing l iver transplantation. 

Location 

Pulmonary emboli solely 

lntracardiac thrombi and 

pulmonary embol it 

Number of cases 

32 (43%) 

42 (57%) 

Mortality 

29 (91 %) 

21 (50%) 

*Pearson's chi-square test, when comparing the two groups (p<0. 00 7) .  fFor four pa tients, only /CT 

was found, leaving the co-presence of pulmonary emboli unsure. 

The c linical ly suspected diagnosis of PE or ICT was confirmed by intraoperative 

transesophageal echocardiography (TEE) i n  39  patients (53%) and at autopsy in 1 8  patients 

(24%; see Fig. 1 ). In one patient, the diagnosis was confirmed by both intraoperative TEE and 

during autopsy. In a smal l  subset of patients (n = 7; 10%), the diagnosis was based on typical 

signs and the c linical course only. In the remaining n ine patients (12 %), the diagnost ic method 

could not be retrieved. 

-
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Figure 7. Still images of intraoperative transesophageal echocardiography (TEE) in a patient 

undergoing liver transplantation, showing a large free floating clot (white arrow) attached to the 

pulmonary artery catheter (PAC) in the right atrium. Arrowhead: acoustic shadow of the PAC. 
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Putative Risk Factors 

Various putative risk factors for the development of PE or ICT during OL T have been 
suggested. The most frequently described risk factors were venovenous bypass [13, 15, 1 8,23-
25,29,30,32,34-36,38-40,45] and the use of antifibrinolytic medication 
[1 3, 1 7, 1 9,21 ,23,25,26,28-32,34-39,42-44). However, PE and ICT have been reported in 

almost an identical number of patients with or without these two putative risk factors (Table 3). 
An antifibrinolytic drug was administered intraoperatively to 38 patients (5 1 %). Aprotinin was 
used for 18 patients (24%), epsilon aminocaproic acid (EACA) for 18 patients (24%), and both 

drugs were administered to two patients (3%). Thirty-four patients (46%) did not receive any 
antifibrinolytic medication. 

Although some authors have tried to emphasize the critical role of other risk factors, 

such as the use of pulmonary artery catheters [1 7,20,25,26,35) or certain blood products 
[24,31,34,36,3 71 ,  none of these or other putative risk factors appeared to be universally 
present in a high percentage of the patients (Table 3). 

Table 3. Summary of putative risk factors for pulmonary embolism a nd i ntracardiac thrombosis 
during liver transplantation 

Variable 

Venovenous bypass 
Used 
Not used 
Not specified 

Antifibrinolytic medication 
Used 
Not used 
Not specified 

Miscellaneous conditions 
Pulmonary artery catheter 
Solvent detergent plasma 
Octreotide 
Hepatitis B immunoglobulin 
Disseminated intravascular coa ulation 

Use of Thrombelastography 

Number of cases 

29 (39%) 

35 (47% 

1 0 (1 4%) 

38 (5 1 %) 

34 (46%) 

2 (3%) 

1 3  (1 8%) 

6 (8%) 

5 (7%) 

4 (5%) 

3 (4%) 

For 22 patients, the use of TEG was described. Signs of hypercoagulability were detected by 

TEG in eight of these patients. In four other patients, the blood sample had clotted 
immediately after drawing and before TEG could be performed, possibly indicating 
hypercoagulability. Unfortunately, however, many centers did not routinely use TEG and 

recordings were not available for many patients. 
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Treatment and Outcome 

Overal l  mortal ity was 68% (50/74) and 41 patients (82%) died intraoperatively. Mortality was 

significantly h igher in patients with an isolated PE, compared to patients with a combination 
of PE and ICT (91 % and 50%, respectively; P < 0.001 ; see Tabl e 2). 

Al l  patients received conventional supportive therapy, including extra intravenous 

fluids, inotropic medication, and/or heparin. A more aggressive treatment with either urgent 
thrombectomy or thrombolysis was reported for 1 9  patients (26%). Mortal i ty was lower in 
patients who underwent urgent thrombectomy and/or thrombolysis, compared to patients who 

received only supportive therapy, but this did not reach statistical significance (53% vs. 71 %; 
P = 0.152). 

DISCUSSION 

We were able to identify 74 patients in the literature in whom a liver transplant procedure was 
complicated by intraoperative PE and/or ICT. Although various putative causes and risk factors 
have been suggested by different authors, the findings of this review suggest a multifactorial 

pathogenesis. 
The two potential risk factors most frequently associated with PE or ICT were the use of 

venovenous bypass and the use of antifibrinolytics. A causative role of venovenous bypass in  

the development of PE or  ICT has been suggested on the basis of simultaneous occlusion of  
the bypass circuit and the occurrence of a thromboembolic event [26,27,36,45]. Exposure of  
blood to the foreign surface of  the tubing system is  a well-known trigger for activation of 

coagulation, despite the coating with heparin [48]. In contrast, some investigators have 
suggested that venovenous bypass reduces the risk of PE by reducing stasis of blood in the 
inferior vena cava during the anhepatic phase (49,50].  Importantly, venovenous bypass was 

not used for 47% of the reported patients with PE and/or ICT. A lthough this does not exclude 
venovenous bypass as a risk factor for this type of thromboembolic complication, it shows that 
this complication may also occur without the use of venovenous bypass. 

An association between intraoperative PE and ICT and the use of antifibrinolytic drugs 

has been suggested by several authors [1 7, 1 9,21 -23,25,26,28-32,34,35,37,44,5 1 ]. However, 
in the current review of 74 patients with PE and/or ICT, 34 (46%) did not receive any 

antifibrinolytic drug [13, 1 5, 1 6,20,22,24,27,36,40,41 ,43].  These numbers may even be 
influenced by a reporting bias, as it is likely that thrombotic complications are less frequently 
reported when no potential cause can be identified or  when no antifibrinolytic drug is given to 
the patient. In a recent systematic review of all randomized controlled trials, including 1407 
patients, no difference in the incidence of thrombotic complications was found between 
patients who received a placebo or an anti f ibr inolytic drug during OL T [52]. In the current 

review, a cause-effect relationship between antifibri nolytic medication and the development 
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of PE or ICT in liver transplant recipients could also not be established or refuted. 
Nevertheless, some investigators have warned against using prophylaxis with antifibrinolytic 

drugs for patients with a (near) normal coagulation profile or signs of hypercoagulability either 
before or during OLT (29,53]. 

Which other putative etiologies of these potentially fatal complications have been 

proposed? Several authors reported the possibility of migration of thrombi formed around the 
pulmonary artery or central venous catheters (17,20,25,26,35 ] ,  or at the site of a transjugular 
intrahepatic portosystemic shunt (TIPS) (33,34] . The relevance of this, however, is difficult to 

interpret, as all patients undergoing OL T have indwelling central lines, while PE and ICT are 

rare complications. Sepsis and disseminated intravascular coagulopathy (DIC) have also been 
pointed out as possible causes [24,30,34]. 

Unfortunately, DIC is a diagnosis that is difficult to make for surgical patients, especially those 
with cirrhosis and associated clotting disturbances (54]. Infectious conditions, however, are a 
well-defined and strong risk factor for thrombotic events, and this effect may last for weeks 

after the septic episode [55,56]. Other suggested risk factors are certain drugs and blood 
products, such as hepatitis B immunoglobulin (24,31,34] ,  the combination of aprotinin and 
octreotide (37],  solvent-detergent plasma (36], and large volumes of cryoprecipitate, fresh 

frozen plasma or platelet concentrates (20,21,23] .  The potential role of acquired and 
congenital thrombophilia disorders, such as protein C, protein S, or antithrombin I l l  
deficiencies or factor (F )  V Leiden mutation, has been investigated in only a small number of 

patients [17,27,29,32]. However, in general, FV Leiden is not associated with an increased 

risk of PE for surgical patients, and congenital thrombophilia disorders are thought to play only 
a minor role in the development of thromboembolic complications in these patients (57,58]. 

The overall mortality in the reported cases is high (68%). This analysis suggests that a 
combination of ICT and PE has a better prognosis than an isolated PE. We speculate that if 
clots occur simultaneously at multiple sites, this has a different, more systemic, etiology and a 

worse prognosis than clots arising at a single location. A systemic triggering factor could also 
explain the concurrent development of clots in the left side of the heart in some patients. 

Another explanation for the differences in mortality could be that ICT is rapidly detected by 
TEE, which could have contributed to earlier and more goal-directed therapy in patients with 

ICT, compared to those with PE alone. Survival rates were higher when aggressive therapies 
were initiated, compared to supportive therapy alone, although this did not reach statistical 
significance. 

Now that massive bleeding is much less frequently encountered during OL T, it is 
becoming clear that not all patients with end-stage liver disease suffer from hypocoagulability 

and in fact some have signs of hypercoagulability (9, 13]. A hypercoagulable state can easily 
be missed when only conventional coagulation tests are used. Although TEG has been 
suggested as an easy to use point of care test for hypercoagulability [9,291, this method is not 

universally accepted by all centers and more research in this area is warranted. 
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This study has two important l imitations. Fi rst of a l l ,  it is not possible to estimate the 

preva lence of PE and ICT during l iver transplantation based on the current review. Secondly, it 

is poss ib le that patients with minor symptoms have not been reported. Subclinical pulmonary 

thromboembol ism may not be uncommon upon graft reperfusion and an  incidence rate of 1 % 

has been reported for PE after OL T [1 2 ,  1 3] .  In a recent review of 720 l iver transplants 

performed at Northwestern Un iversity in  Ch icago, 1 0  patients suffered intraoperative PE or 

ICT, suggesting an overa l l  incidence of about 1 .5%. Others have reported a much h igher 

incidence of 6.2%. However, this percentage was based on a rather sma l l  series of 64 

transplants performed over a two-year time period [22 ] .  

I n  conc lusion, intraoperative P E  and ICT may occur during any stage of a l iver 

transp lant  procedure. These thromboembolic compl ications appear to have mul tiple etiologies 

and a re associated with a high morta l ity rate. 
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THROMBOTIC COMPLICATIONS IN LIVER TRANSPLANTATION 

ABSTRACT 

Surgica l patients a re at risk for venous thromboembolic compl ications, such as pu lmonary 

embol ism (PE). Patients undergoing orthotopic l iver transplantation (OL T) frequently have 

coagulopathy, suggesting that they a re natura l ly "protected" against thromboembolic 

compl ications. Recent reports, however, have indicated that patients with cirrhosis are not 

only prone for bleeding, but a lso have an increased risk for thromboembol ism. Aim of this 

study was to estimate the incidence of lethal  PE in  patients undergoing OL T and to determine 

risk factors for PE in these patients. 

Using the European Liver Transplantation Registry (EL TR) we identified 83 patients who were 

transplanted between 1 994 and 2 004 and who died from a PE .  Questionnaires were sent to 

the transplant centers to obta in additiona l  c l i n ical data. A control group (n=l 66) was 

assembled, consisting of each previous and fol lowing transp lant recipient i n the same center. 

Donor and patient characteristics and potential risk factors for PE were compared among the 

two groups. We a l so compared patients who died from PE with in 24 hours and one week after 

OL T with those suffering a lethal PE beyond the first day and first week, respectively. 

The overa l l  incidence of lethal PE was 0 . 1 7%. Of the 83 patients with a letha l  PE, 20 (24%) 

died within  24 hours and 30 (36%) with i n  1 week after surgery. There were no statistical ly 

significant differences in any of the demographic and c l in ical variables between patients with 

a letha l  PE and contro ls. There was a lso no difference i n the intraoperative use of 

antifibrinolytic drugs in patients who suffered a lethal PE with i n  1 week after OL T and those 

with a letha l  PE beyond this time period. 

Patients u ndergoing OL T a re not exempt from developing major venous thromboembolic 

compl ications. The incidence of letha l  PE in l iver transp lant recipients is 0 . 1  7%. The 

occu rrence of letha l  PE cannot be predicted by demographic or c l in ical variables, suggesting 

that the risk of PE in patients undergoi ng OL T is intrinsica l ly related to this popu lation and 

type of su rgery. 
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INTRODUCTION 

The hemostatic system is a delicate balance between pro- and anticoagulant proteins, 
responsible for the prevention of bleeding as well as thrombosis. Patients with end-stage liver 
disease awaiting orthotopic liver transplantation (OL T) are traditionally thought to have a 
diminished hemostatic function [1,2] . This is frequently illustrated by abnormal routine 
diagnostic coagulation tests, such as the bleeding time, the prothrombin time (PT) and 
activated partial thromboplastin time (APTT). However, recent studies have challenged 

conventional wisdom that these abnormalities are truly reflecting an increased bleeding risk, 
because thrombin generation capacity in patients with end-stage liver disease appeared to be 
similar to that in normal controls [3-5 ] .  Moreover, thromboembolic complications do occur in 

patients with end-stage liver disease and signs of hypercoagulation rather than 
hypocoagulation are not infrequently reported in these patients [6,7]. 

A number of case reports have described the occurrence of major venous 

thromboembolic complications, such as pulmonary embolism (PE) and intracardiac 
thrombosis, in patients undergoing OLT (reviewed in ref 8). Although these thromboembolic 
complications are potentially fatal and, therefore, of great clinical relevance, the exact 

incidence and pathogenesis remains unclear [8,9].  
We have used the European Liver Transplantation Registry (EL TR) to identify patients 

who suffered a lethal PE during or after OL T. The EL TR is a regularly audited database 
containing information of over 70,000 liver transplant procedures performed in 21 European 
countries since 1968 [10]. Aims of the current study were a) to determine the incidence of 
lethal pulmonary embolism in patients undergoing liver transplantation, and b) to identify 

possible patient-, donor-, or operation-related risk factors for this thromboembolic 
complication. 

PATIENTS AND METHODS 

Patients 
In the time period between January 1, 1994 and December 31, 2004 a total of 49,025 liver 
transplantations, performed in 44,785 patients, were reported to the EL TR. We were able to 

identify 83 patients, transplanted in 41 centers, who had died during or after transplantation 
because of a lethal PE. This group of patients formed the basis of the current study. 

Questionnaires were sent to the centers to obtain data on additional clinical variables that 
were not available in the EL TR. 

The group of patients with a lethal PE was compared with a control group consisting of 
the patients that were transplanted immediately before and after the identified patient with a 

lethal PE in the same center (n=l 66). This method allowed us to construct a control group in 
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which the surgical technique and overa l l  perioperative management was simi lar to that in  

patients who developed a lethal PE .  

Data Analysis 

The following variables were included in the ana lysis: recipient age, gender, blood group, 

vira l  status, indication for and number of transplantation; donor age, gender, blood group and 

blood group compatibi l ity; type of preservation flu id, type of graft, ischemia time, the use of 

venovenous bypass and the intraoperative use of antifibrinolytic drugs. 

Statistical Analysis 

Categorical variables were presented as numbers with percentages, continuous variables as 

mean with standard deviation. Basel ine and postoperative differences between groups were 

compared with the Pearson's ch i-square test or Fisher's exact test for categorical variables and 

the Student t-test for continuous variables. A p-value of 0.05 or less was considered to indicate 

statistical significance. Al l  statistical analyses were performed using the software SAS 9 . 1  (SAS 

Institute Inc., Cary, NC, USA). 

RESULTS 

The overa l l  incidence of letha l  PE after OL T was 0. 1 7% (83 cases in 49,025 procedures). The 

median  time interval between transplantation and the occurrence of a letha l  PE was 13 days 

(range 0-1 5 1 1 days). Of the 83 patients with a lethal PE, 20 (24%) died intraoperatively or 

with in  24 hours after the start of the transplant procedure. In 30 (36%) patients a lethal PE 

occurred with in the first week after OL T. 

A comparison of donor, recip ient and surgical characteristics in patients with a lethal 

PE and the control group is presented in Table 1 .  There were no statistica l ly significant 

differences in any of the cl i n ical and demographic variables between the two groups. 

To study the possible influence of intraoperative use of antifibrinolytic drugs on the 

development of PE, we compared patients who had died from a lethal PE on the day of surgery 

versus those with a lethal PE after the first day. In addition we compared patients with a lethal 

PE with i n  the first week and those with a lethal PE beyond the first week after surgery. These 

ana lyses revea led no statistical ly sign ificant differences in the use of antifibrinolytic drugs 

among these groups (Table 2 ) .  
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Table 1 .  Comparison of patients with a lethal pul monary embol ism (PE) after l iver transplantation 

with control patients 

Variable PE ( n=89) Controls (n= 178) p-value 

Recipient variables 
Age (years) 49 +/- 14 45 +/- 1 7  0 . 0 5  
Gender 1 

M 5 9  66% 1 1 8 66% 
F 3 0  34% 60 34% 

No of transpla nt 0 . 3 0  
First 7 7  8 7 %  1 4 5  8 2 %  
Retransplan t  1 2  1 3 %  3 3  1 8 %  

Blood g ro u p  0 . 4 9  
A 4 1  46% 74 42% 
B 5 6 %  5 3 %  
AB 6 7 %  1 7  10% 
0 3 6  4 0 %  8 1  46% 

Viral status 
HBs Ag pos 1 0  1 3 %  1 9  1 2 %  0 . 9 3  
HBV D N A  pos 3 6 %  0 0 . 0 5  
B delta pos 3 6 %  5 6 %  1 
Anti HCV pos 2 4  3 2 %  34 23% 0 . 1 2  

Hepatic d isease 
Acute 6 7 %  1 9  1 2 %  0 . 2 9  
Cirrhosis 5 2  58% 1 0 1  57% 0 . 8 3  
Cancer 1 5  1 7 %  1 5  8 %  0 . 0 4  
Other 1 2  1 3 %  3 4  1 9 %  0 . 2 4  

Urgent status 1 2  14% 2 6  1 5 %  0 . 7 8  

Donor variables 
Age (years) 40 +/- 1 7  40 +/- 19 0 . 9 5  
Gender 0 . 5 1  

M 5 2  58% 1 0 3  58% 
F 3 5  39% 58 33% 

Blood g ro u p  0 . 0 9  
A 4 2  4 7 %  6 0  34% 
B 4 5 %  3 2 %  
AB 4 5 %  1 3  7 %  
0 3 8  43% 94 53% 

ABO match i n g  0. 1 2  
Identical 8 0  9 0 %  1 54 87% 
Compatible 6 7 %  1 6  9 %  
Incompatib le 2 2 %  0 

Preservation l iqu id  0 . 1 7  
uw 72 8 1 %  1 4 0  79% 
HTK 9 1 0 %  1 6  9 %  
Other 1 1 %  1 1  6 %  

Surgical variables 
Type of g raft 0.38 

Full  size 7 1  80% 1 5 3  86% 

Variant 1 3  1 5 %  2 0  1 1 %  

Veno-venous bypass 1 9  25% 3 8  25% 0.98 

Ischemia time (min)  535 +/- 1 9 3  545 +/- 2 1 6  0.74 

Abbreviations: PE, pulmonary embolism; HBs Ag, hepatitis B surface antigen; HBV, hepatitis B 

virus; B delta, hepatitis B delta; Anti HCV, anti hepatitis C virus; +, positive; UW, University of 

Wisconsin; HTK, Histidine-Tryptophan-Ketoglutarate. 
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Table 2. Comparison of the use of antifibrinolytics in patients who developed a lethal pulmonary 

embolism (PE) on the day of surgery versus those with a lethal PE after the first day, and patients 
with a lethal PE withi n the first week versus those with a letha l PE beyond the fi rst week after 
surgery. 

Lethal  PE (n=83)  Antifibrinolyti cs  
No 

Unkno w n  p-valu e 
Antifibrinolyti c s  

Timing 0.22 
s 24 hours (n= 2 0 )  8 (40% ) 5 (25% ) 7 (35% ) 

>24 hours (n=63) 1 3 (21 % )  19 (30% ) 31 (49% ) 

Timing 0.44 

s 1 week (n=3 0 )  1 0  (33% ) 8 (27% ) 12 (40% ) 

> 1 week (n = 5 3 )  1 1  (21 %  I 16 (30% ) 26 (49% ) 

Abbreviations: PE, pulmonary embolism. 

DISCUSSION 

This study provides additional evidence that patients u ndergoing a l iver tran splant procedure 

not only have an i ncreased risk for bleeding compl ications, but can a lso develop l ife

threaten ing venous thromboembol ic  complications. It is the first study to provide a real 

estimate of the incidence of lethal PE in th is population. The overa l l  incidence of lethal PE in a 

large cohort of patients was 0. 1 7%. The median time interval between transplantation and 

death due to a PE was 13 days and 36% of al l cases of lethal  PE occurred with in  the first week 

after OL T. The occurrence of letha l  PE could not be predicted by demograph ic or c l in ical  

variables, suggest ing that the r isk of PE in patients undergoing OL T is intri nsica l ly related to 

this popu lation and type of surgery. 

Patients with end-stage l iver d isease, undergoing an OLT, have a wel l -described risk of 

excessive blood loss. Traditional ly, the bleeding tendency in  these patients is assumed to be 

related to the co-existing coagu lopathy, as frequently reflected by prolonged routine 

coagulation tests and low platelet counts. However, recent c l i n ica l  and laboratory studies 

have cha l lenged this theory which has led to the concept of "reba lanced hemostasis" in 

patients with l iver disease [ 1 1 - 1 3 ] .  The reduced p latelet count and function a re balanced by 

h ighly increased levels of the p latelet adhesive protei n  von Wi l l ebrand factor [ 1 4] . Reduced 

levels of procoagu lant proteins a re balanced by reduced levels of natural anticoagu lant 

proteins [S J, and the reduced levels of antifibrinolytic prote ins are balanced by reduced levels 

of profibrinolytic proteins [1 5 ] .  In fact, the thrombin generation capacity in patients with l iver 

c i rrhosis was shown to be not different from that in normal controls [ S ] .  Apparently, the 

hemostatic capacity of patients with l iver d isease is relatively wel l  preserved, but the 

hemostatic balance may be more easi ly disturbed than in healthy individuals . These findings 

have changed our understanding of the pathophysiology of hemostasis in patients with 
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cirrhosis, suggesting that bleeding is mainly due to the presence of hemodynamic alterations 

(i.e. portal hypertension and hyperdynamic circulation) and that conventional coagulation 
tests do not reflect the coagulation status of these patients. It is becoming evident that 
abnormal routine coagulation tests do not represent a status of "natural anticoagulation", and 

patients with cirrhosis are not protected against thromboembolic complications [7] .  
Now that blood loss and bleeding complications in patients undergoing OL T is 

becoming less a clinical issue due to various improvements in surgical technique and 
anaesthetic perioperative management [1 6], the risk of thromboembolic is receiving increasing 

attention [1 3]. Thrombosis after OLT may occur either in the vasculature of the donor liver 
(e.g. hepatic artery thrombosis or portal vein thrombosis) or in the systemic or pulmonary 
circulation (intracardiac thrombosis or PE). While liver graft-related thrombosis is a serious 

complication that may lead to graft loss, systemic venous thromboembolism such as massive 

PE may cause an immediate life-threatening situation [8]. In a recent systematic review of the 
literature on intraoperative PE and intracardiac thrombosis during OL T, we have found that 

this type of thromboembolic complication is associated with a very high mortality rate of 68% 
[8]. Mortality was significantly higher in patients with an isolated PE, compared to patients 
with a combination of PE and intracardiac thrombosis (91 % versus 50%). In the current study 

we included not only cases of intraoperative but also postoperative lethal PE. 
Unfortunately, we were not able to calculate the overall incidence of both lethal and 

non-lethal PE after OL T. In the EL TR, PE is only registered as a cause of patient death, and 

non-lethal PE is not recorded. Non-lethal or even subclinical PE may not be uncommon in 
liver transplant recipients and other investigators have reported overall incidence rates of 
postoperative PE varying between 1 % and 6.2% [9, 17, 18]. 

The question arises whether systemic venous thromboembolic complications in liver 
transplant recipients can be predicted or prevented. In the current study we could not identify 
a specific donor or recipient-related risk factor for this type of complication, suggesting that a 

PE can occur essentially in any patient undergoing OL T. In our analysis, we have tried to 
control for possible confounding differences in surgical technique or anesthetic management 

in two groups by using a control group of patients that were transplanted immediately prior 
and after the patients who died from a PE. Although such differences will exist among different 
centers, it is not very likely that there are large differences in these aspects in three consecutive 
patients within one center. It remains to be established whether PE in OL T recipients in 

proceeded by or associated with a hypercoagulable state. Hypercoagulability can easily be 
missed when only conventional coagulation tests are used. Although thromboelastography has 
been suggested as an easy to use point of care test for hypercoagulability [19,201 , this method 

is not universally accepted by all centers and more research in this area is warranted. 
Although isolated case reports have suggested a possible relationship between the 

occurrence of PE and the use of venovenous bypass or antifibrinolytic drugs (reviewed in ref 

8), we found no evidence in the current study to support such a relationship. These findings 
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are in accordance with a recent meta-analysis and a large retrospective study on the safety of 

antifibrinolytic drugs in OLT [2 1 ,22 ]. 

In conclusion, the current study extends and confirms previous observat ions indicating 

that patients undergoing OL T are not exempt from developing potentially lethal venous 

thromboembolic complications, such as PE. Although the incidence of lethal PE is relatively 

low, (0.1 7%) the overall incidence of subclinical and clinical non-lethal PE is likely to be 

higher. The current study, as well as other accumulating evidence in the literature about the 

risk of thromboembolic compl ications in liver transplant recipients, supports the exploration of 

more extensive use of anticoagulant drugs in the postoperative period to prevent these 

potentially devastating complications. 
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THROMBOTIC COMPLICATIONS IN LIVER TRANSPLANTATION 

ABSTRACT 

Hepatic artery thrombosis (HAT) after pediatric orthotopic liver transplantation (OL T) is a 
serious complication, resulting in bile duct necrosis, often requiring retransplantation. 
Immediate surgical thrombectomy/thrombolysis has been reported as potentially successful 

treatment to restore blood flow and avoid urgent retransplantation. Long-term results of this 
strategy remain to be determined. 
In 232 pediatric liver transplantations we analyzed long-term outcome after urgent 

revascularization for early HAT. HAT developed in 32 (13.7%) patients. In 16 children (50%) 
immediate surgical thrombectomy was performed in attempt to salvage the graft. Fourteen 
(44%) patients underwent urgent retransplantation, 2 (6%) died before further intervention. 

Immediate thrombectomy resulted in long-term restoration of the hepatic artery flow in 6/16 
patients (38%), resulting in 1- and 5-year graft and patient survival rates of 83% and 67%. In 
10 patients revascularization was unsuccessful and retransplantation inevitable. One and 5-

year patient survival in this group decreased to 50 and 40%, respectively. After immediate 
retransplantation 5-year patient survival was 71 %. 
Immediate surgical thrombectomy for HAT after pediatric OLT results in long-term graft 
salvage in about one-third of the patients. However, when thrombectomy is unsuccessful long
term patient survival is lower than in patients who underwent immediate retransplantation. 
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INTRODUCTION 

Orthotopic liver transplantation (OLT) has become the treatment of choice for children with 
acute liver failure or chronic end-stage liver disease. Over the last decades graft and patient 
survival have improved considerably, and one- and five-year patient survival rates are around 

90% and 75%, respectively, in experienced pediatric centers [1-3] . Graft survival rates are 
generally 10% lower due to graft-related complications requiring retransplantation. One of the 
most common causes of graft loss after OL T in children remains hepatic artery thrombosis 

(HAT), especially when this occurs early after transplantation [4] . The reported incidence of 
HAT after pediatric OLT varies from 1% to 26% [2,5-8]. HAT has been associated with 
significantly lower patient survival rates [1,9-11]. If left unnoticed or untreated, HAT occurring 

within the first weeks after OL T may cause acute ischemic injury of the bile ducts, leading to 
biliary necrosis and sepsis. In this situation, urgent retransplantation of the liver is generally 
considered the best treatment option [4, 12, 13]. 

Doppler ultrasonography (DUS) is a well-established and accepted diagnostic tool to 
facilitate early detection of HAT after liver transplantation [14-16]. Most centers have adopted 
a protocol of postoperative surveillance of hepatic artery patency by performing DUS at 

regular time intervals. These protocols, however, are highly variable with respect to frequency 
and interval of screening [11 ]. DUS is generally used as a screening modality and detection of 
abnormal or absent flow in the hepatic artery usually requires confirmative angiography (CT

angiography, MR-angiography or conventional angiography) for a more direct visualization of 
vessel patency [14, 15 , 17]. 

Urgent surgical thrombectomy, either with or without thrombolysis, has been 

reported as a potentially successful treatment to restore arterial blood flow to the liver graft. 
Although several groups have reported small descriptive series or case reports of short-term 
salvage of liver grafts after urgent thrombectomy and/or thrombolysis, the long-term results of 

this strategy remain to be determined [18, 19]. In most of the previous reports follow-up was 
either not specified or usually less than one year. Especially biliary complications, such as 
post-ischemic bile duct strictures, may present late after the episode of HAT, despite successful 

restoration of arterial flow to the liver. 
The aim of this study was to analyze the long-term results of urgent revascularization 

after early HAT in children after OL T and to define which children with HAT can benefit from 

urgent revascularization. 
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PATIENTS AND METHODS 

Study Population 

A tota l of 8 1 8 l iver transplantations were performed in our institution in the period between 

1 990 and 2005 . In 232 cases, the recipient was under 1 7  years of age, and these chi ldren 

formed the basis of the current analysis. Early HAT, defined as HAT detected with in 2 weeks 

after transplantation, was observed in 32 patients (1 3 .7%). 

Characteristics of donors and recipients, as well as perioperative c l in ica l variables 

and data on postoperative outcome, were obtained from a prospectively collected institutional 

l iver transplant database. Relevant missing variables were obtained from the med ical records if 

possible. The duration of posttransplant fol low-up was between 3 .0 and 1 6.7  years with a 

median fol low-up period of 8 .7 years. 

Donor and Recipient Operation 

Donors were se lected on basis of ABO blood group compatib i l i ty, body size and weight. A l l  

but  one donor l ivers were procured from hemodynamical ly stable, heart beating, bra in death 

donors. In one case a fu l l-size donor l iver was procured from a donor after cardiac death. 

L iver procurement was performed by techn iques previously reported (20,2 1 J. The Un iversity 

of Wisconsin preservation solution was used in 30 of the 32 grafts (94%) and h istidine

tryptophan-ketoglutarate solution in 2 (6%) grafts. In 28 patients (88%) ABO-identica l grafts 

were used and 4 chi ldren (1 2 %) received an ABO-compatible graft. 

Standard l iver resection techn iques were used for reduction or splitt ing the graft. 

Transplantation of fu l l -size and techn ical variant grafts was performed as described previously 

by our group [3 ] .  

Postoperative Thrombosis Prophylaxis 

Until 2002, no routine thrombosis prophylaxis was used in pediatric patients after l iver 

transplantation . Since 2002 a l l  ch ildren received unfractionated heparin i .v as thrombosis 

prophylaxis during the first 7 postoperative days, a iming at an activated partial thromboplastin 

time between 50 and 65 seconds. Heparin was started as soon as proth rombin time was below 

20 seconds, activated partia l  thromboplast in time below 50 seconds, and platelet count was 

above 30 xl 0/l . On postoperative day 8, heparin admin istration was discontinued and 

acetylsa l icyl ic acid was started ( 1 9  mg p.o. q.d. in  chi ldren with body weight <30 kg and 38 

mg p.o. q.d. in ch i ldren with body weight >30 kg). 

Postoperative Surveillance for Patency of the Hepatic Artery 

Unti l 2002, protocol ized DUS of the l iver graft and the hepatic vessels  was performed on 

postoperative day 1 ,  4 and 7. S ince 2002, DUS was performed before and after closure of the 

abdomen at the end of the transplant procedure, immed iate ly upon arrival at the Pediatric 
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Intensive Care Unit, and daily thereafter until postoperative day 7. After the first postoperative 

week, additional DUS was performed on demand as indicated by laboratory tests or the 

clinical condition of the recipient. In case of an abnormal or absent Doppler signal, 

conventional or CT angiography was performed to exclude or confirm HAT. 

Technique of Urgent Revascularization for Hepatic Artery Thrombosis 

Early HAT was defined as the development of thrombosis in the hepatic artery within 14 days 

after liver transplantation as detected by DUS and/or angiography. Immediately after detection 

of HAT, a relaparotomy was performed. After confirmation of HAT by direct inspection, the 

anastomosis between donor and recipient artery was disconnected and thrombus mass 

evacuated from the vessels by a Fogarthy catheter. In case no adequate back bleeding could 

be obtained from the side of the liver graft, urokinase (Medacinase®, Medac, Wedel, 

Germany) was injected into the donor hepatic artery and a small vascular clamp was placed 

on the proximal donor arterial stump for 10 minutes. The dose of urokinase was based on the 

recipient's body weight and varied between 25 .000 IU and 100.000 IU in 5 to 10 ml saline. 

Based on the surgical judgment of the attending surgeon, a new arterial anastomosis 

was constructed at the same site or after shortening of the two arteries. Similar to the primary 

anastomosis, reanastomosis was performed with 7.0 prolene in terrupted sutures (using surgical 

loops with 2.5-3x amplification). If blood flow from the recipient artery could not be 

adequately restored by thrombectomy, an iliac artery conduit from the donor was used to 

construct a direct anastomosis to the supraceliac or infrarenal aorta. 

Risk Factors and Outcome Variables 

The following recipient-related variables were included in the analyses: age, weight, gender 

and indication for transplantation, Chi Id-Turcotte-Pugh score, pretransplant status (elective 

versus urgent), and previous operations. Donor factors analyzed were age, weight, 

donor/recipient (D/R) weight ratio, type of donor, and length of stay in the intensive care unit 

(ICU). Factors concerning the transplantation procedures were cold ischemia time (CIT), warm 

ischemia time (WIT), blood loss index, operation time, duration of the anhepatic phase, and 

the type of graft (full-size grafts versus technical variant liver grafts), extra-anatomical arterial 

reconstructions, aberrant arterial anatomy, and time interval between OLT and HAT and 

between HAT and retransplantation . 

Patient survival was defined as the time period between transplantation and patient 

death. Graft survival was defined as the time period between transplantation and graft loss due 

to patient death or due to graft failure requiring retransplantation. Postoperative complications, 

including biliary strictures, as well as timing and cause of death, were recorded. 
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Statistical Analysis 
All statistical analyses were performed using SPSS, Version 16.0 (SPPS, Chicago, IL, USA). 
Categorical variables were presented as numbers with percentages, continuous variables as 
median with range. Baseline and postoperative differences between groups were compared 
with the Pearson's chi-square test or Fisher's exact test for categorical variables and the Mann

Whitney U test for continuous variables. The Kaplan-Meier method was used to calculate 
patient and graft survival rates. The log rank test was used to compare survival rates among 
groups. A p-value of 0.05 or less was considered to indicate statistical significance. 

RESULTS 

Characteristics and therapeutic strategies in patients with HA T 

The demographics and surgical characteristics of all children who developed HAT early after 
transplantation are presented in Table 1. In 27 of the 32 children (84%) HAT occurred after 
primary OL T and in the remaining five (16%) HAT occurred after a retransplantation. Two 
children developed early HAT twice: after primary and after retransplantation. 

The median time between transplantation and diagnosis of early HAT was 3 days 

(range 1-10 days). Sixteen children (50%) underwent urgent surgical thrombectomy, either 
with or without thrombolysis. Fourteen children (44%) were directly retransplanted without an 
attempt to perform thrombectomy. Two children (6%), who developed recurrent HAT after a 
retransplant for HAT complicating a first transplant procedure, received no further surgical 

interventions because of a very poor general condition (Figure 1 ). In the subgroup of 1 6  
patients who underwent urgent thrombectomy, 9 (56%) underwent thrombectomy alone and 7 
children (44%) underwent thrombectomy combined with intraoperative arterial thrombolysis. 

A comparison of demographics and perioperative variables of patients who 
underwent urgent thrombectomy with those who underwent retransplantation without a prior 
attempt to perform thrombectomy is presented in Table 2. There were no significant 
differences in recipient or donor characteristics between the two groups. However, a larger 

proportion of split or reduced size liver grafts were observed in the group that underwent 
urgent thrombectomy, compared to the group of patients who underwent immediate 
retransplantation (56% vs. 29%, p=0.02). 
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Table 1 .  Cl i nical and Surgical Characteristics in 32 Pediatric Cases of Early HAT 

Reci ient 

Gender 

male 14 44% 
fema l e  1 8  56% 

Age (yr) 4.4 ( 0 .7-14.4)  

Weight (kg)  17.8 ( 3 . 5-52)  
Diagnosis 

bil iary atresia 13 4 1 %  

metabolic d isease 1 1  34% 
acute liver failure 3 9 %  
miscellaneous * 5 1 6% 

Child-Pugh score 9 ( 5- 14) 
Pretransplant status 

high urgency 6 1 9 %  
normal 26 8 1 %  

Previous operations 

yes 2 1  66% 
no 1 1  34% 

Donor 

Age (yr) 1 1  ( 1 - 6 1 )  

Weight ( kg )  3 4  (8-100)  
D/R weight ratio 1 .4  ( 0 .4-12 .4)  
ICU stay ( d )  2 ( 1 -9 )  

Sur  er 

Operation time (min)  571  (280-935) 
CIT (min)  605 ( 293-945) 

WIT (min)  53 ( 3 3 - 1 1 8 )  
FAHP ( m i n )  99 ( 5 1-344) 

Blood loss Index** 0.8 ( 0 . 1-22 .0)  
Graft type 

full-size 1 8  56% 
tech nical variant 14 44% 

More tha n  one arterial a nastomosis 

yes 8 25% 
no 24 7 5 %  

Aberra nt hepatic arteries 

yes 9 28% 
no 23 72% 

Data are reported as  median (interquartile range) or number and proportion. Abbreviations: DIR ratio = 

donor/recipient ratio; CIT = cold ischemia time; WIT = warm ischemia time; FAHP = functional anhepatic 

phase. *Cryptogenic liver cirrhosis ( 7), hepatoblastoma ( 1), hepatoceflular carcinoma ( 7), primary 

sclerosing cholangitis ( 1  ), neonatal hepatitis ( 1  ). ** Blood loss index was defined as the blood loss divided 

by the circulating blood volume of the child. 
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Table 2. Comparison Between Children who Underwent Thrombectomy and Children who 
Received Immediate Retransplantation for Early HAT. 

Thrombectomy 

n = 1 6  

Immediate Re-0L T 

n=14 
p-value 

Reci pient 

Gender 
male 8 

Female 8 

Age (yr) 2 .6  

Weight (kg) 10.  7 
Diagnosis 

billary atresia 5 
metabolic disease 6 
acute l iver failure 2 
miscellaneous 3 

Child-Pugh score 8 
Pretransplant status 

high urgency 2 
normal 14 

Previous operations 1 1  

Donor 

Age (yr) 1 3  
Weight (kg) 44 
D/R weight ratio 1 .  9 
ICU stay (d )  1 . 5  

Operation 

Operation time (min )  565 
CIT (min) 6 1 6  
WIT (min ) 5 1  
FAHP (min ) 97 
Blood loss index* 0.6 
Graft type 

full-size 7 
technical variant 9 

Additional arterial reconstructions 4 
Aberrant hepatic arteries 4 

Intraoperative arterial problems 4 
Interval between OLT and HAT (d) 
Interval between HAT and Re-OLT (d) 3 . 5  
Reinterventlon after HAT 6 
In-hospital death 5 

50% 5 
50% 9 

( 0 . 1 - 14.4) 4.4 
(3.5- 52) 17 .8  

3 1 %  7 
38% 4 
12% 1 

19% 2 

(5-14) 9 

1 3% 3 

81% 1 1  

69% 8 

( 1-61 )  7 .5  
(8-81) 27 

( 0 . 5- 12 .4) 1 . 2  
( 1 -9) 2 .5 

( 323-935) 597 
( 293-945) 5B7 

(33-80) 53 
(51-262) 107 

(0 .2-11 .5) 0 .9 

44% 10 
56% 4 
25% 3 
25% 5 

25% 3 
(1-10) 4 
( 2-6) 1 
38% 5 
3 1 %  4 

36% 
64% 

0.48 

(0 . 1 - 13 . 9) 0 .85  

(6 .4-50.0) 0.47 

50% 
29% 

7% 

14% 

0.46 

(5- 1 1 )  0 .70  

21% 
79% 

0 .64 

57% 0 . 7 1  

( 1-29) 0 . 1 7  
( 1 0-100) 0 . 5 1  

(0 .4- 1 1 .  7 )  0 . 26 
(1-7)  0 .83  

(280-930) 0 .82  
(305-771 )  0 .53  

(38-1 18)  0 .89 
(68-237) 0 .81  
( 0 . 1 -4.9) 0 .85 

71% 
29% 

0.02 

21% 0 .58 
36% 0 . 69 

21% 0 .58 

(1-7)  0 . 3 1  
(0-4) 0.005 

36% 0 . 6 1  
29% 0 .60 

Data are reported as  median (interquartile range) or  n umber and proportion. Abbreviations: Re-OL T = 

retransplantation; DIR weight ratio = donor/recipient weight ratio; CIT = cold ischemia time; WIT =  warm 

ischemia time; FAHP Functional anhepatic phase. *) Blood loss index was defined as the blood loss 

divided by the circulating blood volume of the child. 

Did urgent surgical revascularization result in graft salvage? 

In 6 of the 16 patients (38%) who underwent urgent thrombectomy either with or without 
thrombolysis, arterial blood flow to the liver graft could be successfully restored. In the 
remaining 10 patients (62%), urgent surgical thrombectomy did not result in long-lasting 
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patency of the hepatic artery and retransplantation of the liver became inevitable (Figure 1 ). 
The median time between diagnosis of early HAT and retransplantation in these patients was 
3.5 days (range 2-6 days) and it was significantly longer than in children who underwent 
immediate retransplantation (median time 1 .0 day with range of 0-4 days; p =0.005). 

Overall 1-year graft survival rate in the 16 children who underwent urgent surgical 

thrombectomy was 31 %. In the subgroup of patients in whom surgical thrombectomy was 
successful, graft survival at 1-year was 83%. One graft was lost because of patient death with a 
functioning graft due to severe sepsis. Up to 5-years after transplantation, none of the 

remaining salvaged grafts were lost due to late graft failure or other graft-related 
complications. Only one child developed a post-ischemic stricture in the donor extrahepatic 
bile duct at 2 months after successful thrombectomy. This stricture was initially treated with 

balloon-dilatation via a percutaneous transhepatic route, but finally surgical reconstruction 
with a Roux-Y hepatico-jejunostomy had to be performed. 

Alive 
(n=5) 

Dealh• 
(n=1) 

Thrombectomy 
(n=16) 

Successful 
thrombectomy 

(n=6) 

Rescue Re-OL T 
(n=10) 

32 pediatric cases 
of earty HAT 

Alive 
(n=5) 

Dealhb 

(n=5) 

Dealhc 

(n=2) 

Immediate Re-OL T 
(n=14) 

Alive 
(n=10) 

Dealhd 

(n=4) 

Figure 1. Outcome and cause of death within one year after early hepatic artery thrombosis (HAT) 

in children after liver transplantation. a) Cause of death was: sepsis. b) Causes of death were: sepsis 

(3), primary graft non-function (1 ), and recurrence of hepatoblastoma (1 ). c) Causes of death were: 

primary graft non-function ( 1 ), and sepsis ( 1 ). d) Causes of death were: cerebral edema (2), 

primary graft non-function ( 1 ), and sepsis ( 1 ). Abbreviation: Re-OL T = retransplantation. 
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Table 3. Comparison Between Children who Underwent Successful Thrombectomy and Children 

who Received Rescue Retransplantation after Thrombectomy for HAT. 

Recipient 
Gender 

male 
Female 

Age (yr) 
Weig ht (kg) 
Diagnosis 

biliary atresia 
metabolic disease 
acute l iver fa ilure 
miscellaneous 

Child-Pugh score 
Pretransplant status 

high urgency 
normal 

Previous operations 

Donor 
Age (yr) 
Weight (kg) 
D/R weight ratio 
ICU stay (d)  

Operation 
Operation time (min) 
CIT (min)  
WIT (min)  
FAHP (min) 
Blood loss index* 
Graft type 

full-size 
technical variant 

Additional arterial reconstructions 
Aberrant hepatic arteries 
Itraoperative arterial problems 
Interval between OLT and HAT (d) 
Reintervention after HAT 
I n-hospital death 

Successfu l 
Thrombectomy 

Rescue OL T after 
Thrombectomy p-value 

4 

2 
2 . 5  

1 0 . 0  

2 
3 
1 
0 
8 

1 
5 
4 

25 
43 

2 .9 
1 . 0  

565 
585 
44 

79 
0 . 6  

0 
6 
3 
2 
3 

4 
1 

n=6  

67% 4 
33% 6 

( 0 . 1- 1 2 .7)  5 . 3  
( 3 . 5-46) 1 7 . 5  

33% 3 
5 0% 3 
17% 1 

0% 3 
{ 5 - 14) 8 

17% 1 
83% 9 
67% 7 

( 1 -46) 13 
(8-65) 49 

(0 .8-5 .2)  1 . 9  
( 1-9) 3 

(483-615)  5 58 
(402-843) 6 1 6  

(33-80) 59  
( 5 1-200) 99 
( 0 . 3-2 . 1 )  0 . 7 

0% 
100% 

50% 
33% 
50% 

( 1-7) 
67% 
17% 

2 
8 
1 
2 
1 
3 
2 
4 

n=l0  

40% 
60% 

( 0 .4- 14.4) 
( 5 . 0-52.0)  

30% 
30% 
1 0% 
30% 

(5- 13) 

10% 
90% 
70% 

( 1 - 6 1 )  
( 1 2-81) 

( 0 . 5 - 1 2 .4) 
( 1 -9) 

(323-935) 
(293-945) 

(40-74) 
(64-262) 

(0. 1 - 1 1 . 5) 

20% 
80% 
10% 
20% 
10% 

( 1 - 10) 
20% 
29% 

0 . 3 0  

0 . 79 
0 . 7 1  
0 . 3 2  

0 . 8 7  
0 . 63 

0 .65 

0 . 87 
0.43 
0. 96 
0. 5 5  

0.88 
0.88 
0 . 12 
0 .27 
0 .96 
0 . 38 

0. 1 2  
0 .49 
0 . 1 2 
0 .49 
0 .09 
0 . 3 5  

Data are reported as  median (interquartile range) or number and proportion. Abbreviations: Re-OL T 

= retransplantation; DIR weight ratio = donor/recipient weight ratio; CIT = cold ischemia time; WIT 

= warm ischemia time; FAHP = functional anhepatic phase. •J Blood loss index was defined as the 

blood loss divided by the circulating blood volume of the child. 
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Which risk factors were associated with unsuccessful urgent thrombectomy? 

To identify variables that are associated with fa i l u re or success of urgent thrombectomy, we 

compared the group of ch i ld ren in whom th rombectomy was successfu l with those who had 

unsuccessfu l thrombectomy (Table 3). This ana lysis did not reveal any sign ificant d ifferences 

in recipient, donor and su rgical variables between these two groups. 

Did urgent surgical revascularization have an impact on patient survival? 

If urgent thrombectomy is unsuccessfu l and only delays retransplantation, this may have a 

negative i mpact on patient suNival .  Therefore, we i nvestigated whether thrombectomy 

resul ted in a lower patient suNival if this attempt was unsuccessfu l .  Overa l l  1 - and 5-year 

patient suNival rates in chi ldren who underwent an attempt for urgent thrombectomy was 

63% and 50%, respectively. If urgent thrombectomy was successfu I and resulted in adequate 

restoration of arterial blood flow to the l iver graft, 1 - and 5-year patient su Nival rates were 

83% and 67%, respectively. One of the 6 chi ldren in whom thrombectomy was successfu l 

died with in one year after OL T because of septic compl ications. 

When th rombectomy was not successfu l and retransplantation became inevitable, l 

and 5-year patient suNival rates were 50% and 40%, respectively. Three chi ldren died with in  

one year because of  severe sepsis, one child d ied because of  primary non-function of  the 

second l iver graft, and one ch i ld died 8 months after retransplantation because of the recurrent 

hepatoblastoma. 

In  ch i ldren who went straightforward for retransplantation, suNival rate was 71 % at 1 

and 5 years after retransplantation. The difference in patient surviva l in chi ldren who 

underwent immediate retransplantation and chi ldren who had rescue retransplantation after 

unsuccessfu l thrombectomy was not statistically sign ificant. 

DISCUSSION 

HAT after pediatric liver transplantation is a serious compl ication. It usual ly occurs intra- or 

early postoperatively and it is associated with high morbidity and morta l ity rates [4,9, 1 1 ] .  HAT 

with in 2 weeks after OL T often results in a fu lm inant c l in ical pictu re of l iver fa i lure or b i l ia ry 

necrosis. The consequences of late hepatic artery th rombosis, occurring severa l months after 

transplantation, are more variable and often less acute due to part ia l  compensation of the 

hepatic arterial blood supply via col latera ls [22 ] .  

In  the 1 980s, the development of HAT early after transplantation was considered fata I 

without retransplantation (7,2 3,24] . In those days, HAT was usua l ly not detected unti l c l in ica l  

symptoms developed and the patient's condit ion had worsened. Th is  has  led to the 

introduction of survei l lance protocols for early detection of  HAT, using repeat DUS at regu lar 

t ime inteNals in the early postoperative period [1 6] .  Although several sma l l  series and case 

reports have suggested that early detection of HAT may provide an opportun ity for early 

63 



THROMBOTIC COMPLICATIONS IN LIVER TRANSPLANTATION 

revascularization and subsequent graft salvage, the more long-term outcome of this strategy 

remains to be establ ished [25 -2 7] .  

In the current study we have analyzed long-term outcome in terms of morbidity and 

mortal ity after different strategies for early HAT in chi ldren.  The incidence of early HAT after 

pediatric OLT was 1 3 .7% (32/232 cases), wh ich is comparable to the incidence rates reported 

in other studies [8,28,29] .  In 1 6  ch i ldren urgent su rgical th rombectomy was attempted and 

this resu lted i n  successfu l graft salvage in 6 cases (3 8%). If su rgical th rombectomy was 

successfu l and resu lted in adequate restoration of a rterial b lood supply to the l iver graft, one

year graft survival rate was 83%. To our knowledge this is the la rgest reported series of 

surgical thrombectomy for early HAT in pediatric OL T. In previous reports on th rombectomy 

for HAT after pediatric OLT success rates varied between 2 0  and 1 00% (9,2 1 ,2 5,26,29-33 ] . 

However, most of these studies i ncluded on ly sma l l  numbers of patients. Based on the current 

study we can conclude that, in  pediatric l iver transplantation, around one out of three grafts 

complicated by early HAT can be salvaged by urgent thrombectomy. 

Arteria l  vascularization of the l iver is particularly important for the b i le ducts, as the 

b i l iary tree depends solely on arterial b lood supply and ischemia of the bi le ducts results in 

b i l iary necrosis and subsequent strictu re formation [ 1 2,2 5 1 .  Therefore, it is relevant to know 

whether post-i schemic b i l iary strictu res may sti l l  occur more long-term after HAT, despite 

successfu l urgent revascu larization. In the current series, with a median fol low-up of 8.7 years, 

strictures of the donor bi le duct occurred i n  only one patient ( 1 7%) after successfu I 

thrombectomy. This compl ication was successfu l ly treated by resection of the extrahepatic 

bi le duct and revision of a Roux-Y hepatico-jejunostomy. Apparently, immediate successfu I 

restoration of a rterial blood supply to the l iver graft in case of early HAT is not associated with 

a h igh percentage of late graft loss due to bi l iary complications. 

In about two-th i rd of the cases, urgent thrombectomy was not successfu l and these 

patients requ i red l i sting for retranspla ntation. The question a rises whether outcome in these 

patients was worse than in patients who underwent immediate retransplantation without a 

prior attempt to revascu larize and salvage the first graft. Patient su rvival rate at one year after 

successfu l surg ical thrombectomy for early HAT was 83%. When surgical th rombectomy was 

unsuccessfu l a nd retransplantation i nevitable, this percentage decreased to 50%. Although this 

percentage contrasted unfavorably with the 71 % surviva l in  patients who underwent 

immediate retransplantation without a prior attempt at revascularization, the d ifference was 

not statistica l l y  significant. Moreover, two patients in the group with unsuccessfu l 

thrombectomy died from post-transplant lymphoprol iferative disorder and tumor recurrence, 

which are un l ikely related to the episode of early HAT. Although formal statistical 

confirmation is lacking, it can be hypothesized that an u nsuccessfu l attempt to restore arteria l  

blood supply to the l iver graft is associated with lower patient survival than immediate 

retransp lantation without a prior attempt to restore arteria l  blood flow. In a separate analysis 

we, therefore, attempted to identify variables that may predict success or fa i l ure of surgical 
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thrombectomy for early HAT. Unfortunately, we cou ld not fi nd any sign ificant difference in 

recipient, donor or surg ical variables among chi ldren who underwent successfu l 

th rombectomy and ch i ldren in whom thrombectomy fa i led. Although the relatively sma l l  

number of patients in  each group can b e  an explanation for this, i t  i s  a lso possible that the 

difference between success and fa i lure is indeed not influenced by c l in ical variables, but 

rather a matter of " luck". 

When we compared chi ldren in whom su rgical thrombectomy was attempted with 

ch i ldren who underwent immed iate retransplantation, it appeared that the majority of ch i ldren 

in the latter group had received a fu l l-size pediatric graft (44% versus 71 %, p=0.02 ) .  This 

finding suggests that surgical th rombectomy was more often considered a futile procedure 

when early thrombosis occurred in a sma l l  hepatic a rtery of a fu l l-size pediatric graft, than in a 

larger diameter a rtery of a split or reduced-size graft. If HAT occurs after spl i t  or reduced-size 

l iver transplantation, the graft is usua l ly obtained from an adult donor and the recipient 

hepatic a rtery has a larger diameter. In  these cases, surgical thrombectomy may have a h igher 

success rate than thrombectomy of a smal I-sized artery of a fu l l -size pediatric graft. 

Another important factor that may determ ine the success rate of u rgent 

th rombectomy is a short time interva l between the development of HAT and its detection .  In  a 

recent systematic review, Bekker et al found that the success rate of urgent revascu larization 

increases when DUS is performed more frequently [1 1 ] . However, even when DUS 

survei l lance is performed dai ly severa l hours may have elapsed between the occurrence of 

HAT and its actual detection. Immediate detection of HAT requ i res a continuous flow 

measurement by an intraoperatively implanted Doppler probe. This method is currently under 

investigation in our center [1 1 ] .  

I n  addition to surgical thrombectomy, other therapeutic approaches have been 

described to treat HAT after OL T [34-38] .  Percutaneous th rombolysis, either with or without 

subsequent p lacement of an endovascular stent, has been reported with a h igh success rate in 

resolving HAT both in adu lts [34] and in ch i ldren after OLT [35 ] .  In one report hyperbaric 

oxygen therapy has been described as a therapy to avoid retransplantation in ch i ldren with 

HAT after OLT by hastening the development of a rterial col latera ls [38 ] .  In selected ch i ldren 

without symptoms of graft fai l u re, b i l iary necrosis or  sepsis, a conservative approach without 

attempted revascularization or retransplan tation can be successfu l [25 ] .  Although these 

chi ldren may develop col lateral arterial supply to the graft, more than half of them wi l l  sti l l  

develop late b i l iary strictu res, requiring delayed surgical o r  radiologica l intervention. 

In conclusion, urgent surgica l thrombectomy appears justified in chi ldren after l iver 

transplantation compl icated by early HAT. Salvage of the l iver graft can be obta ined in  about 

one-third of the patients. When arterial b lood supply to the l iver graft can be restored 

successfu l ly  one-year graft survival was 83% in the current series, and none of the l ivers 

required late retransplantation because of post-ischemic b i l iary strictu re formation .  However, 

when thrombectomy is not successfu I and retransplantation inevitable, patient survival is 
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lower than in patients who underwent immediate retransplantation without a prior attempt to 
restore arteria l blood flow. Unfortunately, we were unable to identify risk factors that may 

predict success or failure of an attempted urgent thrombectomy. The effect of immediate 
detection of HAT by continuous flow monitoring on the success rate of urgent 
revascularization has to be awaited. 
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THROMBOTIC COMPLICATIONS IN LIVER TRANSPLANTATION 

ABSTRACT 

Although several randomized controlled tria Is (RCTs) have shown the efficacy of 

antifibrinolytic drugs in l iver transplantation, their  use rema ins debated due to concern for 

thromboembol ic compl ications. None of the reported RCTs has shown a h igher incidence of 

these complications in treated patients; however, none of the individual studies has been la rge 

enough to eluc idate this issue completely. We therefore performed a systematic review and 

meta-analysis of efficacy and safety endpoints in  a l l  publ ished controlled c l in ical trials on the 

use of antifibrinolytic drugs in l iver transplantation. 

Studies were included if ant ifibrino lytic drugs (e-aminocaproic acid, tranexamic acid (TA) or 

aprotin in) were compared with each other or with controls/placebo. l ntraoperative red b lood 

cell and fresh frozen plasma requi rements, the perioperative incidence of hepatic a rtery 

thrombosis, venous thromboembol ic events and mortal i ty were ana lyzed. We identified 2 3  

studies, with a tota l of 1 407 patients, which met the inclusion criteria. 

Aprotin in and TA both reduced transfusion requ i rements compared with controls. No 

increased risk for hepatic artery th rombosis, venous th romboembol ic events or  perioperative 

morta l ity was observed for any of the investigated drugs. This systematic review and meta

analysis does not provide evidence for an increased risk of thromboembolic events associated 

with ant ifibrinolytic drugs in l iver transplantation. 
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INTRODUCTION 

In the past two decades, blood loss in liver transplantation has decreased significantly due to 
improvements in anesthesiological and surgical techniques [1,2] .  Besides this, specific 
hemostatic changes, especially primary hyperfibrinolysis, have been shown to play a role in 
the origin of nonsurgical blood loss [3]. Hyperfibrinolysis mainly occurs during the anhepatic 
and postreperfusion periods due to increased levels of tissue-type plasminogen activator, the 
most important endogenous activator of plasminogen. This knowledge has provided a 

scientific basis for the use of antifibrinolytics, to improve hemostasis and to reduce blood 
transfusion requirements during liver transplantation. 

There are several pharmaceutical strategies to inhibit fibrinolysis. The most frequently 

used drugs are the lysine analogues and the serine protease inhibitor aprotinin. Although the 
efficacy of some of these drugs has been shown in randomized controlled trials (RCTs), 
concern has been voiced about possible thromboembolic complications in isolated case 

reports [4-8]. Case reports may have important signalling functions, but they do not allow firm 
conclusions concerning the presence of a specific drug-related risk. Such evidence should best 
come from prospective, RCTs. So far, none of the individual RCTs has shown a higher 

incidence of thromboembolic complications in patients treated with antifibrinolytic drugs, 
compared to placebo. However, these studies mainly focused on blood loss and transfusion 
requirements and none of the individual studies has been large enough to allow definitive 

conclusions on the risk of thromboembolic complications. 
We therefore performed a systematic review and meta-analysis on the efficacy and 

safety endpoints in all published controlled clinical trials on the use of antifibrinolytic drugs in 

liver transplantation [9-31 ] .  

METHODS 

Search Strategy and Selection of Trials 

A systemic literature search was conducted independently by two authors (IQM and RJP). The 
NCB I National Library of Medicine, the Cochrane Library and the ISi Science Citation Index 
Expanded were searched from 1966 to July 2005. The search strategy was set up using the 

following single text words and combinations: aprotinin, Trasylol, e-aminocaproic acid 

(EACA), Amicar, tranexamic acid (TA), antifibrinolytic drug, antifibrinolytics and liver 
transplantation. Reference lists of relevant articles were cross checked for other potentially 
relevant articles. Three authors (IQM, NW and RJP) reviewed all articles, which were classified 
as RCT, controlled trial (CT), or descriptive study (T). 
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Inclusion Criteria 

In the systematic review a l l  CTs, both randomized and nonrandomized, comparing 

antifibrinolytic drugs among each other or with placebo/contro l s  were included. A meta

analysis of both efficacy and safety endpoints was performed if three or more randomized, 

placebo-control led tria l s  existed for a given antifibrinolytic d rug. The only exclusion criterion 

was non-Engl ish language publ ications. 

Data Collection 

For each tria l ,  abstracted data included the frequencies of the events in the treatment and 

p lacebo/control group as wel l  as the number of patients a l located to both groups. Reports and 

descriptions such as 'no major complications were observed in the study' were not considered 

to represent zero events. Only expl icit description of the absence of any outcome event was 

considered as zero events. When these data were not clearly mentioned in the publ ished 

manuscript, authors or co-authors were contacted to complete the resu lts. 

The fol lowing data were considered important for the efficacy and safety ana lysis. Red 

blood cel l  (RBC) and fresh frozen plasma (FFP) transfusion requ i rements during transplantation 

were defined as the total amount of RBC or FFP u nits transfused from i nduction of anesthesia 

until closu re of the abdomen .  The development of hepatic artery thrombosis dur ing or unti l  30  

days after l iver transplantation, a l so when specific remarks were made that it was caused by 

techn ica l problems. lntraoperative and 1 -month venous thromboembolic events defined as 

every venous thromboembol ic event reported during o r  u nti l 30 days after l iver 

transplantation. lntraoperative and 1 -month morta l i ty was defined as any postoperative death 

during or unti l 3 0  days after l iver transplantation. 

In the efficacy and safety ana lysis we compared the various drugs (TA, EACA, 

aprotin in), irrespective of the dosage used. 

Quality of the Studies 

Methodologica l qua lity of the RCTs was assessed using a va l idated tool as described by Jadad 

[32 ] .  The components of qual ity are the qual ity of randomization, qual ity of double-bl i nding 

and reporting of withdrawa ls. For each of the fol lowing topics one point can be ach ieved: 

'randomized' study description, description of the randomization procedure, 'double-b l inding' 

study description, description of correct double-b l inding and description of dropouts. The 

Jadad qual ity scoring system is scored from O to 5, with a h igher score reflective of h igher 

qual ity. 
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Statistical Analysis 

Data from all eligible studies were analyzed using Comprehensive Meta-analysis (BiostatTM, 

Englewood, NJ). Results for continuous outcome parameters were converted to standardized 

differences and event rates were converted to odds ratios. The fixed effects model was adopted 

for all analyses. Heterogeneity was assessed by visual inspection of the forest plots and by the 

Q-statistic. Individual and pooled results were indicated by point estimates and 95% 

confidence intervals (95% Cl). Results for which the entire 95% confidence interval did not 

include zero (for standardized difference) or one (for odds ratio) were considered statistically 

significant. 

RESULTS 

Results of the trial selection process are depicted in Figure 1 .  We screened a total of 397 

abstracts from the combined searches. Of these 397 studies 181 appeared to be duplicates 

yielding 2 16 papers which were retrieved for more detailed information. After critical 

appraisal of these publications, 23 studies were identified that met the inclusion criteria of our 

systematic review [9-31 ]. Details of these studies are presented in Table 1 .  Detai Is on the trial 

selection process are presented in Figure 1. In 1 3  studies aprotinin and placebo or control 

groups were compared [1 6-1 8,2 1 -25,27-31 ]. In three studies a direct comparison of different 

dosages of aprotinin was made [19,20,26]. In two studies a head-to-head comparison between 

aprotinin and TA was made [14, 15], and in three studies TA was compared with placebo [9-

1 1 ] .  In one study EACA, TA and placebo were compared. Finally, one paper described a large 

cohort of patients receiving TA [1 3]. Of the 13 studies comparing aprotinin with placebo or 

controls six studies were RCTs suitable for inclusion in a meta-analysis [23,25,27,28,30,31]. 

Three of the four studies comparing TA with placebo or controls met the inclusion criteria for 

a meta-analysis [10-1 2] .  The design of the remaining studies precluded them from inclusion in 

the meta-analyses. All authors or co-authors of these studies were contacted to obtain 

complete data on all studies. Data not found despite contacting the authors or not getting in 

contact with the authors are marked in Table 2 by an x sign. 
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Figure 1. Results of the literature search and selection of trials for the systematic review and meta

analysis combined with a study flowchart. Reference numbers are presented as superscripts. 

Abbreviations used: AP, aprotinin; PL, placebo; CO, controls; TA, Tranexamic acid; EA, epsilon

aminocaproic acid; RCT, randomized controlled trial. 

Systematic Review of all Antifibrinolytic Drugs 

All trials presented in Table 1 were included in the systematic review [9-3 1 ] . A summary of 
the most important data is provided i n  Table 2. For the systematic review we have pooled a l l  
data of  the groups us ing the same drug. E ighteen aprotin in-treated groups were found leading 
to a tota l of 634 patients [1 4-3 1 ] . In three stud ies no data on adverse events were supplied 
[2 1 -23];  in five other studies some data were m issing despite repeatedly contacting the 
authors [ 1 6, 1 8,20,26,29] . 

Seven TA groups were identified yielding a tota l of 306 patients [9-1 5 ] .  An EACA 

group had been inc luded in only one tria l  includ ing a tota l of 42 patients [ 1 2 ] .  A l l  1 7  control 
or p lacebo groups of these studies were analyzed together yielding a control group of 425 
patients in the systematic review [9-1 2 , 1 6-1 8,21 -25,2 7-3 1 ] .  
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Cttabon Year N total AP PL Standardized difference of the mean 

Red blood cells ·2.00 -1.00 0,00 1,00 2,00 

WELTE 1993 20 10 10 

MILROY 1995 52 26 26 

MARCEL 1996 44 21 23 

GARCIA 1997 80 39 4 1  

PORTE 2000 136 88 48 
FINDLAY 2001 83 33 30 

Combined 395 217 178 

Fresh frozen plasma 

WELTE 1993 20 10 10  

MARCEL 1996 44 21 23 

GARCIA 1997 80 39 41  -
PORTE 2000 136 88 48 ---
FINDLAY 2001 63 33 30 

Combined 343 191 152 -
Favours Placebo Favours Aprobnrn 

Figure 2. Meta-analysis of randomized controlled trials comparing the effect of aprotinin or placebo 

on intraoperative red blood cell (RBC, standardized mean difference = 0.42, 95% C/  (0.22-0.62), p 

< 0. 000 7) and fresh frozen plasma (FFP, standardized mean difference 0.40, 95%C/ 0. 78-0. 62, p < 

0.00 7) transfusion requirements. Heterogeneity was tested and was not statistically significant (RBC, 

p = 0.58; FFP, p = 0.58). Abbreviations used: N total, total number of patients included in the 

study; AP, aprotinin; PL, placebo. 

Safety ana lysis: The overall incidence of hepatic artery thrombosis in controls was 2.5% 

(7/275). In patients who were treated with TA or EACA the incidences were 4.6% (1 4/306) and 

4.8% (2/42) respectively, whereas an incidence of 1.3% (5/372) was observed in the aprotin in

treated patients. 

The occurrence of venous thromboembolic events in controls was 1.5% (4/275). The 

overall incidence of venous thromboembolic events in patients who received TA, EACA or 

aprotinin was 0.7% (2/306), 0% (0/42) and 1 .4% (5/349), respectively. The overall 

perioperative mortality in controls was 7. 1 % (23/325). In patients who had received TA, EACA 

or aprotin in the perioperative mortality was 6.4% (19/296), 2.4% (1/42) and 4.1 % (15/367), 

respectively. 
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Table 1 .  Details of studies included in the systematic review 

First 
Author 

Neuhaus '0 

Mallett " 
Grosse 10 

Himmelreich 19 

Vassen " 

Welte 'J 

lckx '" 

Smith " 

Suarez " 

Patrassi ,. 

Milroy '0 

Soilleux '0 

Marcel " 

Boylan ,u 

Kaspar 

Garcia '" 

Llamas '" 

Study Year design 

1 989 CT 

1 990 CT 
1 991 CT 

1 992 RCT 

1 993 CT 

1 993 RCT 

1 993 CT 
1 993 CT 

1 993 CT 

1 994 CT 

1 995 R C T  

1 995 R C T  

1 996 R C T  

1 996 R C T  

1 997 R C T  

1 997 R C T  

1 998 CT 

Jadad No of Study score patients drugs 
(0-5) 

NA 20 AP/CO 

NA 24 AP/CO 
NA 50 AP/CO 

2 23 AP1 /AP2 

NA 20 TA/CO 

2 20 AP/PL 

NA 1 0  AP/AP 

NA 60 AP/CO 

NA 28 AP/CO 

NA 1 4  AP/CO 

5 52 AP/PL 

2 1 89 AP1/AP2 

4 44 AP/PL 

4 45 TA/PL 

4 32 TA/PL 

5 80 AP/PL 

NA 70 AP/PL 1 /PL2 

Treatment 

2 x 1 0° KIU during surgery 

2 x 1 0° KIU followed by 0.5 x 1 0° KIU/h during surgery; 70.000 KIU each RBC 
2 x 1 0° KIU followed by 0.5 x 1 0° KIU/h during surgery 

AP1 : 0.5 x 1 0° KIU in 3 boli (pre-anhepatic, anhepatic and postreperfusion period) 
AP2: continuous infusion: induction 0.2 x 106 KIU/h; anhepatic 0.4 1 06 KIU/h; 
postreperfusion 0.1 1 06 KIU/h 

TA: 10 mg/kg bolus followed by 3 mg/kg/h during surgery 

2 x 1 0" KIU followed by 0.5 x 1 0° KIU/h during surgery 

Variable dependent on TEG/clinical need; mean 0.2 x 1 0° KIU/h 

2 x 1 0° KIU followed by 0.5 x 1 0° KIU/h during surgery 

2 x 1 0° KIU followed by 0.5 x 1 0° KIU/h during surgery 

1 x 1 0° KIU followed by 0.5 x 1 0° KIU/h during surgery 

2 x 10° KIU followed by 0.5 x 1 0° KIU/h during surgery 

AP 1 :  2 x 1 0° KIU followed by 0.5 x 1 0° KIU/h during surgery 
AP 2: 0.5 x 1 06 KIU followed by 0.1 5  x 1 06 KIU/h during surgery 
0.2 x 1 0° KIU/h during surgery 

40 mg/kg/h (maximum 20 gram) from induction until reperfusion 

2 mg/kg/h during surgery 

2 x 1 0° KIU followed by 0.5 x 1 0° KIU/h during surgery 

AP: 2 x 10° KIU followed by 0.5 x 1 0° KIU/h during surgery 
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'I 
\.0 

Porte •u 

Dalmau " 

Dalmau 1• 

Findlay •1 

Dalmau 14 

lckx 10 

2000 R C T  

2000 R C T  

2001 T 

2001 R C T  

2004 R C T  

2005 R C T  

5 1 37 

3 1 26 

NA 1 22 

5 63 

5 1 27 

1 51  

AP1 /AP2/PL AP 1 :  2 x 10° KIU followed by 1 x 1 0° KIU/h during surgery and 1 x 1 0° KIU before 
re perfusion. 
AP 2: 2 x 1 06 KIU followed by 0.5 x 1 06 KIU/h during surgery 

TA/EACA/PL TA: 10 mg/kg/h. EACA: 16 mg/kg/h, from induction until reperfusion 

TA TA: 10 mg/kg/h. 

AP/PL 1 x 1 0° KIU followed by 0.25 x 1 0° KIU/h during surgery 

AP/TA AP: 2 x 1 0° KIU followed by 0.5 x 1 0° KI U/h during surgery. 
TA: 10 mg/kg/h during surgery 

AP/TA AP: 2 x 1 0° KIU followed by 0.5 x 1 0° KIU/h during surgery 
TA: 40 mg/kg/h 

Abbreviations used: CT, controlled trial (using historical controls); RCT, randomized controlled trial; NA, not applicable; AP, aprotinin; CO, 
controls; PL, placebo; TA, tranexamic acid; EACA epsilon aminocaproic acid; KIU, kallikrein inhibiting units; T, descriptive study. () 
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0 Table 2. Summary of the data of a l l  studies i ncluded in the systematic review. 

First 
Author Year 

TRANEXAMIC ACI D  
Yassen 9 

Boylan 1 0  

Kaspar 1 1  

Dalmau 12 

Dalmau 1 3  

Dalmau 1 4  

lckx 1 5  

1 993 

1 996 

1 997 

2000 

2001 

2004 

2005 

Study 
Design 

CT 

RCT 

RCT 

RCT 

T 

RCT 

RCT 

E-AMINOCAPROIC ACID 
Dalmau 1 2  

APROTININ 
Neuhaus 16 

Mallett 17 
Grosse 1 0  

Himmelreich 1 9  

lckx 20 

Smith 21 

Suarez 22 

Welte 23 

Patrassi 24 

Milroy 25 

Soilleux �0 

Marcel 27 

Garcia 28 

Llamas �� 
Porte au 

Findlay "1 

2000 RCT 

1 989 CT 

1 990 CT 

1 991  CT 

1 992 RCT 

1 993 CT 

1 993 CT 

1 993 CT 

1 993 RCT 

1 994 CT 

1 995 RCT 

1 995 RCT 

1 996 RCT 

1 997 RCT 

1 998 CT 

2000 RCT 

2001 RCT 

Treatment Control 
Group Group 

(TR) (CO) 
(number) (number) 

1 0  1 0  

25 20 

1 6  1 6  

42 42t 

1 22 -
64 -* 

27 -* 

42 42t 

1 0  1 0  

1 2  1 2  

25 25 

23 -* 

1 0  -* 

20 40 

1 3  1 5  

1 0  1 0  

7 7 

26 26 

1 89 -* 

2 1  23 

39 41 

20 50 

89 48 

33 30 

Thrombo-embolic events 
Jadad Venous 

HAT One-score 
lntraop 

(0-5) month 
TR co TR co TR co 

NA 0 0 0 0 0 0 

4 0 0 0 0 0 0 

4 1 0 0 0 0 0 

3 4 2t 0 ot 0 1 t 

NA 6 - 0 - 0 -
5 2 -* 

0 -* 
2 -* 

1 1 -* 
0 -* 

0 -* 

3 2 2t 0 ot 0 1 t 

NA X X X X X X 

NA 0 0 0 0 0 0 

NA 0 X 0 X 0 X 

2 0 -* X -. X -* 

NA 1 -* 
0 -* 

0 -* 

NA X X X X X X 

NA X X X X X X 

2 X X X X X X 

NA 0 0 0 0 0 0 

5 1 0 0 0 1 0 

2 X -* 
0 -* X -* 

4 0 0 0 0 0 0 

5 1 0 0 0 1 0 

NA X X X X X X 

5 0 3 2 1 0 2 

5 1 2 0 0 0 0 

Mortality 

lntraop One-
month 

TR co TR co 

X X X X 

0 0 0 3 

0 0 1 0 

0 ot 3 4t 

0 - 5 -
3 -* 

5 -* 

0 -* 
2 -* 

0 ot 1 4t 

0 0 0 0 

0 0 0 0 

X X X X 

0 -* 
0 -* 

X -. X -. 
X X X X 

X X X X 

X X X X 

0 0 1 0 

2 1 0 0 

0 -* X -* 

0 0 0 0 

0 0 1 3 
X X 4 6 

1 1 5 4 

0 0 0 1 
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Abbreviations used in Table 2: TR, treatment group; CO, controls; HAT, hepatic artery thrombosis; 

lntraop, intraoperative; NA, not applicable; RCT, randomized controlled trial; CT, controlled trial 

(historical controls/another drug/another dose); T, descriptive trial; x, no data despite contacting 

(co)authors; *, head-to-head comparison of aprotinin and other antifibrinolytic agent (); t, this 

group is presented twice in this table (3 study arms). 

Meta-analysis of Aprotinin versus Placebo 

Six of the studies appeared to be RCTs directly comparing aprotinin and placebo 
[23,25,27,28,30,31] . Results of these studies were included in the meta-analysis. A total of 
396 patients were included in these six studies; 218 receiving aprotinin and 178 receiving 

placebo. Heterogeneity was not statistically significant as presented in the Figures 2 and 3 .  

Efficacy analysis: Results on RBC transfusion requirements during liver transplantation were 

presented in all six trials (Figure2). Direction of the results is consistent and combined results 
of these studies showed a beneficial effect with lower RBC transfusion requirements in favor of 
the aprotinin-treated patients (standardized mean difference = 0.42, 95%CI 0.22-0.62, 

p<0.0001 ) .  The intraoperative use of fresh frozen plasma was presented in five studies 
comparing aprotinin and placebo (Figure2) [23,27,28,30,31). Significantly lower FFP 
transfusion requirements were found in the aprotinin-treated patients when compared with 

placebo (standardized mean difference = 0.40, 95%CI 0.18-0.62, p<0.001 ). 

Safety analysis: Data on perioperative hepatic artery thrombosis were available from five 

studies in which aprotinin was compared with placebo (Figure3) [25,27,28,30,31]. A meta
analysis of these data showed an incidence of 1 .4% (3/208) in the aprotinin-treated patients 
whereas an incidence of 3.0% (5/1 68) was observed in the placebo group (odds ratio 0.59, 

95%(1 0.19-1.83,p = 0.36). 
Venous thromboembolic events were reported in five of the studies included in the 

meta-analysis (Figure3) [25,27,2 8,30,31 ]. The overall incidence of venous thromboembolic 

events in aprotinin-treated patients was 1.9% (4/208) versus 1.8% (3/168) in patients who 
received placebo (odds ratio 0.92, 95%CI 0.28-3.00, p = 0.89). 

The results on perioperative mortality were presented in five of the studies included in 

the meta-analysis (Figure3) [25,27,28,30,31 ]. Mortality rate in the patients who received 
aprotinin or placebo was 3.9% (8/2 08) and 5.4% (9/168), respectively (odds ratio 0.65 95%CI 
0.26-1.68, p = 0.38). 
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Citation Year N total AP PL 

Hepatic artery thrombosis 0,01 

MILROY 1995 52 1 1 26  0 1 26  

MARCEL l!JOO ... 0 1 :11  0 / 23 

GARCIA HUElE 19!17 80 1 / 39 0 / 4 1  

PORT[ :,000 137 0 / 89  3 / 48  

F1NOLAY 1001 63 1 / 33 2 / 30  

Can- tit 379 3 / 208 5 1 1811 

Venous thrombo-embolic events 

M LROY ID!IS 52 1 / :NI  0 / :NI  

MARCEL 19!16 ... 0 / 21 0 1 23 

CARCIA tH..ETE 1907 80 1 / JU 0 141  

PORT[ ,000 137 2 / 89 3 / 48 

FINDLAY 1001 63 0 /  33 0 / 30  

Can- tit 378 4 / 208 3 1 1M 

Penoporativo mortality 

MILROY '91'.JS 52 2 1 26 I 26 

MARCEL 1096 •• 0 / 71 , 73 

GARCIA HUE TE '""' IIO 1 / 39 ) 41 

PORT[ ,000 137 5 1 80 • •• 
rlUOLAY 1001 63 0 / 33 I 30 

Canblnod ( ft  379 8 / 208  D / 188 

Odds rat o 

0.1 10 

• d;-
-- . 

±" 

4 
Favours Aprobnm Favours Placebo 

1()0 

Figure 3. Meta-analysis of randomized controlled trials comparing the effect of treatment with 

aprotinin or placebo on hepatic artery thrombosis (HAT, Odds ratio 0.59, 95% CI  0. 19- 1 .83, p = 

0.36), venous thromboembolic events (VTE, odds ratio 0.92, 95%CI 0.28-3.00, p = 0.89) and 

perioperative mortality (MORT, Odds ratio 0. 65 95%CI 0.26- 1 . 68, p = 0.38). No significant 

difference was found when comparing aprotinin and placebo groups. Heterogeneity was tested and 

was not statistically significant (HAT, p = 0.39; VTE, p = 0. 69; MORT, p = 0. 83). Abbreviations 

used: N total, total number of patients included in the study; AP, aprotinin; PL, placebo. 

Meta-analysis of TA versus Placebo 

A comparison between TA and placebo has been performed in three RCTs [1 0-1 2 ] .  Data from 

these stud ies were included in the meta-analysis on TA. A tota l of 1 6 1 patients were included 

in these studies, 83 receiving TA and 78 receiving placebo. There was no statistical ly 

significant heterogeneity as presented in the Figures 4 and 5 .  

Efficacy analysis: Data o n  R B C  requ i rements during transplantation were presented i n  a l l  th ree 

trials (F igure 4) [1 0-1 2 ) .  Combined resu lts y ie lded a significant difference between the two 

groups with lower transfusion requirements in the patients who received TA (standardized 

mean difference 0.43, 95%CI 0.1 2-0.74, p = 0.007). No sign ificant d ifference was found 

when comparing the intraoperative use of FFP in the TA- and placebo-treated patients 

(standardized mean difference 0.30, 95%CI -0.01 to 0.61 , p = 0.06). 
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C1tat1011 Year N total TA PL 
Standardized difference of the mean 

Red blood cells 
-2.00 ·1,00 0,00 1,00 2,00 

BOYLAN 1996 45 25 20 

--fl 
KASPAR 1997 32 16 16 

DALMAU 2000 64 42 42 
Canlined 161 83 78 

Fresh frozen plasma 

BOYLAN 1996 45 25 20 

·[ 
KASPAR 1997 32 16 16 

DALMAU 2000 64 42 42 
Canblned 181 83 78 

Favours Placebo Favours Tranexamic acid 

Figure 4. Meta-analysis of randomized controlled trials comparing the effect of treatment with 

tranexamic acid or placebo on red blood cell (RBC, standardized mean difference 0.43, 95% CI 

0. 12-0. 74, p = 0.007) and fresh frozen plasma (FFP, standardized mean difference 0.30, 95 %CI -

0.0 1  to 0. 6 1, p = 0.06) transfusion requirements. Heterogeneity was tested and was not statistically 

significant (RBC, p 0.2 1; FFP, p 0.34). Abbreviations used: N total, total number of patients 

included in the study; TA, tranexamic acid; PL, placebo. 

Cotabon Year N total TA PL Odds rabO 

Hepatic artery thrombosis 
0,01 0,1 10 1 00 

BOYLAN 1 996 45 0 1 25 0 / 20 

·1 
KASPAR 1 997 32 1 / 16  0/  16 I 
DALMAU 2000 84 4 / 42 2 / 42 : Combined (3) 161 5 / 63 2 1 76 

Venous thrombo-embohc events 

BOYLAN 1996 45 0 / 25 0 / 20 

:t KASPAR 1997 32 0 /  16  0/  16 
DALMAU 2000 84 0 / 42 1 / 42 I 
Combined (3) 161 0 1 83 1 1 76 

PenoperatJve mortahty 

BOYLAN 1996 45 0 1 25 3 1 20 I 

·1 
KASPAR 1997 32 1 1 16 0 /  16 I 
DALMAU 2000 84 3 1 42 4 / 42 
Combined (3) 161 4 1 83 7 I 78 

Favours Tranexamic acid Favours Placebo 

Figure 5. Meta-analysis of randomized controlled trials comparing the effect of treatment with 

tranexamic acid or placebo on hepatic artery thrombosis (HAT, odds ratio of 2.03, 95%CI 0.49-

8.42, p = 0.33), venous thromboembolic events (VTE, odds ratio 0.56, 95% CI 0.07-4.36, p = 0.58) 

and perioperative mortality (MORT, odds ratio 0.57, 95%CI 0.18-1. 79, p = 0.33). No significant 

difference was found when comparing tranexamic acid and placebo groups. Heterogeneity was 

tested and was not statistically significant (HAT, p = 0.87; VTE, p = 0.89; MORT, p = 0.29). 

Abbreviations used: N total, total number of patients included in the study; TA, tranexamic acid; PL, 

placebo. 
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Safety analysis: Data on the occurrence of hepatic artery thrombosis were obtained from all 
three trials (Figure 5) 110-12] .  Combined analysis yielded an incidence of hepatic artery 

thrombosis of 6.0% (5/83) in the TA-treated patients, compared with 2.6% (2/78) in patients 
who received placebo (odds ratio of 2 .03, 95%CI 0.49-8.42, p = 0.33). 

Data on venous thromboembolic events were reported in all three trials included in the 

meta-analysis (Figure 5) [10-12] .  The overall incidence of venous thromboembolic events was 
1.3% (1/78) in the placebo-treated patients and no venous thromboembolic events were 
observed in the TA-treated patients (odds ratio 0.56, 95%CI 0.07-4.36, p = 0.58). 

The results on perioperative mortality were presented in all three studies (Figure 5) [10-
1 2] .  Mortality rates in the TA- and placebo-treated patients were 4.8% (4/83) and 9.0% (7/78), 
respectively, yielding no statistically significant difference in favor of one of them (odds ratio 

0.57, 95%CI 0.18-1.79, p = 0.33). 

DISCUSSION 

This is the first systematic review and meta-analysis on the efficacy and safety of 
antifibrinolytic drugs in liver transplantation. The results c learly show that both aprotinin and 
TA significantly reduce RBC transfusion requirements during liver transplantation. Aprotinin, 
but not TA, also significantly reduces intraoperative use of FFP. In addition, the safety analysis 

of all published (randomized) CTs does not provide evidence for an increased risk of hepatic 
artery thrombosis, venous thromboembolic events or mortality in patients who received an 
antifibrinolytic drug while undergoing liver transplantation. 

The efficacy of aprotinin and TA in reducing RBC transfusion requirements has been 
shown in several RCTs [10, 12,30,31] . This systematic review and meta-analysis confirms the 
results of these previous studies. However, the main objective to perform this analysis was 

based on safety concerns and much less on efficacy issues. Since the clinical introduction of 
antifibrinolytics to prevent blood loss during surgery, it has been debated whether these drugs 
may be prothrombotic and lead to an increased risk for ischemic end-organ damage [4-8,33-

35]. This debate was primarily fed by case reports of patients who suffered an intraoperative 
pulmonary embolism while receiving an antifibrinolytic drug [4-8,33,34].  Venous 
thromboembolic complications may occur during or after any type of major surgery [36] . Liver 

transplantation has historically received much attention for its risk of excessive bleeding and 
much less attention has been paid to the risk of venous thromboembolic complications. 
Nevertheless, it has become clear in recent years that this procedure is not exempt from this 

type of complication and pulmonary embolisms have also been described in liver transplant 
patients who did not receive any antifibrinolytic drug [34,37 40]. In fact, several factors 
inherent to the procedure of liver transplantation are associated with activation of the 

coagulation system [34,41 ] .  Excessive activation of the coagulation system secondary to injury 
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of a large capi l lary bed, venous stasis due to (partia l )  clamping of the caval and porta l vein, 

ischemic insult of the intestines, activators released from the graft, massive blood loss, septic 

compl ications at the time of transplantation and the use of venovenous bypass may a l l  

contribute to th is increased risk for thromboembol ic compl ications [34,41 ] .  

A lthough the exact incidence of venous thromboembolic compl ications in  l iver 

transplant patients is unknown, it i s  bel ieved to be underestimated [34,42 ] .  Subc l i n ical  

pulmonary thromboembol ism may be common upon graft reperfusion and an incidence rate 

of 1 % has been reported for postoperative pu lmonary embol isms [34,43] .  In the current 

systematic review, the incidence of venous thromboembolic events during the intra- and 

postoperative period in the patients who received placebo was 0 .4% and 1 . 1  %, respectively, 

resu lting in an overa l l  perioperative incidence of approximately 1 .5%. In patients who 

received aprotin in  or TA, the overa l l  perioperative incidence of venous thromboembol ic 

events was comparable (1 .4% and 0.7%, respectively). These percentages are in accordance 

with previous reports of other series of l iver transplant recipients [43 ] .  Importantly, the meta

ana lyses on aprotin i n  and TA did not show any significant differences in th rombotic 

compl ications between patients treated with one of these two drugs or placebo. Altogether, 

these resu lts do not provide evidence for an increased risk of venous thromboembol ic 

compl ications with the use of aprotinin or TA. A lthough EACA is widely used by l iver 

transplant programs in the Un ited States, this drug has been studied in only one RCT and no 

benefit was shown when compared to p lacebo [1 2 ] .  Based on the current l iterature, the 

prophylactic use of EACA in l iver transplant recipients outside the setting of prospective tria ls, 

therefore, cannot be recommended. 

Hepatic artery thrombosis early after transplantation is a serious compl ication which in  

most cases resu lts in b i le  duct necrosis necessitating retransplantation, even if a n  urgent 

thrombectomy has been performed successfu l ly [44] . In  the current ana lysis, the overa l l  

incidence of hepatic artery thrombosis in patients who received p lacebo was 2 .5%, which is 

similar to what has been reported in the l iterature before [44] . The overa l l  incidence rates of 

hepatic a rtery thrombosis in patients treated with TA or EACA were a round 4.5%, ind icating 

that there is no evidence for a h igher risk of hepatic artery thrombosis with these drugs. In  the 

systematic review, the overa l l  incidence of hepatic artery thrombosis in patients treated with 

aprotin in  was lower than in any other group, suggesting that aprotin in  might reduce the risk of 

hepatic artery thrombosis. However, a systematic review does not a l low a forma l statistical 

analysis and more importantly this finding was not confi rmed by the meta-analysis. 

Although a meta-ana lysis may provide a high level of scientific evidence, it is 

important to realize the l imitations of interpreting results of meta-analyses. The current meta

ana lysis was based on underpowered studies, which, in general ,  is assoc iated with a risk of 

overestimating d ifferences between two groups. In  our analysis, we have found no major 

differences with respect to safety aspects. Therefore, overestimation may not have been a real 

prob lem. However, the lack of differences in thromboembol ic events does not necessari ly 
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mean that there is no increased thrombotic risk associated with the use of antifibrinolytic drugs 
in a specific subset of patients. Relevant subgroups might be missed in a meta-analysis. In 

addition, different drug dosages have been used in the different studies. Obviously, only a 
large prospective randomized trial with thromboembolic events as the primary endpoint 
would provide definitive evidence on these issues. Yet this type of study would require over 

5000 patients to show for example a significant difference in the incidence of hepatic artery 
thrombosis. Unfortunately, however, such a study does not exist, nor is it likely that such a 
study will be initiated in the near future. Therefore, this systematic review and meta-analysis 

provides us the highest level of evidence we can obtain at this moment. 
Another subject that deserves further attention is the most optimal dosing of 

antifibrinolytic drugs in liver transplant recipients. Various dosing schemes have been used in 

the different studies reported so far and the total amount of drug administered per patient may 
differ accordingly. Future studies should aim at identifying the lowest effective doses. Finally, 
it wou Id be more ideal if, instead of given antifibrinolytics as routine prophylaxis, we could 

preoperatively identify patients who would benefit most from an antifibrinolytic drug, thereby 
avoiding extra costs and side effects in those patients who do not really need the drug. 
Although many centers already use antifibrinolytics only in so-called high risk patients, there 

is no uniform definition of these patients. Unfortunately, it is not very likely that uniform 
practical guidelines or criteria to identify patients with a high risk for blood transfusion will 
become available in the near future, because several studies have shown that intraoperative 

blood loss in I iver transplantation is very hard to predict based on preoperatively available 
clinical patient data [45,46]. In addition, hyperfibrinolysis-induced bleeding may become 
most pronounced in the postreperfusion stage of the operation and depends to a great extend 
on the quality of the donor liver, which is not reflected by the preoperative condition of the 
recipient [47]. 

In this meta-analysis we were not able to study other clinically relevant outcome 

parameters, such as renal toxicity. Two recent studies in patients undergoing cardiac surgery 
have brought forward a possible relationship between the use of aprotinin and renal failure 
[35,481. In liver transplantation, renal function in relation to the use of aprotinin has been 

evaluated in only one study in a subgroup of patients enrolled in the European multicenter 
trial [49]. This study did not reveal significant differences in postoperative renal function in 
patients receiving aprotinin, compared to patients receiving placebo. However, this study 

consisted of a total of 93 patients, which may have been too small to detect small, but 
clinically relevant differences in the incidence of renal failure. More and larger studies will be 
needed to settle the merits and risk of aprotinin compared to other antifibrinolytic agents in 

liver transplantation [SOJ. 
In conclusion, this systematic review and meta-analysis strongly confirms the blood 

transfusion reducing effect of aprotinin and TA in patients undergoing liver transplantation. 

Much less evidence exists with respect to the efficacy of EACA and more studies on this 
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antifibrinolytic drug will be needed. Importantly, this systematic review and meta-analysis, 

summarizing a total of 1407 patients, does not provide evidence for an increased risk of 

thromboembolic complications in liver transplant recipients who receive antifibrinolytic drugs. 
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ABSTRACT 

Aprotinin is an antifibrinolytic drug which reduces blood loss during orthotopic liver 

transplantation (OL T). Case reports have suggested that aprot in in may be associated w ith an 

increased risk of thromboembol ic complications. Recent studies in cardiac surgery also 

suggested a higher risk of renal failure and postoperative mortal ity. Despite these concerns, no 

large-scale safety assessment has been performed in OL T. 

In a retrospective observational study, involving 1492 liver transplants, we studied the 

occurrence of postoperative thromboembolic or thrombotic events and mortality in patients 

who received aprotin in (n=907) compared with those who did not (n=585). The overall 

incidence of hepatic artery thrombosis and central venous complications (pulmonary 

embolism or inferior vena cava thrombosis) was 3.2% and 0.9%, respectively. In propensity 

score-adjusted analyses ((-index 0.79), aprotin in was not associated with an increased risk of 

hepatic artery thrombosis (OR=l .00, 95%(1=0.50-2.01;  p=0.86). Although central venous 

compl ications were found more frequently in patients receiv ing aprotinin, the d ifference was 

not statistically significant (OR=2.95, 95%0=0.54-16.23; p=0.32). In add i tion, no significant 

differences were found in one-year mortal ity (OR=l .21, 95%(1=0.86-1.71;  p=0.32). 

In conclusion, this study did not demonstrate an increased risk of thrombotic complications or 

mortal ity when aprotin in is used during OLT. 
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INTRODUCTION 

Orthotopic liver transplantation (OL T) is a major surgical procedure, which historically has 
been associated with a risk of massive intraoperative blood loss (1 ,2 ] .  The cause of increased 

bleeding during OL T is multifactorial (3,4]. Besides the obvious relationship between surgical 
skills and perioperative blood loss, specific intraoperative disturbances in the hemostatic 

system, such as hyperfibrinolysis, have been identified as an important cause of non-surgical 
bleeding in these patients [4,5 ] .  During the last decade, blood loss and transfusion 

requirements have decreased gradually due to increasing experience, improvements in 
surgical and anesthetic methods, and the use of antifibrinolytic drugs, such as aprotinin [6]. 

Aprotinin is a natural polypeptide derived from bovine lung and a serine-protease 

inhibitor. It has the ability to reduce fibrinolysis by inhibiting the action of a wide range of 
serine proteases, including plasmin and kallikrein [7] . In several randomized controlled trials, 
aprotinin has been shown to reduce intraoperative blood loss in patients undergoing liver 

transplantation by 30-50% [8-10]. 
Case reports, however, have pointed towards an important safety concern: the 

potential higher risk of thromboembolic complications [11-13].  Recently, the use of aprotinin 

in patients undergoing cardiac surgery has even been associated with a higher risk of renal 
failure and postoperative mortality (14-1 6] . In liver transplantation, a recent meta-analysis of 
randomized controlled trials did not provide evidence for an increased risk of thromboembolic 

events or postoperative mortality associated with antifibrinolytic drugs (17]. This meta
analysis, however, included studies that were not primarily designed to study thromboembolic 
complications and meta-analyses are often limited by the heterogeneity of patient populations 

and variations in drug dosing. Moreover, randomized controlled trials are usually performed in 
selected patient populations with a relatively low risk profile for postoperative complications. 
To investigate the impact of aprotinin on the occurrence of thromboembolic complications in 

every day practice, we studied a large series of patients from the three participating European 
centers who underwent liver transplantation. 

PATIENTS AND METHODS 

Study Population 

Patients undergoing a liver transplantation at the Royal Free Hospital (RFH) in London, 
Addenbrooke's Hospital in Cambridge, or the University Medical Center (UMCG) in 

Groningen between January 1 994 and December 2004 were included in this study. Excluded 

were children (:::1 7 years), patients undergoing retransplantations or combined organ 
transplantations, and patients receiving a split or reduced size liver graft. In addition, patients 

who received other antifibrinolytic drugs, such as tranexamic acid, were excluded from this 
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study. The popu lation could be devided in 2 eras; patients who were transplanted between 

1 994 and 1 998, and transplant recip ients between 1 999 and 2004. In the three centers, 

patient characteristics, demographic variables as wel l as perioperative c l in ica l variab les and 

postoperative outcome are prospectively col lected in  an institutional l iver transplant database. 

These computer databases are maintained by dedicated scientific personnel and are regu larly 

val idated. Data from these observationa l  databases were used for the current analysis. Missing 

variables were completed from the medica l records i f  possible. 

Transplants were performed using either the conventional techn ique (with or without 

the use of venovenous bypass) or the piggyback technique with preservation of the recipients' 

inferior vena cava. The use of venovenous bypass was dependent of the consultant anesthetist 

and surgeon. Aprotin in (Trasylol ,  Bayer AG, Wuppertal ,  Germany) was administered 

according to i nsti tutional guideli nes and i ndependent on the attending surgeon.  At the RFH, 

prophylactic use of aprotin in was general ly recommended in  a l l  patients except those with 

cholestatic l iver disease. At Addenbrooke's Hospita l ,  aprot in in  was given to a l l  patients except 

those w ith cholestatic l iver disease and norma l  coagulation screening tests, or a pre-existing 

thrombotic condition. At the U MCG, aprotin in was recommended in all patients undergoing 

l iver transplantation, except patients with known thrombophi l ia or pre-existing thrombotic 

cond itions, or signs of hypercoagu labi l ity on thrombelastography at time of induction of 

anesthesia. Based on evolving scientific evidence concern ing the efficacy of aprotin in  [1 0, 1 8] ,  

guidel ines have been sl ightly modified during the study period. Aprot in in was in a l l  three 

centers admin istered intravenously as fol lows: 2 x 1 0  ka l l ikre in inh ibiting un its (K IU) over 30 

minutes after i nduction of anesthesia, fol lowed by a continuous infusion of 0 .5 x 1 0  KIU/hr 

dur ing the procedure. The infusion of aprotin in was stopped 2 hours after reperfusion of the 

donor l iver. 

Postoperative Management 

Patency of the l iver graft vessels was checked regu larly during the fi rst postoperative week 

using Doppler u l trasound. After the first week Doppler u ltrasound was performed in the event 
of a rise in serum l iver enzymes or any other c l in ical suspicion for a thrombotic compl ication. 

The diagnosis of hepatic artery thrombosis was a lways confirmed by conventional 

angiography or CT angiography. Pu lmonary embol ism or inferior vena cava thrombosis were 

detected by CT angiography or a pu lmonary perfusion scan performed in case of c l in ical 

symptoms. In some patients partia l ly  occluding thrombi of the central venous system were 

found incidenta l ly  du ring i maging studies performed for another reason .  

Data Collection 

The fol lowing varia bles were inc luded i n  this ana lysis: center and era of transplantation, 

recipient age and gender, i ndication for transplantation, preoperative serum creatin in, a lbumin 

and tota l bi l i rubin levels, internationa l  norma l ized ratio of the prothrombin t ime ( INR) and 
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model for end-stage l iver disease score (MELD-score), intraoperative use of venovenous bypass 

and the use of aprotinin, total (cold and warm) ischemia time of the donor l iver. Primary 

endpoints in th is study were the occurrence of hepatic artery thrombosis and central venous 

thromboembolic complications within 30 days after surgery and mortal ity within one year 

after transplantation. Central venous thromboembolic compl ications were defined as either 

pulmonary embolism (PE) or (partial or complete) thrombosis of the inferior vena cava ( IVCT). 

Statistical Analysis 

Statistical analysis was performed using the SPSS/PC Advanced Statistics Package, Version 

12.0 (SPSS, Chicago, IL). Categorical variables are presented as numbers with percentages, 

continuous variables as medians and interquartile ranges ( IQR). Baseline and postoperative 

d ifferences between groups were compared with the Pearson's chi-square test or Fisher's exact 

test for categorical variables and the Mann-Whitney U test for continuous variables. Actual 

one-year patient survival rates were calculated and compared using Pearson's ch i-square test. 

Since treatment assignment was not based on random allocation and the two groups 

(aprotinin versus no aprotinin) were therefore not expected to be comparable with respect to 

important covariates, propensity score stratification was used to control for these differences. 

To identify variables that were unbalanced between patients who received aprotinin versus 

those who did not, univariate comparison was performed for all potential confounding 

covariates that could potentially affect treatment decision [ 19]. A stepwise mult iple logist ic 

regression model was then fit w ith covariates with a p-value � 0. 10 to determine important 

pred ictors of treatment selection. A model, which consisted of 8 variables including center, 

era, age and gender of the recipient, ind ication for transplantation, preoperative serum 

creatinine, bil i rubin and INR, was subsequently used to calculate the propensity score for each 

individual patient. The area under the receiver operat ing characteristic curve (C- index) for this 

model was 0.79, indicating good discrimination between patients receiving aprotinin versus 

no aprotinin. Patients were then sorted by propensity score and clustered into quintiles 

accordingly. After stratification by propensity score, the two groups were again compared for 

all covariates, using the Cochran-Mantel-Haenszel chi-square test and two-way ANOVA, to 

identify any remaining bias. The effect of aprotinin on each endpoint was then analyzed 

within each quintile. The Mantel-Haenszel odds ratio, representing a composite of the 5 odds 

ratios derived from each quintile, was calculated in addition to the Cochran-Mantel-Haenszel 

chi-square. Statist ical tests were assumed to have reached significance at the conventional 

level of 0.05. 
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RESULTS 

Patients Characteristics 

A tota l of 1 492 l iver transplant recip ients, transplanted between January 1 994 and December 

2004 met the study criteria and were included. Patient characteristics as wel l  as surgical 

variables of the entire group a re summarized in Table 1 . lntraoperative prophylaxis with 

aprotin in was given in 907 patients (60%), whi le 585 patients (40%) did not receive aprot in in .  

S ince treatment assignment was not based on random a l location, large differences were noted 

in perioperative variables among the two groups. These differences were adequately corrected 

after propensity adjustment (Table 1 ). On ly the MELD-score and recipients age rema ined 

sign ificantly d ifferent between the two groups. However, the median MELD scores were 

s imi lar in the two groups and the absolute difference in age was smal l  and d id not appear to 

be cl in ically relevant. 

lntraoperative Use of Aprotinin and Postoperative Thrombotic Complications 

The overa l l  incidence of hepatic a rtery thrombosis was 3 .2% and the incidence of central 

venous thromboembolic compl ications (PE or IVCT) was 0.9%. The incidence of hepatic 

a rtery th rombosis was h igher (3 .5% vs. 2 .6%) and venous th romboembolism was greater 

(1 .2% vs. 0.3%) in aprotinin-treated patients, but this did not reach statistical sign ificance 

(Figure 1 ). Of a l l  patients, 2 1 5  ( 1 4.4%) had died with in 1 year after transplantation. There was 

no significant difference in the unadjusted one-year morta l ity rate between the two groups 

(Figure 1 ) .  

As  was noted above, the two groups were not completely comparable a t  basel ine. We, 

therefore, reana lyzed the risk of thromboembol ic compl ications after propensity score 

stratification (Table 2) .  There was no significant difference in the risk of developing hepatic 

artery th rombosis in  patients who had received aprotinin compared to those who had not 

(OR=l .00, 95% C l=0.50-2 .01 ; p=0.86). In addition, no significant d ifferences were found in 

the risk of venous thromboembol ic events (OR=2 .95, 95% C l=0.54-1 6.23; p=0.32)  or in the 1 -

year patient mortal ity (OR=l .2 1 ,  95% Cl=0.86-1 . 7 1 ;  p=0.32)  among the two groups (Table 2) .  
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Table 2. Characteristics of the Entire Study Population 

Variables Total population 

n= 1 492 

Center 

I 593 40% 
II 302 2 1 %  
Ill 597 40 % 

Era 
I 820 55% 
I I  672 45% 

Age (years) 51 (42-58) 
Gender 

Male 874 58% 
Female 6 1 8  42% 

Diagnosis 

Biliary cirrhosis 340 23% 
PBC 1 80 
PSC 1 53 
SBC 7 

Postnecrotic cirrhosis 9 1 3  6 1 %  
HBV 1 1 0  
HCV 287 
Alcoholic 270 
Cryptogenic 1 09 
Autoimmune 62 
a-1 antitrypsine deficiency 2 1  
Cirrhotic other 54 

Acute liver failure 1 20 8% 
Miscellaneous 1 1 9  8% 

Preoperative serum creatinine (mg/dl) 0.95 (0.81-1 , 1 8) 
Preoperative serum bilirubin (mg/dl)  2.98 (1 .52-6.67) 
INR 1 .5 (1 .2-1 .9) 
MELD 15 ( 1 1-2 1 )  
Technique 

with VVB 365 25% 
without VVB 1 071  72% 

Total lschemia Time (min) 669 (533-797) 

No Aprotlnln Use Aprotlnln Use 

n= 585 (40%) n=907 (60%) 

1 1 1  1 9% 482 53% 
1 98 34% 1 04 12% 
276 47% 321 35% 

405 69% 4 1 5  46% 
1 80 3 1 %  492 54% 
50 (39-57) 58 (44-58) 

3 1 5  54% 559 62% 
270 46% 348 38% 

1 78 30% 1 62 1 8% 
90 90 
84 69 
4 3 

288 49% 625 69% 
31 79 
64 223 
83 1 87 
50 59 
32 30 
1 0  1 1  
1 8  36 

47 8% 73 8% 
72 1 2% 46 5% 
0.93 (0.76-1 . 1 5) 0.99 (0.83-1 .20) 
3.28 (1 .52-7.62) 2.81 (1 .46-6.08) 
1.4 ( 1 .2-1 .8) 1 .5 (1 .3-1 .9) 
15 ( 1 1 -20) 15 (12-21 ) 

1 45 25% 220 24% 
386 66% 685 76% 

665 (51 4-795) 672 (541 -799) 

p-valuet 

<0.001 

<0.001 
<0.001 
<0.001 

0.002 
0.003 

<0.001 

<0.001 

0.99 
<0.001 
<0.001 

0.06 

<0.001 
0.03 
0.21 

0.27 

p-value:S: 

0.54 

0.57 
0.99 
0.22 

<0.001 
0.99 

0.78 

0.56 

0.95 
0.63 
0.57 
0.20 

0 . 18  
0.04 
0.41 

0 . 1 7  
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Data in Table 2 are reported as median (interquartile range) or number and proportion. 

Abbreviations used: PBC, primary biliary cirrhosis; PSC, primary sc/erosing cholangitis; SBC, 

secondary biliary cirrhosis; HBV, hepatitis B virus; HCV, hepatitis C virus; INR, international 

normalized ratio; MELD, model for end-stage liver disease; VVB, venovenous bypass. t p-values are 

for the comparison between patients treated with aprotinin a nd patients without. :f: p-values are 

those calculated after adjustment according to propensity score stratification. 

20% 

1 5% 

1 0% 

5% 

0% 

Io no aprotinin • aprotinin I 

p = 0.10 -

2,6% 3,5% 

-l _c:1111 
HAT 

p = 0.08 -

0,3% 1 ,2% 

Venous TE 

p = 0.34 -

1 -year Mortality 

Figure 1 .  Unadjusted comparison of the rate of postoperative hepatic artery thrombosis (HAT), 

venous thromboembolism (venous TE), and I-year mortality in liver transplant recipients who were 

given aprotinin and those who did not receive aprotinin during the procedure. 

Table 2 .  Propensity score-adjusted risk of postoperative thromboembol ic events and mortal ity i n  

patients who received aprotin i n  compared to controls. 

Outcome event 

Hepatic artery thrombosis 

Venous thromboembol ic events 

1 -year patient morta l i ty 

Odd's ratio (95% Cl) 

1 .00 (0.50-2 .01 ) 

2.95 (0.54-1 6.23) 

1 .2 1  (0.86-1 . 7 1 )  

p-value 

0.86 

0.32 

0.32 

* Venous thromboembolic events include pulmonary embolism a nd inferior vena cava thrombosis 
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DISCUSSION 

In  this large, retrospective, observational study in  1 492 adu lts undergoing a first orthotopic 

l iver transplantation, intraoperative treatment with aprotin in  was not associated with a 

sign ificantly increased risk of postoperative thromboembol ic events, compared with controls. 

Moreover, no sign i ficant differences were found in  the mortal ity rate with in  one year after 

transplantation between patients who received aprot in in and patients who did not. 

The efficacy of aprotin in  in reducing blood transfusion requi rements during OL T has 

been demonstrated in  mu ltiple randomized controlled trials [1 0, 1 8] .  Recently however, it has 

been debated whether aprotin in  may be associated with important side effects, such as 

thromboembol ic compl ications or renal fa i l u re, in  cardiac surgical patients [1 2,20] .  In  patients 

undergoing cardiac surgery, retrospective studies have even suggested a h igher risk of 

postoperative mortal ity when aprotin in was given [1 5 ,  1 6] .  

I n  l iver transplantation the debate on the c l in ical safety of aprotin in  was primarily fed 

by case reports of patients developing an intraoperative PE and / or intracardiac thrombosis 

whi le aprotin in  was given. In  a recent review of 74 cases of PE and / or intracardiac 

thrombosis in  patients undergoing l iver transplantation, i t  appeared that these thrombotic 

compl ications may occur both in patients who do or do not receive aprotinin, leaving 

undetermined whether aprotin in  is associated with an increased risk or not [2 1 ] .  Compared to 

venous thromboembol ic compl ications, hepatic a rtery thrombosis is far more common after 

l iver transplantation. The inc idence reported in the l i terature varies from 1 .8 to 9.0% [22,23 ] .  

In  particular hepatic artery th rombosis occurring early after OL  T i s  a serious compl ication, 

which may result in  b i l ia ry strictures due to b i le duct ischemia or even graft fa i lure [24] . In the 

current study we focused on the occurrence of hepatic artery thrombosis with in 30 days after 

transplantation, because we fel t  it un l ikely that a drug l ike aprotin in, wh ich is only given 

intraoperatively, would have an impact at a longer time interval after transplantation . The 

observed incidence of (early) hepatic artery thrombosis in the current study was 3 .2%, which 

is in  accordance with data publ ished by others [1 7,22 ] .  The propensity-adjusted risk of 

postoperative hepatic artery thrombosis was not increased in patients who had been given 

aprotin in  during the transplant procedure. This finding is in accordance with a recent meta

analysis of prospective studies focusing on the safety and efficacy of antifibrinolytic drugs i n  

l iver transplant recipients [1 7 ] .  

Venous thromboembol ic complications, such as thrombosis of  the vena cava or PE, are 

rarely seen in patients undergoing l iver transplantation and the exact incidence is unknown. It 

has been suggested that the occurrence of intraoperative PE is underestimated and some 

authors have indicated that this type of thromboembo l ic comp l ication may occur in up to 1 % 

of the patients [25 ,26] .  In one series the incidence of postoperative PE was reported to be 1 % 

[2 7] and postoperative thrombosis of the inferior vena cava has been described in up to 2 .5% 

[28] . Although these events a re infrequent, they a re not  infrequently letha l  [2 1 ] .  
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In the current study, the overall i ncidence of postoperative central venous 

thromboembolic events was 0.9%. The unadjusted analysis showed a 4-fold higher incidence 

of venous thrombotic compl ications in patients who had received aprotin in, compared to 

those who had not, and this was borderli ne statist ically significant. In the propensity-adjusted 

analysis, the use of aprotin in was associated with a 2 .95-fold h igher risk of central venous 

thromboembolism. Although th is again was not stat istically signif icant, these find ings may 

carry some message and possibly the size of the current study cohort was not large enough to 

demonstrate statistical signif icance. In the light of these f indings it is relevant to realize that 

arterial and venous thrombosis are believed to have a different pathogenesis. While primary 

hemostasis and blood platelets have been identified as critical factors in the development of 

arterial thrombosis, the plasmatic coagulation cascade is believed to be more relevant in the 

pathogenesis of venous thrombosis. Apart from its strong antifibrinolytic properties, aprotin in 

has been shown to exhibit an antiplatelet effect [29 1 .  In add ition, aprotinin has an inhibiting 

effect on the plasmatic coagulation cascade, as is reflected by a prolongation of the activated 

partial thromboplast in time and the r-value in thrombelastography [30]. Despite the 

antiplatelet and anticoagulant effects, the antifibrinolytic capacity of aprotinin might be a 

greater risk factor for venous thrombotic events than for arterial thrombosis. More research in 

the area seems warranted. 

The lack of sign ificant d ifferences in thromboembolic events does not necessarily 

mean that there is no increased risk associated with the use of aprotinin in ind ividual patients. 

Some investigators have warned against using prophylaxis with antifibrinolytic drugs for 

patients w ith a (near) normal coagulation profile or with signs of hypercoagulability either 

before or during OL T [20,3 1 ] . Moreover, it is becoming clear that not all patients with end

stage liver cirrhosis suffer from hypocoagulabil ity, as traditionally believed, and in fact some 

have signs of hypercoagulability [32 -34]. Several recent studies have shown that liver cirrhosis 

is often assoc iated with hypercoagulation rather than hypocoagulation and patients with 

cirrhosis are not exempt from developing thromboembolic complications [ 2 1 ,35,36]. Better 

identification of such patients may have an important impact on the safety margins of any 

prohemostatic drug. 

A limitation of the current study is its retrospective and non-randomised design. 

However, the results of the current study are i n  accordance with those of prospective cl inical 

studies [10, 1 8] .  We have used propensity score-adjustment, which is currently considered to 

be the most robust statistical method available to control for selection bias with respect to the 

use of specific medication [37,3 8] . The propensity score is defined as the condit ional 

probability of being treated given the individual's covariates. Once estimated, the propensity 

score can be used to reduce bias through match ing, stratification, or regression adjustment. 

We used strat ificat ion based on propensity scores, which has been proposed as a robust 

appl ication of the propensity score (3 7,38] .  The C-index for the propensity scores in our study 

was 0.79, ind icating good discrimination between patients receiving aproti nin versus no 
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aprotinin. When comparing the two groups prior to propensity-adjustment significant 

differences were found at baseline for various covariates. Re-analyses of baseline 

characteristics after propensity score-based stratification demonstrated that the pre-existing 

differences in covariates were adequately controlled, allowing a meaningful comparison of 

outcome data. 

Advantage of the current study is that it represents daily practice. The aim of the 

current study was not to identify risk factors for the development of thrombotic complications 

after OL T. Several previous studies have focussed on the identification of risk factors for 

hepatic artery thrombosis (22 -24]. These studies have shown that surgical variables such as 

the number of vascular anastomosis and the use of a donor iliac artery interposition graft are 

main risk factors for hepatic artery thrombosis (22-24]. Far fewer studies have focussed on 

potential risk factors of central venous thromboembolic complications and the pathogenesis of 

this type of thrombotic complications in liver transplantation remains largely unknown (2 1]. 

In conclusion, we observed a higher incidence of hepatic artery thrombosis and 

venous thromboembolic events in aprotinin-treated patients, however this did not reach 

statistical significance. Therefore, the current analysis did not provide evidence that the 

intraoperative use of aprotinin is associated with an increased risk of postoperative 

thromboembolic complications. In contrast to recent studies in cardiac patients we also found 

no evidence that the use of aprotinin is associated with a higher risk of postoperative mortality 

after liver transplantation. 
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THROMBOTIC COMPLICATIONS IN LIVER TRANSPLANTATION 

ABSTRACT 

Renal dysfunction is frequently seen after orthotopic liver transplantation (OL T). Aprotinin is 
an antifibrinolytic drug which reduces blood loss during OLT. Recent studies in cardiac 
surgery suggested a higher risk of postoperative renal complications when aprotinin is used. 
The impact of aprotin in on renal function after OL T, however, is unknown. 
In 1043 adults undergoing OL T, we compared postoperative renal function in patients who 

received aprotinin (n = 653) or not (n = 390). Using propensity score stratification ((-index 
0.82) and multivariate regression analysis, aprotinin was identified as a r isk factor for severe 
renal dysfunction within the first week, defined as increase in serum creatinine by 2': 100% 
(OR = 1 .97, 95% Cl = 1.14-3.39; p = 0.02). No differences in renal function were noted at 30 

and 365 days postoperatively. Moreover, no significant differences were found in the need for 
renal replacement therapy (OR = 1.52, 95% Cl = 0.94-2.46; p = 0.11) or in 1-year patient 
survival rate (OR = 1 .14, 95% Cl = 0.73-1.77; p = 0.64) in patients who received aprotinin or 

not. 
In conclusion, aprotinin is associated with a higher risk of transient renal dysfunction in the 

first week after OL T, but not with a higher need for postoperative renal replacement therapy or 
an increased risk of mortali ty. 
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INTRODUCTION 

Orthotopic liver transplantation (OL T) is a major surgical procedure, which can be 

complicated by excessive blood loss [1 ]. The cause of excessive blood loss during OL T is 

multifactorial [2 ] ,  but hyperfibrinolysis has been identified as an important cause of 

nonsurgical bleeding in these patients [3,4]. During the last decade, blood loss and transfusion 

requirements have diminished substantially due to increasing experience, improvements in 

surgical and anesthetic methods and the use of antifibrinolytic drugs [5]. Aprotinin, a serine 

protease inhibitor derived from bovine lung, reduces fibrinolysis by inhibiting the action of 

several serine proteases, including plasmin and kallikrein [6]. The use of aprotinin in liver 

transplant recipients was first reported by Neuhaus et al. and Mallett et al. more than 15  years 

ago [7,8]. In randomized controlled trials, prophylactic administration of aprotinin has also 

been shown to reduce blood loss and transfusion requirements in patients undergoing liver 

transplantation by about 30% [9, 10]. These studies have stimulated an increasing use of 

aprotinin during I iver transplant procedures in many centers. 

Antifibrinolytic drugs such as aprotinin have been associated with two important 

safety concerns: the potential risk of inducing thromboembolic complications and the risk of 

renal dysfunction [11, 12]. Although a recent systematic review and meta-analysis of a total of 

1407 patients did not provide evidence for an increased risk of thromboembolic events 

associated with antifibrinolytic drugs in liver transplantation [9] the impact of aprotinin on 

renal function has not been studied in great detail in this patient population. Aprotinin is 

eliminated from the circulation by the kidneys [13, 14]. After glomerular filtration, aprotinin is 

actively reabsorbed by the proximal tubular cells, where it is stored, metabolized and 

eliminated in 5-6 days. Toxicity to the proximal tubular cells has been suggested as a cause of 

renal dysfunction [13, 14]. Two recent studies in patients undergoing cardiac surgery have 

pointed toward a possible relationship between the use of aprotinin and postoperative renal 

failure [12, 15]. 

Renal dysfunction and failure are among the most common complications of OL T, 

with incidences ranging from 12% to 64% [16]. Several studies have demonstrated an 

association between renal failure and increased mortality after OL T [17-20]. I t  is, therefore, 

critically important to establish the impact of aprotinin on the risk of postoperative renal 

failure after OL T. 

To explore the impact of aprotinin on renal function in patients undergoing OL T, we 

conducted a two-center study, using a large prospectively collected database to allow 

comparative assessment of renal function in patients who received aprotinin versus those who 

did not by exacting propensity score stratification and multivariate analyses. 
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PATIENTS AND METHODS 

Study Population 

Liver tran splants performed at the Royal Free Hospital (RFH) in London and the University 
Medical Center (UMCG) in Groningen between January 1990 and December 2004 were 

included in th is study. Excluded were children ( 17 years), retransplantations, combined organ 
transplantations and patients receiving a split or reduced size liver graft. In addition, patients 
requiring  preoperative renal replacement therapy and patients who received other 

antifibrinolytic drugs, such as tranexamic acid, were excluded from this study. In both 
participating centers, patient characteristics, demographic variables, as well as perioperative 
clinical variables and postoperative outcome are prospectively collected in an institutional 

liver tran splant  database. These computer databases are maintained by dedicated scientific 
personnel and are regularly validated. Data from these observational databases were used for 
the current  analysis. Missing variables were completed from the medical records if possible. 

Transplants were performed using either the conventional technique (with or without 
the use of venovenous bypass) or the piggyback techn ique with preservation of the recipients' 
inferior vena cava. No specific attempts were made to lower the central venous pressure 

during the procedure. The use of venovenous bypass was dependent of the consultant 
anesthetist and surgeon. Aprotin in (Trasylol, Bayer AG, Wuppertal, Germany) was 
administered according to i nsti tutional guidelines and independent of the attending surgeon. 

At the RFH prophylactic use of aprotinin was generally recommended in all patients except in 
patients with cholestatic liver disease. At the UMCG, aprotinin was recommended in all 
patients undergoing liver transplantation, except patients with known thrombophilia or 

preexist ing thrombotic conditions, or signs of hypercoagulability on thrombelastography at the 
time of induction of anesthesia. Based on evolving scientific evidence concern ing the efficacy 
of aprotin in, guidelines have been slightly adapted during the study period. Aprotin in  was 
administered i ntravenously as follows: 2 x 10 kallikrein inhibiting units (K IU) over 30 min 
after induction of anesthesia, followed by a continuous infusion of 0.5 x 10 K IU/h. 

In both centers, postoperative immunosuppression consisted of either a cyclosporine

based or a tacrol imus-based scheme. In patients with poor renal function or minimal diuresis 
either before or during the transplant procedure, a calcineurin inhibitor-free 
immunosuppressive scheme was used in the immediate postoperative period. 

Data Collection 

Apart from the well-known variables associated with renal dysfunction and renal failure, 

including the indication for transplantation, preoperative serum creatinine and albumin, type 
of surgical procedure (conventional or piggyback) and in i tial postoperative 
immunosuppressive regime, the following variables were included in  this analysis: center and 

era of transplantation, recipient age and gender, preoperative serum total bilirubin levels, 
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international normal ized ratio of the prothrombin time ( INR) and model for end-stage l iver 

disease score (MELD-score), in traoperative use of venovenous bypass, cold and warm 

ischemia times of the donor l iver and use of aprotin in, serum creatin ine levels on days 7, 30  

and  365 after transp lantation, and  the need for renal replacement therapy. 

Assessment of Renal Function 
Assessment of rena l  function was based on the RIFLE criteria (acronym ind icating Risk of renal  

dysfunction; Inju ry to the kidney; Fa i lure of kidney function, Loss of kidney function and End

stage kidney disease) as proposed by the Second International Consensus Conference of the 

Acute Dia lysis Qual ity In itiative (ADQI) Group (2 1 ] .  No rena l  dysfunction was defined as a 

decrease in serum creatin ine or an increase <50%, compared to preoperative va lues. 

Moderate renal dysfunction was defined as an increase in serum creatin ine of :::50% and 

severe renal dysfunction as an increase :::1 00% above basel ine. Renal replacement therapy 

was defined as the need for continuous venovenous hemofiltration or hemodialysis within 90 

days after transplantation, regardless of the number of treatment episodes. 

Statistical Analysis 
Statistical analysis was performed using the SPSS/PC Advanced Statistics Package, Version 

1 2  .0 (SPSS, Ch icago, I L). Categorical variables a re presented as numbers with percentages, 

continuous variables as medians and interquarti le ranges (IQR). Basel ine and postoperative 

differences between groups were compared with the Pearson's ch i-square test or Fisher's exact 

test for categorica l  variables and the Mann-Whitney U test for continuous variables. Actual 1 -

year patient survival rates were calcu lated and compared using Pearson's ch i-square test. 

Statistical tests were assumed to have reached significance at the conventional level of 0 .05. 

As the treatment assignment was not based on random a l location and the two groups 

(aprotin in  versus no aprot in in) were therefore not expected to be comparable with respect to 

important covariates, propensity score stratification was used to control for these differences. 

In addition, uni and mu ltivariate logistic regression analysis was used to identify independent 

risk factors of postoperative renal dysfunction or the need for renal rep lacement therapy. 

Propensity Score Stratification 
To identify variables that were unbalanced between patients who received aprotin i n  versus 

those who did not, un ivariate comparison was performed for a l l  potential confou nding 

covariates that cou ld potential ly affect treatment decision (22 ] .  A stepwise mu ltiple logistic 

regression model was then fit with covariates with a p-va lue 0 . 1 0  to determine important 

predictors of treatment selection. A model, wh ich consisted of eight variables including center, 

era, recipient age and gender, d iagnosis, preoperative serum b i l i rubin and INR  and surgical 

techn ique, was subsequently used to calcu late the propensity score for each individual 

patient. The area under the receiver operating characteristic curve (C-index) for th is model was 
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0.82 , indicating good discrimination between patients receiving aprotinin versus no aprot in in .  

Patients were then sorted by propensity score and clustered into qu intiles accordingly. After 

stratification by propensity score, the two groups were aga in compared for a l l  covariates, using 

Cochran-Mantel-Haenszel chi-square test and two-way ANOVA, to identify any remaining 

bias. The effect of aprotin in  on postoperative renal function was then ana lyzed with in each 

qu inti le. The Mantel Haenszel odds ratio, representing a composite of the 5 odds ratios 

derived from each quinti le, was calculated in addition to the Cochran-Mantel-Haenszel ch i

square.  

Logistic Regression 

Un i  and multivariate logistic regressions were used to identify risk factors for moderate or 

several renal dysfunction, or the need for renal replacement therapy. A l l  variables tested in  the 

un ivariate ana lysis with a p-va lue < 0. 1 0  were included in a mu ltivariate logistic regression 

model with step-wise backward e l im ination to identify independent risk factors of these 

endpoints. The relationship between covariates and postoperative renal dysfunction or the 

need for rena l  replacement therapy was expressed in odds ratio (OR) with a 95% confidence 

interva l (Cl )  and p-va lues. 

RESULTS 

Patients Characteristics 

A tota l of 1 043 liver transplant recip ients, transplanted between January 1 990 and December 

2004 met the study criteria and were inc luded. Patient characteristics as wel l  as surgical 

variables of the entire group are summarized in Table 1 .  lntraoperative prophylaxis with 

aprotin in  was given in 653 patients (63%), whi le 390 patients (37%) did not receive aprotin i n .  

As  treatment assignment was not based on random a l location, la rge differences were noted in 

preoperative variables between the two groups. Importantly, patients who received aprot in in 

had a h igher median preoperative serum creatin ine. These differences were adequately 

corrected after propensity adjustment (Table 1 ) . Only age remained sign ificantly d ifferent 

between the two groups. However, the absolute difference was only 3 years, which can be 

considered as c l inica l ly not relevant. 
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lntraoperative Use of Aprotinin and Postoperative Renal Function 

The perioperative change in serum creatinine levels was significantly greater on postoperative 

day 7 in the aprotinin-treated group compared to controls, but no differences were found at 

day 30 or day 365 (Figure 1 ). Accordingly, moderate or severe renal dysfunction was 

significantly and more frequently observed at 1 week after transplantation in patients who had 

received aprotinin versus those who had not (F igure 2 ). No significant differences in renal 

dysfunction were found after 30 days. Renal function at 1 year after transplantation was 

sl ightly better in the aprotinin group, compared to the group without aprotinin, but this d id not 

reach statistical significance. 
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Figure 1 .  Box plots representing changes in serum creatinine at postoperative day 7, day 30 a nd day 

365, in comparison to preoperative values, in patients who received aprotinin or not during liver 

transplantation. Horizontal bars inside the boxes represent median. Upper and lower borders of the 

boxes represent interquartile range and vertical lines represent 5 %  and 95% percentiles. 
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Table 1 .  Characteristics of the Tota l Study Population 

Variables Total population 

n=1 043 

Center 
I 687 66% 
II 356 34% 

Age (yrs) 49 (40-56) 
Gender 

Male 608 58% 
Female 435 42% 

Diagnosis 

Biliary cirrhosis 271 26% 
PBC 1 37 
PSC 128 
SBC 6 

Postnecrotic cirrhosis 653 63% 
HBV 95 
HCV 201 
Alcoholic 162 
Cryptogenic 85 
Autoimmune 54 
A-1 antitrypsine deficiency 1 3  
Cirrhotic other 43 

Acute liver failure 66 6% 
Miscellaneous 53 5% 

Preoperative serum creatinlne (mg/dL) 0.97 (0.82-1 . 1 7 )  
Preoperative serum bilirubln (mg/dL) 3.33 (1 .70-7.95) 
Preoperative serum albumin (g/dL) 3,2 (2,7-3,7) 
INR 1 ,5 (1 ,2-1 ,9 )  
MELD 16 ( 1 2-21 ) 
Technique 

Conventional 883 85% 
with VVB 330 
without VVB 553 

Piggyback 1 60 15% 
Total lschemla Time (min) 681 /537-821 l 

No Aprotlnln Use 

n=390 

1 79 46% 
21 1 54% 
47 (37-55) 

1 98 5 1 %  
1 92 49% 

1 50 39% 
75 
72 
3 

1 88 48% 
2 1  
38 
47 
38 
25 
5 
1 4  

22 6% 
30 8% 
0.93 (0.75-1 . 1 3) 
3.86(1 .97-9.33) 
3,2 (2.7-3,7) 
1 .4 ( 1 ,2-1 ,8) 
15 ( 12-20) 

300 77% 
148 
1 52 

90 23% 
674 (525-819) 

Aprotlnln Use 

N=653 
J 

508 78% 
145 22% 
50 (41-56) 

4 1 0  63% 
243 37% 

1 2 1  1 9% 
62 
56 
3 

465 71% 
74 
1 63 
1 1 5  
47 
29 
8 
29 

44 7%, 
23 4% 
0.99 (0,86-1 . 1 9) 
2 98 (1 .58-6 78) 
3.2 (2.7-3 ,6) 
1 ,5 (1 .3-1 ,9) 
16 ( 1 2-2 1 )  

583 89% 
1 82 
401 

70 1 1 %  

, 683 (545-828) 

p-valuet 

<0,001 

<0.001 
<0.001 

<0.001 

<0.001 

0.48 
0.003 

<0.001 
0,005 
0 92 

<0,001 
0 1 6  

<0,001 

0,48 

p-value:j: 

0.49 

<0.001 
0.35 

0.62 

0.77 

0.64 
0.46 
0 . 1 4  
0.43 
0.84 
0. 1 7  
0. 1 2  
0.66 

0.37 
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Data in Table 1 are reported as median (interquartile range) or number and proportion. 

Abbreviations used: PBC, primary biliary cirrhosis; PSC, primary sc/erosing cholangitis; SBC, 

secondary biliary cirrhosis; HBV, hepatitis B virus; HCV, hepatitis C virus; INR, international 

normalized ratio; MELD, model for end-stage liver disease; WB, venovenous bypass. t P values are 

for the comparison between patients treated with aprotinin and patients without. :/: P values are 

those calculated after adjustment according to propensity score stratification. 

Table 2. Propensity score-adjusted effect of Aprotin i n  on postoperative renal funtion and patient 

survival in  comparison to controls. 

Outcome event 

Moderate renal dysfunction 

At day 7 

At day 30 

At day 365 

Severe renal dysfunction 

At day 7 

At day 30 

At day 365 

Renal replacement therapy 

1 -year patient survival 

Moderate and severe renal dysfunction 

Odd's ratio (95% Cl) 

1 .63 (0.88-3.00) 

1 .42 (0.83-2.44) 

1 .04 (0.67-1 .62) 

1 .97 (1 . 1 4-3.39) 

1 . 1 9  (0.62-2 .28) 

1 .01 (0.49-2.09) 

1 .52 (0.94-2.46) 

1 . 1 4  (0.74-1 .77) 

was defined as an increase in 

indicated time points of?:. 50% and ?:. 100% above baseline, respectively. 

o no aprotinin II aprotinin 

.'!l 
86% 

C: 

70% -
0 

60% 

Cl> 50% 
40% ftl 

C: 30% Cl> 

20% 
10% 
0% 

p-value 

0.1 7 

0.25 

0.96 

0.02 

0.71 

0.87 

0.1 1 

0.64 

serum creatinine at the 

Figure 2. Distribution of moderate and severe renal dysfunction at day 7, day 30 and day 365 after 

liver transplantation in patients who received aprotinin and those who did not receive aprotinin 

during the procedure. 
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Table 3. U nivariate analyses of patients with moderate or severe renal dysfunction on postoperative day 7 versus patients without 
renal dysfunction. 

Variables No Moderate Severe 

Renal Dysfunction Renal Dysfunction p-valuet Renal Dysfunction p-value:t: 

n•791 n=-96 n=1 1 5  

Era o.1e 0.40 

1 990 - 1994 227 29% 1 9  20% 26 23% 

1 995 - 1 999 282 36¾ 4 1  43% 44 38% 

2000 - 2004 282 36¾ 36 38% 45 39% 

Age (yrs) 48 (39-56) 50 (44-57) 0.09 5 1  (41-56) 0 . 1 3  

Gender 0 35 0 .50 

Male 455 58% 60 63% 70 6 1 %  

Female 336 43% 36 38% 45 39% 

Diagnosis 

Biliary cirrhosis 2 1 8  28% 2 1  22% 0.24 22 1 9% 0.06 

PBC 1 09 1 0  1 1  

PSC 1 04 1 1  1 1  

SBC 5 0 0 

Postnecrotlc c1rrhos1s 479 61 % 69 72% 0,03 81 70°� 0.04 

HBV 70 1 0  1 0  

HCV 1 35 27 31 

Alcohol1c 125 1 3  1 9  

Cryptogenic 59 9 1 2  

Autoimmune 47 5 2 

a-1 antitrypsme def 1 0  2 1 

Cirrhobc other 33 3 6 

Acute liver failure 5 1  6% 3 3% 0.20 7 6% 0 . 88 

Miscellaneous 43 5% 3 3% 0.34 5 4% 0.63 

Preoperative serum creatlnlne (mg/dL) 0 97 (0 83-1 . 1 9) 0.94 (0.80-1 1 3) 0.27 0.91 (0.75-1 . 08) 0.001 

Preoperative serum billrubin (mg/dL) 3 39 (1 .70-8.77) 3.16 ( 1 .59-5.76) 0.35 2 69 (1 64-4.97) 0.05 

Preoperative serum albumin (g/dL) 3 2 (2,7-3 7) 3.1 (2 7.3 6) 0 1 7  3,0 (2,5-3. 5)  0.006 

INR 1 .5 ( 1 .2-1 .9) 1 .5 ( 1 .3-1 .9) 0 , 1 6  1 5 ( 1 , 2-1 .8)  0.33 

MELD 16 ( 1 2-2 1 )  1 6  (1 3-20) 0.99 15 (1 2-20) 0 .31  

Technique 0.21 0.49 

Conventional 661 84% 85 89% 99 86% 

W1th VVB 261 1 6  32 

Without VVB 425 69 67 

Piggyback 1 30 16% 1 1  1 1 %  1 6  1 4 %  

Total lschemla Time (min) 681 (537-823) 693 (554-816) 0.87 666 (550-800) 0.57 

lntraoperative use of aprotinln 468 59% 73 76% 0 001 87 76% 0. 001 

Initial lmmunosuppresslve reg ime 0 . 1 7  0.01 

Cyclosponne�based 331 43% 30 33% 32 30% 

Tacrolimus�based 333 44% 47 52% 51 48% 

Calcineurin inhibitor�free 1 00 1 3% 1 4  1 5% 23 22% 
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Data in Table 3 are reported as median (interquartile range) or number and proportion. Moderate 

and severe renal dysfunction was defined as an increase in serum creatinine at postoperative day 7 

of ;, 50% and « 1 00% above baseline, respectively. Abbreviations used: PBC, primary biliary 

cirrhosis; PSC, primary sclerosing cholangitis; SBC, secondary biliary cirrhosis; HBV, hepatitis B 

virus; HCV, hepatitis C virus; INR, international normalized ratio; MELD, model for end-stage liver 

disease; VVB, venovenous bypass. t P values for the comparison between patients with moderate 

renal dysfunction and patients without moderate renal dysfunction. :/: P values for the comparison 

between patients with severe renal dysfunction and patients without severe renal dysfunction. * In 

4 1  patients the serum creatinine at day 7 postoperatively was not available due to patient death or 

missing data. 

As was noted above, the two groups were not completely comparable at basel ine. We, 

therefore, reana lyzed the risk of developing rena l  dysfunction with in the first week after 

transplantation after propensity score stratification (Table 2).  The risk of developing moderate 

rena l  dysfunction at day 7 postoperatively was no longer significantly h igher in patients who 

had received aprotin in,  compared to those who had not (OR = 1 .63, 95% Cl = 0.88-3 .00; p = 

0.1 7). However, this propensity-adjusted ana lysis d id confirm that aprotin in-treated patients 

had a significantly h igher risk of developing severe renal dysfunction with in  the first week after 

transplantation (OR = 1 .97, 95% Cl = 1 . 1 4-3 .39; p = 0.02). There was no significant 

difference in the need for renal  replacement therapy in patients who had received aprotin in  

versus controls (1 5 %  vs. 1 1  %,  respectively; OR = 1 .52,  95% Cl = 0.94-2.46; p = 0.1 1 ). I n  

addition, n o  difference was found in 1 -year patient su rvival rate between the two groups (84% 

vs. 86%, respectively; OR = 1 . 1 4, 95% Cl = 0.74-1 .77; p = 0.64) (Table 2) .  

Univariate and Multivariate Analysis of Renal Replacement Therapy 

Of a l l  patients, 1 38 (1 3%) required renal replacement therapy with in  90 days after OL T. The 

need for replacement therapy was associated with a significantly lower 1 -year patient survival 

rate, compared to patients who did not (50% vs. 91 %; p < 0 .001 ). Results of the un ivariate 

comparison of patients requ i ring renal replacement therapy versus those who did not are 

presented in Table 5. After mu ltivariate ana lysis th ree variables were independently associated 

with the need for replacement therapy: preoperative serum creatin ine, preoperative serum 

albumin and postoperative immunosuppressive medication (Table 6). In accordance with the 

propensity score ana lysis, aprotin in was not a risk factor. 
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Table 4. Multivariate analysis of risk factors for renal dysfunction on postoperative day 7. 

Renal dysfunction 

Moderate 

Severe 1 

Variable 

lntraoperative use of aprotinin 

Diagnosis 

Bi l iary cirrhosis 2 

Postnecrotic cirrhosis 

Acute liver faiure 

Miscellaneous 

Preoperative serum creatinine 

Preoperative serum bi l i rubin 

Preoperative serum albumin 

lntraoperative use of aprotinin 

Initia l immunosuppressive regime 

Calcineurin inh ibitor-free 1 

Cyclosporine-based 

Tacrol imus-based 

Odd's ratio (95% Cl) 

2.1 9 (1 .34-3 .57) 

1 .28 (0. 72-2.28) 

4.55 (1 .41 -1 4.70) 

0.99 (0.30-3.25) 

0.24 (0. 1 1 -0.54) 

0.93 (0.89-0.98) 

0.56 (0.41 -0. 78). 

2 . 14  (1 .28-3.56) 

0.38 (0.21 -0.71 ) 

0.46 (0.26-0.83) 

p-value 

0.002 

0.41 

0.01  

0.99 

0.001 

0.003 

0.001 

0.004 

0.002 

0.009 

' Moderate and severe renal dysfunction was defined as an increase in serum creatinine at 

postoperative day 7 of ;,: 50% and ;,: 1 00% above baseline, respectively. 2 Biliary cirrhosis was used 

as the reference category for diagnosis. ' Calcineurin inhibitor-free immunosuppression was used as 

the reference category. 

Table 6. Mult iva riate analysis of risk factors for renal replacement therapy within 90 days 

postoperatively. 

Variable 

Preoperative serum creati n in 

Preoperative serum a lbumi n 

Init ial  immunosuppressive regime 

Ca lcineurin inh ibitor-free 1 

Cyclosporine-based 

Tacrol i mus-based 

Odd's ratio (95% Cl) 

1 .84 ( 1 . 36-2.49) 

0.75 (0.57-0. 97) 

0 .3 1  (0. 1 8-0. 53) 

0.45 (0.28-0.73) 

' Calcineurin inhibitor-free immunosuppression was used as the reference category. 
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Table 5. Univariate analysis of variables associated with renal replacement therapy within 90 days postoperatively ' 

Varlabloa No RRT RRT 

n-896 n =-= 1 38 

Era 

1 990 - 1 994 242 27% 38 2 8 %  
1 995 - 1 999 330 37% 5 5  40% 
2000 - 2004 324 36% 45 3 3 %  

Age (yra) 49 (40-56) 50 (42-56) 

Gender 

Male 522 5 8 %  82 5 9 %  

Female 374 4 2 %  56 4 1 %  

Diagnosis 
Biliary cirrhosis 24 1 2 7 %  29 2 1 %  

P B C  1 2 3 1 6  

P S C  1 20 1 2  

S B C  5 1 

Postnecrotic cirrhosis 560 63% 87 63% 
HBV 83 1 4  

H CV 1 78 22 

Alcoholic 1 38 26 

Cryptoge nic 66 20 

Autoimmune 52 2 

a-1 antitrypsine deficiency 1 3  0 

Cirrhotic other 40 3 

Acute liver fa i lure 5 1  6% 1 4  1 0% 
Miscellaneous 44 5% 8 6 %  

Preoperative serum craati n i ne (mg/dL) 0.95 (0.8 1 - 1 . 1 4 )  1 . 09 (0. 90-1 .4 2 )  

Preoperative serum bil lrubln (mg/dL) 3.28 ( 1 .70-7 . 6 0 )  3 . 4 5  ( 1 .64-1 1 . 75) 

Preoperative serum a l bumin (g/d L) 3.2 (2. 7-3 . 7 )  3. 1 (2.5- 3 . 6 )  

I N R  1 . 5 ( 1 .2-1 . 9 )  1 .6 ( 1 .2-2 . 2 )  

MELD 1 5  ( 1 2-20) 1 8  ( 1 3-24) 

Tec h n i q u e  

Conventional 7 5 7  85% 1 1 8 86% 
VVith VVB 2 8 5  49 

VVithout VVB 478 7 1  

Piggyback 1 3 9 1 6 % 20 1 5 % 
Total lachamia Time (min) 678 (537-8 1 9 )  692 ( 5 5 1 -850) 

lntraoperatlve uso of a p rotl n i n  5 5 3  6 2 %  9 6  70% 
Initial lmmu nosuppressive reg ime 

Cyclosporine-based 3 6 3  4 3 %  38 30% 
Tacrolimus-based 384 4 5 %  5 4  43% 
Calcineurin inhibitor-free 1 07 1 3 % 34 27% 

" 

p-va l u a  

0 . 70 

0 . 3 5  

0 . 8 0 

0. 1 4  

0 . 9 0 

0 . 0 5  

0 . 6 6  

< 0 . 00 1 

0 . 36 

0 . 024 

0 . 04 

0 .003 

0 . 76 

0 . 32 

o . 08 
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Data in Table 5 are reported as median (interquartile range) or number and proportion. 

Abbreviations used: PBC, primary biliary cirrhosis; PSC, primary sc/erosing cholangitis; SBC, 

secondary biliary cirrhosis; HBV, hepatitis B virus; HCV, hepatitis C virus; INR, international 

normalized ratio; MELD, model for end-stage liver disease; VVB, venovenous bypass. * In 9 patients 

the need for renal replacement therapy within 90 days postoperatively could not be retrieved. 

DISCUSSION 

In th i s analysis of an observational study i ncluding 1 043 l iver transplant recipients, we have 

studied the impact of i ntraoperative admin istration of aproti n in  on the development of 

postoperative rena l  dysfunction and renal  fai lure. Patients who were given aprotin in had 

a lmost two times h igher risk of developing severe rena l  dysfunction with in the first 

postoperative week, compared to patients who did not receive aprotinin. This effect on rena l  

function appeared to be transient. No differences in renal function were found at 30 days and 

365 days after transplantation . The use of aprot in in did not lead to a h igher need for 

postoperative rena l  replacement therapy. Also, no differences in morta l ity were found at 1 

year after transplantation between patients who received aprotin i n  and patients who d id not 

receive aprotin in .  

The effect of  aprotinin on rena l  function after l iver transplantation has so far been 

evaluated in only one placebo-contro l led study [23 ] .  This study did not reveal significant 

d ifferences in postoperative rena l  function in patients who were given aprotinin, compared to 

those who were given placebo. However, this study consisted of a tota l of 93 patients, wh ich 

may have been too sma l l  to detect smal l ,  but cl in ica l ly relevant d ifferences in the incidence of 

renal dysfunction or fai lure .  It has been estimated that between 250 and 400 patients are 

needed to have adequate statistica l power to detect a c l in ical ly relevant  difference in the 

i ncidence of postoperative renal fa i l u re [24] . In the current study, we i ncluded 1 043 patients 

which shou ld have been large enough to detect meaningful d ifferences in renal function. 

The adverse effect of aprotin in  on rena l  function has been explained by either a 

d i rect toxic effect on the tubular cel ls [1 3 ]  or an ischemic effect due to mic rovascular 

thrombosis [1 2 ] . The drug is e l iminated from the circulation by the kidneys after being stored 

in the tubu lar  cel ls for 5-6 days, which may temporari ly impair function of the tubu lar cel ls. 

On the other hand, possible protective effects of aprotinin on the kidneys by the inh ib ition of 

renal  ka l l ikrein and k in in  have also been identified [25,26] .  Studies in patients with ci rrhosis 

and ascites have suggested that the aprotin in improves rena l  blood flow and glomeru lar 

fi ltration rate through i nh ibition of the rena l  kal l ikrein-kinin system [27] .  In our study, we have 

found a transient reduction in renal  function during the early postoperative phase in patients 

who had received aprotin in, result ing in about two times h igher risk for severe renal 

dysfunction. The effect on renal function appeared to be self-l im iting and differences in renal 

function were no longer present at 30 days after surgery. Interestingly, renal  function at 1 year 
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after transplantation was slightly better in the aprotinin group, compared to the group without 
aprotinin, but this did not reach statistical significance. These findings are in line with a 

transient effect of aprotinin on renal function during the elimination process of the drug 
[13, 1 4] .  Similar observations have been made previously during the US multicenter trials of 
the drug in cardiac surgery [11, 15,28]. Apart from this apparently self-limiting effect of 

aprotinin on renal function, the use of aprotinin was also not associated with a higher need for 
postoperative renal replacement therapy. These observations are in line with two recent large 
studies in cardiac surgery patients in which aprotinin was found to be associated with an 

increased risk of presumably transient renal dysfunction, but not with an increased risk of 
progression to dialysis or death [15,29,30]. 

Although the negative effect of aprotinin on renal function in the immediate 

postoperative course appears to be transient and self-limiting, it may have implications for 
clinical practice in liver transplant recipients. To avoid acute rejection of the new liver 
allograft, immunosuppressive medication should be administered as soon as possible after the 

operation. Calcineurin inhibitors are the mainstay of immunosuppression after solid organ 
transplantation and these drugs have a well-known nephrotoxic effect, limiting their use in 
patients with disturbed renal function. I f  the intraoperative use of aprotinin is associated with a 

higher risk of renal dysfunction in the first postoperative week, this could limit the use of 
calcineurin inhibitors in this period, theoretically increasing the risk of acute rejection. This, 
however, was not the subject of this study and further research in this area seems warranted. 

Acute renal dysfunction is a frequent complication after OL T. The incidence ranges 
from 12% to 64% in different reports [20,31-34] . Variations between series can at least partly 
be explained by differences in criteria and the definitions used. The incidence of complete 

renal failure after OL T, requiring renal replacement therapy is lower and varies from 7% to 
32% [18,31,35-37] .  In the current study, the overall incidence of moderate and severe renal 
dysfunction at 1 week after transplantation was 9.6% and 11.5%, respectively. The overall 

incidence of renal replacement therapy within the first postoperative 90 days was 13%. These 
data are in line with previous studies [18,31,35-37]. Multiple factors may be responsible for 
the development of renal dysfunction or the need for renal replacement therapy after OL T, 

including the recipient's preoperative renal function, ischemic acute tubular necrosis and 
nephrotoxicity of immunosuppressive drugs (calcineurin inhibitors) [20,33,37-39]. The 
multivariate regression analysis in the current study confirmed that the acute liver failure, 

preoperative serum bilirubin, preoperative serum albumin, serum creatinine and intraoperative 

use of aprotinin are independently associated with the development of severe renal 
dysfunction within the first week after OL T. The use of calcineurin inhibitor-free 

immunosuppressive protocols was also significantly associated with early severe renal 
dysfunction. This, however, is likely the result of clinical decisionmaking and our policy not to 
use calcineurin inhibitors in patients with poor renal function in the early postoperative 

period. 
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Rena l  dysfunction or fai l u re in patients after OL T has been associated with a 

sign ificantly h igher risk of morta l i ty [1 7-20) .  A lso in the current study, we have observed a 

sign ificantly lower 1 -year patient survival rate in patients who developed severe rena l  fai lure 

in the immediate postoperative period after transp lantation, compared to patients with 

moderate or no renal dysfunction. A recent study in patients undergoing cardiac surgery 

suggested that the aprotin in  is assoc iated with an increased risk of postoperative morta l i ty 

[1 2 ,40) . In the current study, we did not find a difference in the 1 -year patient survival rate 

after OLT in patients who received aprotin in  during their tra nsplant versus those who did not. 

In th i s  study, we used the change in serum creatinine level as a marker for kidney 

function instead of creatin ine clearance. The ADQI G roup recently concluded in their 

consensus paper that the degree to wh ich serum creatin ine changes from base l ine accurately 

reflects changes in  glomerular  fil tration rate in  critica l ly i l l  patients, whereas the accuracy of 

creatinine clea rance measurement in  this situation is l imited [2 1 ] . Changes in serum creatin ine 

as proposed i n  the RIFLE criteria have since been eva l uated in several studies, including 

patients undergoing l iver transplantation [1 6,20 ) .  

A l imi tation of  our  study is its nonrandomized design. We have used a large dataset 

of patients tra nsplanted in two European centers. Both centers mainta in a prospectively 

col lected observational database of a l l  patients undergoing OL T. It is i ncreasingly recogn ized 

that such observational datasets and ana lyses can play a substantial role in  postmarket 

survei l lance and safety eva luation of drugs when adequate statistical methods are used to 

control for any selection bias in the use of medication [41 ,42 ) .  The most robust statistical 

method currently ava i lable to control for selection bias w ith respect to the use of specific 

medication is considered to be propensity score adjusted ana lysis [43,44 ) .  The C-index for the 

propensity scores in  our study was 0 .82, ind icating good discrimination between patients 

receiving aprotinin versus no aprotin in .  When comparing the two groups prior to propensity

adjustment, significant d ifferences were found at base l ine for various covariates. Most 

importantly, preoperative renal function, as reflected by serum creati n ine levels, was 

significantly worse in  patients who received aprotin in .  Reanalyses of basel ine characteristics 

after propensity score-based stratification demonstrated that the preexisting differences in 

covariates were adequate ly control led, a l lowing a meaningful comparison of outcome data. I t  

shou ld be noted, however, that the propensity score adjusted statistical analyses can not 

control for potentia l ly confounding covariates that are not measured or not measurable [30] .  

In addition to propensity score-adjusted ana lyses, we have performed separate mu ltivariate 

logistic regression ana lyses of risk factors for the development of renal  dysfunction with in  the 

first week after OL T as wel l  as for need for postoperative rena l  replacement therapy. These 

ana lyses confirmed that aprotin in is an independent risk factor for rena l  dysfunction in the first 

week early after OL T, but not for the need for renal  replacement therapy. 

Some of the variables that have been described by others as risk factors for renal 

dysfunction after OL T, such as hemodynamic instability and vasopressor use, were not 
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prospectively collected in our liver transplant databases [20]. These variables could also not 
reliably be retrieved in a retrospective fashion and, therefore, were not included in the 

analyses. On the other hand, three independent randomized controlled trials have shown that 
the intraoperative hemodynamic profile is significantly more stable and vasopressor 
requirements are significantly lower in patients who receive aprotinin, compared to those who 

receive placebo [45-47] .  Therefore, it is not likely that the observed increased rate of 
postoperative renal dysfunction in aprotinin-treated patients in the current study could have 
been attributed to more pronounced hemodynamic instability in the aprotinin group, in 

comparison to the control group. 
In conclusion, this retrospective analysis of an observational database indicates that 

the aprotinin is associated with an increased risk of transient renal dysfunction in the first 

week after OL T. Use of aprotinin in patients undergoing OL T does not appear to be associated 
with a higher need for postoperative renal replacement therapy or increased mortality. 
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SUMMARY 

The coagulopathy of patients with end-stage liver disease requiring orthotopic liver 
transplantation (OL T) is complex and often unpredictable. Despite clear evidence of an 
increased bleeding tendency in patients with cirrhosis, many circumstances also promote 

hypercoagulation. The consequences of hypercoagulability include the morbidity and 
mortality of thrombotic and thromboembolic events. The aim of this dissertation was to gain 
more insight into the incidence and development of thrombotic and thromboembolic events 
in OL T and to analyze the possible influence of the antifibrinolytic drug aprotinin on this. 

Chapter 2 offered an introduction to the changes in the coagulation system in patients with 

severe liver disease. The function of the hemostatic system seems less abnormal than 
traditionally believed based on routine coagulation tests. Not only do these patients have a 
deficiency of procoagulant and antifibrinolytic factors, but they also have a deficiency of 

naturally occurring anticoagulants and profibrinolytics. Since these alterations i n  cirrhosis 
concern both pro- and antihemostatic pathways, the net result is a rebalancing of the 
hemostatic system, albeit with narrower margins. When this system is heavily challenged such 

as during liver transplantation, the delicate balance may be turned to either hypocoagulation 
or hypercoagulation, making patients with cirrhosis prone to both bleeding as well as 
thromboembolic complications. 

The literature regarding the incidence, the clinical and pathological correlates of pulmonary 
embolism (PE) and intracardiac thrombosis (ICT) in patients u ndergoing OLT was reviewed in 

Chapter 3. These thromboembolic events may be rare but are not infrequently lethal. In the 74 
cases identified, intraoperative PE and/or ICT complicated the transplant procedure and many 
authors have proposed an association between the development of thromboembolism and the 

intraoperative u se of antifibrinolytic drugs (such as aprotinin) or venovenous bypass. In the 
current review, we could not establish nor refute a cause-effect relationship between these 
two suggested risk factors and the development of PE or ICT in liver transplant recipients. 

Chapter 4 described a European multicenter study (based on the European Liver Transplant 
Registry; EL TR) on the incidence of and risk factors for lethal PE during or after OL T. In the 

EL TR, 89 patients were identified who developed this dreaded complication during or after the 
transplantation. We have compared these patients with a control group that consisted of the 
previous and following transplant recipients in the same center (n=l 78}. There were no 
statistically significant differences in any of the clinical variables between the two groups. 

There was also no difference in the intraoperative use of antifibrinolytic drugs in patients who 
suffered a lethal PE within 1 week after OL T and those with a lethal PE after this time period. 
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Aim of Chapter 5 was to assess different strategies for hepatic artery thrombos is  (HAT) 
occurring shortly after liver transplantation in pediatric recipients, often resulting in  
retransplantation. Immediate surgical thrombectomy/thrombolysis has been reported as a 
potentially successful treatment to restore arterial blood flow and to avoid urgent 

retransplantation. In this study we analyzed the long-term outcomes (graft- and patient 

survival) of urgent su rgical intervention for early HAT after pediatric OL T in our center. If 
thrombectomy was successful one- and five-year (graft and patient) su rvival rates were 83% 
and 67%, respectively. When this was unsuccessful and retransplantation inevitable, one- and 

five-year patient survival decreased to 50 and 40%, respectively. In children who went 
straightforward for retransplantation, survival rate was 71 % at 1 and 5 years after 
retransplantation. Unfortunately, we were unable to identify clin ical variables that can predict 

unsuccessful urgent thrombectomy and, therefore, we could not provide an answer to the 
question which option is better in an individual patient: immediate retansplantation or an 
attempt at graft salvage by surgical restoration of arterial blood flow to the graft. 

In Chapter 6 a systematic review and meta-analysis was performed of efficacy and safety 
endpoints in all published controlled clinical trials on the use of antifibrinolytic drugs in liver 

transplantation. Twenty-three studies with a total of 1407 patients were included, comparing 
anti fibrinolytic drugs (e-aminocaproic acid, tranexamic acid or aprotinin) with each other or 
with controls/placebo. lntraoperative transfusion requirements, the perioperative incidence of 
hepatic artery thrombosis (HAT), venous thromboembolic events and mortal ity were analyzed. 
In the systematic review, the overall incidence of HAT, venous thromboembolic events and 
mortality in patients treated with aprotinin was 1.3%, 1 .4% and 4.1 %, respectively. In controls 

the incidence rates were 2 .5%, 1 .5% and 7.1 %, respectively. Moreover, the meta-analysis did 
not show any significant differences between aprotin in-treated patients and placebo; the 
incidence of HAT and mortality was actually lower i n  aprotinin-treated patients. Importantly, 

this systematic review and meta-analysis did not provide evidence for an increased risk of 
thromboembolic complications in liver transplant recipients who had received antifibri nolytic 
drugs. 

In chapter 7 and 8 two large observational studies were described on the possible impact of 
intraoperative use of aprotinin on the development of thrombotic and thromboembolic events 

and renal dysfunction. Renal insufficiency is a common and serious  complication after OL T 
and the additional risk of aprotinin on its development was unknown. This large, retrospective 
study showed an association between aprotin in  and an increased risk of t ransient renal 
dysfunction in the first postoperative week. However, the use of aprotin i n  in patients 
undergoing OLT was not associated with a h igher need for postoperative renal replacement 
therapy or increased mortality. In a second large patient series, we studied whether the use of 

aprotinin is associated with a higher incidence of HAT or central venous th romboembolic 
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events, compared to patients who did not receive aprotmm intraoperatively. Again, no 
statistically significant differences in the incidence of HAT or thromboembolic events were 

found between the two groups. 

GENERAL DISCUSSION 

Historically, OL T has been identified as a long and risky operation, with a high risk of massive 

intraoperative blood loss. 1 During the past decades, average blood loss during this procedure 
has decreased gradually, due to improvements in surgical techniques, anesthesiological care, 
organ preservation and a better understanding of hemostatic changes in liver transplant 

recipients. 2 Moreover, the use of antifibrinolytic drugs has been shown to reduce 
intraoperative blood loss with 35-60%, compared to controls. 3•4 

Nowadays bleeding problems in liver transplant recipients have become less a clinical 
problem. The development of thromboembolic events, on the contrary, has received more 
attention. Thromboembolic complications may occur during or after any type of major 

surgery. In recent years it has become clear that patients undergoing a liver transplant 
procedure are not exempt from this type of complication, despite the assumed natural 
'anticoagulation' in these patients. Thromboembolic events, including central venous 

thromboembolic complications (inferior vena cava and intracardiac thrombosis and 
pulmonary embolism), portal vein and hepatic artery thrombosis, do occur in cirrhotic patients 
despite the well described abnormal routine coagulation tests in these patients. Apparently the 
abnormal coagulation tests in these patients do not accurately reflect the actual in vivo status 
of the hemostatic system. 

Since the clinical introduction of antifibrinolytics to prevent blood loss during surgery, it has 
been debated in several reports whether these drugs may be prothrombotic and lead to an 
increased risk for thrombotic complications or ischemic end-organ damage. 5•6 These reports 
include patients who did and who did not receive an antifibrinolytic drug and developed 
intra- or postoperative thromboembolic complications. Our studies did not reveal a 
significantly higher risk of central venous thromboembolic events, hepatic artery thrombosis, 
permanent renal failure or mortality when aprotinin was used. Nevertheless, the distribution of 
aprotinin was recently suspended based on studies in cardiac surgery indicating a higher risk 
of mortality in patients receiving aprotinin. 7 It needs to be awaited whether the drug will 
become available again. In the mean time other drugs such as tranexamic acid can be used as 
an alternative. 
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CHAPTER 9 SUMMARY AND DISCUSSION 

Postoperative prophylaxis with low molecular heparins is given to almost every surgical 

patient to prevent venous thromboembol ic complications. As a result  of the t raditional 

concept that patients with end-stage liver disease are prone for bleeding and major blood loss, 

the use of anticoagulant and antiplatelet drugs in patients undergoing OL T has been sparse. 

Now that it has become clear that hemostatic function in patients with cirrhosis may not be as 

abnormal as previously believed and that these patients are not "naturally" protected against 

thrombotic complications, we have to reconsider the restricted use of heparin and antiplatelet 

drugs (e.g. acetylsalicylic acid) in these patients. In fact, recent evidence suggests that 

antiplatelet drugs can be safely administered in liver transplant recipients and they seem 

effective in preventing HAT without apparent bleeding complications. 8 More studies are 

required to carefully evaluate the risks and safety of routine posttransplant anticoagu lant and 

antiplatelet drugs. Moreover, thrombelastography, which gives a dynamic assessment of 

coagulation, has the potential of evaluating overall hemostatic function including the presence 

of hypercoagulation and its use should be expanded. 

Early HAT remains a major complication in OLT, especia l ly in children. 9 It is one of the most 

common causes of graft loss, resulting in acute ischemic injury of the bile ducts, leading to 

biliary necrosis and sepsis. In this situation, immediate intervention or retransplantation is 

inevitable. Urgent revascu larization has been described as an alternative, avoiding 

retransp lantation of the liver. Long-term graft salvage can be obtained in about one-third of the 

patients, which seems worthwhile in this era of organ shortage. Future studies should focus on 

earlier detection of HAT to facilitate early interventions when HAT occurs. 
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