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ABSTRACT

Hyperfibrinolysis, a known complication of liver surgery and orthotopic liver transplantation (OLT),
plays a significant role in blood loss. This fact justifies the use of antifibrinolytic drugs during
these procedures. Two groups of drug namely lysine analogues [epsilon aminocaproic acid
(EACA) and tranexamic acid (TA)] and serine-protease-inhibitors (aprotinin) are frequently used
for this purpose. But uniform data or guidelines on the type of antifibrinolytic drugs to be used,
their indications and correct dose, is still insufficient. Antifibrinolytics behave like a double-edged
sword. On one hand, there are benefits of less transfusion requirements but on the other hand
there is potential complication like thromboembolism, which has been reported in several studies.
We performed a systematic search in PubMed and Cochrane Library, and we included studies
wherein antifibrinolytic drugs (EACA, TA, or aprotinin) were compared with each other or with
controls/placebo. We analysed factors like intraoperative red blood cell and fresh frozen plasma
requirements, the perioperative incidence of hepatic artery thrombosis, venous thromboembolic
events and mortality. Among the three drugs, EACA is least studied. Use of extensively studied
drug like aprotinin has been restricted because of its side effects. Haemostatic effect of aprotinin
and tranexamic acid has been comparable. However, proper patient selection and individualized
treatment for each of them is required. Purpose of this review is to study various clinical trials on
antifibrinolytic drugs and address the related issues like benefits claimed and associated potential
complications.
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Tranexamic acid is more commonly used and found to
be effective in decreasing transfusion requirements.

Majorblood lossis aknown complicationin liverresection
and liver transplantation, with a multi-factorial origin.
Hyper-fibrinolysis plays a significant role in non-surgical
blood loss requiring massive transfusion. Red blood
cell (RBC) and platelet transfusions are independent
risk factors for adverse outcomes after liver
transplantation.!!. Primary  hyper-fibrinolysis  that
occurs during liver surgery is the basis for the use
of antifibrinolytic agents to reduce blood loss and
transfusion requirements. Two groups of antifibrinolytics
are available: lysine analogues (epsilon aminocaproic
acid and tranexamic acid) and serine protease inhibitors
(aprotinin). Of these drugs, aprotinin has been the
most extensively studied but is now in disrepute as it
is reported to increase mortality in cardiac surgery.

SEARCH STRATEGY AND DATA ANALYSIS

A systemic literature search was conducted in PubMed
and the Cochrane Library from 1966 till date. The search
strategy was set up using the following single text
words and combinations: aprotinin, €-aminocaproic
acid (EACA), tranexamic acid (TA), antifibrinolytic
drug, antifibrinolytics and liver transplantation.
Reference lists of relevant articles were cross checked
for other potentially relevant articles.

In the systematic review all trials, both randomized
and non-randomized, comparing antifibrinolytic
drugs among each other or with placebo/controls were
included.
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The following data were considered. Red blood cell
(RBC) and fresh frozen plasma (FFP) transfusion
requirements during transplantation, perioperative
hepatic artery thrombosis and venous thromboembolic
events.We also compared the various drugs (TA, EACA,
aprotinin), irrespective of the dosage used.

HAEMOSTATIC CHANGES DURING LIVER
TRANSPLANTATION

During the anhepatic phase, circulating levels of
plasminogen activator inhibitor (PAI), which is
synthesized by the liver, are reduced leading to
increase in tissue plasminogen activator (t-PA). t-PA is
the major activator for the conversion of plasminogen
to plasmin resulting in fibrinolysis. At reperfusion,
there is an unpredictable but accelerated release of t-PA
from the graft endothelium which causes generalized
fibrinolysis and surgical bleeding.!>?

HAEMOSTATIC CHANGES DURING LIVER
RESECTION

There may be a variable degree of hyperfibrinolytic
state during liver resection. This event is more
pronounced in patients with diseased liver or who
undergo wider hepatectomy. The hyperfbrinolytic
state develops immediately after liver resection with
peak effect on the 1° postoperative day and returns to
normal only after 3-7 days.®

ANTIFIBRINOLYTIC AGENTS

Two groups of drugs are used to inhibit fibrinolysis: lysine
analogues (epsilon aminocaproic acid and tranexamic
acid) and the serine protease inhibitor (aprotinin).

Epsilon aminocaproic acid

Epsilon aminocaproic acid (EACA) is a synthetic
lysine analogue. It binds reversibly to the kringle
domain of the enzyme plasminogen, and competitively
inhibits the binding of plasminogen to lysine residue
on the surface of fibrin and prevents conversion of
plasminogen to plasmin. Some studies have shown that
it also inhibits pro-urokinase-induced plasminogen
activation and prevents plasmin degradation of
platelet glycoprotein Ib receptors, thus preserving
platelet function.”® It is primarily metabolised and
eliminated by kidney. Sixty-five percent of drug is
found unchanged in urine. Its half-life is about 2 hours.
EACA is associated with renal complications. Acute
renal failure may be due to Acute tubular necrosis
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(ATN), renal infarction, myopathy, pigment-induced
renal complications, glomerular capillary thrombosis
and elevated excretion of beta-2 microglobulin.

Tranexamic acid

A 4-aminomethyl cyclohexane-carbolic acid, which
is a synthetic derivative of the amino acid lysine.
Tranexamic acid (TA) prevents plasmin-mediated
conversion of fibrinogen to fibrinogen split products
by competitively binding to the lysine binding sites
on the plasminogen molecule. It also inhibits the
action of plasminogen and plasmin on platelets
and exerts a protective effect on platelets. At higher
concentrations, TA may also act as non-competitive
inhibitor of plasmin.® It is 6-10 times more potent
than EACA and has a longer half-life, which is about
3.1 hours. As compared to EACA, its antifibrinolytic
activity is higher in peripheral compartments like
kidney, intestines, and prostatic tissues.'”? Kidney is
the primary organ for its excretion where about 95%
of drug is eliminated in unchanged form. TA is a well-
tolerated drug with less adverse effects. However, it
is reported to be associated with nausea, vomiting,
diarrhoea, orthostatic reactions and retinal changes.

Aprotinin

It is a naturally occurring protease inhibitor
derived from bovine and porcine lung. It inhibits
various proteases like human plasmin, trypsin,
kallikrein, chymotrypsin, activated protein C and
thrombin."**4 It forms an aprotinin-enzyme complex
on the active serine site of the enzyme which has a
specific dissociation constant for aprotinin — highest
with trypsin, moderate with plasmin and lowest
with kallikrein. Inhibition of kallikrein requires a
higher dose of aprotinin than inhibition of plasmin.
Mechanism of action of aprotinin is complex including
inhibition of plasmin, contact activation system
(via kallikrein inhibition) and tissue-plasminogen
activator production. In addition to antifibrinolytic
effect, aprotinin also has antithrombotic effects,
which may be due to selective blockade of
proteolytically activated thrombin receptors (PAR1) on
platelets.'¥ The proteases are a part of various
inflammatory cascades, which may explain the role
of aprotinin in decreasing the inflammatory response
during major surgery. The terminal half-life is 7-8
hours. There have been concerns about the safety of
aprotinin. Side effects like anaphylaxis and thrombosis
could lead to renal failure, myocardial infarction, heart
failure, stroke and encephalopathy. Bayer withdrew
aprotinin in November 2007 because Fergussion and
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others showed an increased risk of death when
used to prevent bleeding during cardiac surgery. The
study compared aprotinin with lysine analogues (TA
and EACA) in patients undergoing cardiac surgery.
Although there was less bleeding with aprotinin, the
trial was prematurely terminated because of higher
death rates in patients receiving aprotinin. The FDA
(USA) now recommends restricted use of aprotinin
only in patients with increased risk of bleeding when
no other acceptable alternative is available and that
the physician using aprotinin in such a situation must
outweigh the risk for the patient.!*?

Review of literature

EACA

EACA was first used in liver transplantation in 1966./%
In a study of 97 patients undergoing OLT, 20 patients
developed severe hyperfibrinolytic state and were
treated successfully with 1 gm of EACA.P! In another
randomized placebo-controlled study using EACA 16
mg/kg/h, TA 10 mg/kg/h and placebo, EACA reduced
RBC and FFP transfusion requirement, but this was
not statistically significant, whereas TA significantly
decreased fibrinolysis and RBC
requirements. The incidence of thrombosis did not
differ among the 3 groups.!”!

intraoperative

TA

Use of TA in OLT was first reported in the 1980s.1'®
Later on TA was compared with placebo in 45 patients
of OLT, where TA (20 mg/kg) showed significantly
less intraoperative blood loss and reduced transfusion
requirements.’” No patient had hepatic artery or
portal vein thrombosis. But other investigators failed
to demonstrate efficacy of small dose of TA (2 mg/kg/h)
in reducing transfusion requirements and reported
one case of hepatic artery thrombosis postoperatively
with TA.® In another randomized controlled study
with TA (10 mg/kg/h) and aprotinin (2 million KIU
bolus followed by 500,000 KIU/h infusions), Dalmau
and others. did not find any significant difference in
blood loss, transfusion requirements or perioperative
complications.!?”

Wu and others conducted a prospective randomized
trial to examine the feasibility of a blood transfusion-
free hepatectomy. They administered TA 500 mg before
surgery followed by 250 mg 6 hourly for 3 days, and
observed significantly less intraoperative blood loss,
lower transfusion rate and shorter operative time.!®!
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Aprotinin

Neuhaus and others! first reported the clinical use
of aprotinin in OLT in 1989 with a dose of 2 million
Kallikren inhibition unit (KIU), which reduced blood
loss, transfusion requirements and duration of surgery.
Subsequently, several other reports supported this
finding.1?*?”! A comparative study with two different
doses of aprotinin (high dose, i.e., 2 million KIU
followed by an infusion of 500,000 KIU/h vs. low
dose, i.e., 500,000 KIU followed by infusion of 150,000
KIU/h) found no significant difference in the rate of
red cell transfusion between the high and low dose
groups.”® Another study showed that low dose
aprotinin  decreased cryoprecipitate and FFP
requirements but not PRBC and platelet requirement®*
Garcia-Huete and others challenged its efficacy in a
prospective trial comparing aprotinin (2x10° KIU at
induction followed by 5x10° KIU/h infusions) with
placebo and found similar intraoperative requirements
of RBCs, Fresh frozen plasma (FFP), platelets and
cryoprecipitate in both groups.?”!

Aprotinin also has anti-inflammatory and antioxidant
effects, which helps to provide significantly better
haemodynamic stability and a lesser degree of
reperfusion syndrome in OLT.P” The European
Multicentre Study of Aprotinin in Liver transplant
(EMSALT) showed a decrease in red blood cell usage
with both high dose and regular dose of aprotinin.®®

Aprotinin was also showed wuseful to reduce
intraoperative blood loss and transfusion requirement
in elective liver resection without any venous
thrombosis.*" Lentschener and others®® reviewed the
use of aprotinin in liver transplantation and concluded
that prophylactic use of large dose aprotinin decreases
blood loss and transfusion requirement only when
OLT is associated with significant blood loss and did
not alter postoperative outcome.

There are many reviews on the use of antifibrinolytics in
liver surgery.’*3¥ In one review; aprotinin appears to be
more effective than TA and EACA. But authors commented
that it has been studied more extensively.*® Molenaar
and others® reviewed antifibrinolytics in liver
transplantation and concluded that both aprotinin and
TA significantly reduce RBC transfusion requirements.
Aprotinin, but not TA, significantly reduces the intra-
operative use of FFP. There was no evidence of an
increased risk of hepatic artery thrombosis, venous
thromboembolic events or mortality in patients who
received antifibrinolytics.
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In a review evaluating haemostatic effect of aprotinin
with nafamostat mesilate, improvements in surgical
technique and anaesthesiological care were found to
be more important in reducing blood loss than the use
of the antifibrinolytic drugs in partial hepatectomy. In
liver transplantation, aprotinin reduced blood loss and
transfusion requirements by 30- 40%. They concluded
that scientific support for the routine use of aprotinin
or nafamostat mesilate in partial hepatectomy was
insufficient, whereas the efficacy of aprotinin in
liver transplantation was confirmed.® However,
pharmacological measures to reduce bleeding and
transfusion requirements must be based on clinical
evidence.?®

Gurusamy and others® reviewed pharmacological
interventions to decrease bleeding in liver resection
using aprotinin, desmopressin, recombinant factor VIla,
antithrombin IIT and TA. There was no significant difference
in the perioperative mortality, survival at maximal follow-
up, liver failure or other perioperative morbidity.
Transfusion requirement was significantly lower in
the aprotinin and tranexamic acid groups. Authors
concluded that there was high risk of type I and type II
statistical errors because of few trials, the small sample
size in each trial and due to high risk of bias.

COMPLICATIONS

Thromboembolic phenomena are the most undesirable
complications during liver transplantation manifesting
as hepatic artery thrombosis, venous thromboembolism
pulmonary thromboembolism. The pathogenesis of
thromboembolism during OLT is complex. Several factors,
which are inherent to the procedure of transplantation,
can activate the coagulation system. Injury of a large
capillary bed, venous stasis due to clamping (total or
partial) of venacava or portal vein, ischemic insult of
the intestine, activators released from the graft, massive
blood loss, septic complications and use of venovenous
bypass may all contribute to this increased risk for
thromboembolic events. However, development of full-
blown disseminated intravascular coagulation (DIC) and
a consumption coagulopathy is rare. In a recent review
of thromboembolic complications in OLT identified
seventy-four cases of intraoperative pulmonary embolism
(PE) and/or intra cardiac thrombosis (ICT) during OLT;
PE alone in 32 patients (43%) and a combination of PE
and ICT in 42 patients (57%). 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 antifibrinolytics. The authors commented that
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intraoperative PE and ICT during OLT have multiple
aetiologies and may occur unexpectedly at any time
during the procedure.?%

Hepatic artery thrombosis is a serious complication,
resulting in bile duct necrosis requiring re-transplan-
tation. In a systematic review and meta-analysis, the
incidence of hepatic artery thrombosis in placebo
group was 2.5%, 4.6% with TA, 4.8% with EACA and
1.3% with aprotinin, which is lower than any other
group.4

Venous thromboembolism 1is another concern,
which has been reported by several authors.®*"
There are at least 30 case reports of intraoperative
thromboembolism. One case report did not mention
the use of antifibrinolytics. In 5 out of 29 cases,
antifibrinolytics were not used. Out of 24 patients
receiving antifibrinolytics, 11 received aprotinin,
10 received EACA and 3 patients had received both
EACA and aprotinin. No case of intraoperative
thromboembolism was reported with TA.

In a recent review,** the incidence of venous
thromboembolic events with TA was 0.7% (2/306,
both postoperatively), with aprotinin 1.4% (5/349, 3
postoperative) and with placebo 1.5%.

Different studies are shown in tabular form [Table 1]
with different antifibrinolytic agents, time of their
administration, and their outcome.®4-%!  Post-
transplant morbidity in the form of thromboembolic
complications differs in the recipients of live donor liver
transplant (LDLT) and deceased donor liver transplant
(DDLT)/ split liver transplant. In a retrospective cohort
study, incidence of hepatic artery thrombosis was
higher in LDLT (6.5%) than DDLT (2.3%), while portal
vein thrombosis was 2.9% in LDLT and 0% in DDLT. %
In a single centre study with 224 patients, the incidence
of vascular complications was significantly higher with
LDLT compared to DDLT (hepatic artery thrombosis-
4.3% vs. 3.2%, portal vein thrombosis- 7.2% vs. 2.6%,
respectively).’® However, a recent systematic review
reported no difference in the incidence of early hepatic
artery thrombosis between on LDLT (3.1%) and DDLT
(4.6%, P=0.1).15%

DISCUSSION

Other than fibrinolysis, there may be multiple
causative factors for excessive bleeding during OLT
like thrombocytopenia, dilutional coagulopathy,
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Table 1: Venous thromboembolism: Review of literature

Year Author Cases Antifibrinolytic Phase Outcome
1988 Navalgund et al. 1 None Anhepatic Death
1994 Baubillier et al. 1 Aprotinin Preanhepatic Death
1995 Prah et al. 1 EACA Preanhepatic Survived
1995 Prah et al. 1 EACA Preanhepatic Death
1997 Sopher et al. 1 Aprotinin Anhepatic Survived
1997 Sopher et al. 1 EACA+Apro Reperfusion Death
1998 Maniji et al. 1 Aprotinin Reperfusion Survived
2001 Gologorsky et al. 2 None Reperfusion Survived
2001 Gologorsky et al. 5 EACA Reperfusion Survived
2001 Fitzsimmons et al. 1 Aprotinin Anhepatic Survived
2001 Fitzsimmons et al. 1 Aprotinin Anhepatic Death
2002 O’connor et al. 1 Aprotinin Dissection Survived
2002 O’connor et al. 1 EACA+Apro Anhepatic Survived
2002 Wong et al. 2 EACA Anhepatic Survived
2004 Planinsic et al. 1 None Preanhepatic Survived
2004 Ramsay et al. 1 Aprotinin Reperfusion Death
2005 Lerner et al. 2 None Preanhepatic anhepatic Survived
2005 Lerner et al. 2 None Anhepatic Death
2006 Jackson et al. 1 EACA Preanhepatic Survived

hypothermia, bleeding due to technical difficulty
and inadequate surgical expertise. Antifibrinolytics
will decrease bleeding only in cases where it is
caused by enhanced fibrinolysis. But they would be
harmful in patients with prothrombotic states like
Budd-Chiari syndrome, multiorgan transplantation,
retransplantation, fulminant liver disease, primary
biliary cirrhosis, primary sclerosing cholangitis, renal
failure, malignant disease, preexisting thrombotic
disease (portal vein thrombosis), and DIC and
in paediatric patients. Literature on the use of
antifibrinolytic drugs in liver resections is limited.

Among the three antifibrinolytics, aprotinin and TA
are widely studied drugs, whereas with EACA, only
one RCT is available,” which showed no benefit
in comparison with placebo. Therefore, until more
definitive studies are performed, the role of EACA in
OLT will remain ill defined.

Aprotinin and TA have been shown to decrease RBC
transfusion requirement in OLT. Aprotinin, but not
TA, also reduces intraoperative use of FFP significantly.
However, with the FDA warning in 2007 regarding the
use of aprotinin,™ physicians should consider the use of
aprotinin in situations where the benefit of reduced blood
loss outweighs the potential risks associated with its use.

TA has been shown equally effective as aprotinin in
reducing blood loss.”” When compared to aprotinin it

Indian Journal of Anaesthesia | Vol. 54| Issue 6 | Nov-Dec 2010

will provide the advantage of being more cost-effective
with fewer side effects.

As mentioned earlier, a hyper-coagulable state may
also occur in OLT and the risk of thromboembolic
complicationswillincrease with use of antifibrinolytics.
It is desirable to preoperatively identify the patients
who will benefit from an antifibrinolytic drug, thus
avoiding extra costs and side effects in patients
who do not need the drug. There is no uniform
definition of these high-risk cases, but patients with
chronic hepatitis, cirrhosis and portal hypertension
usually have higher blood loss and are more prone
to hyperfibrinolysis. Antifibrinolytics are generally
avoided in patients with pre-existing thrombosis,
Budd-Chiari syndrome, hepatic artery or portal venous
thrombosis.

Another concern is the optimal dosing of the drug.
Various dosing schemes have been described in
different studies reported so far with no consensus
available regarding dosage of any of these three
antifibrinolytic drugs.

CONCLUSION

Reduction in intraoperative bleeding and transfusion
requirement with aprotinin and tranexamic acid has
been well established in patients undergoing orthotopic
liver transplantation. However, patient selection should
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be on an individual basis to avoid complications.
Further large scale and systematic studies are required
to draw a firm conclusion about the lowest effective
dosages and the risk of thromboembolic complications
with antifibrinolytic use.

REFERENCES

1. De Boer MT, Christensen MC, Asmussen M, van der Hilst CS,
Hendriks HG, Slooff MJ, et al. The impact of intraoperative
transfusion of platelets and red blood Cells on survival after
liver transplant. Anesth Analg 2008;106:32-44.

2. Yost CS, Niemann CU. Anesthesia for Abdominal Organ
Transplantation. Miller’s Anesthesia. 7" ed. Philadelphia:
Churchill Livingstone Elsvier; 2010. p. 2155-84.

3. Kang Y, Lewis JH, Navalgund A, Russell MW, Bontempo FA,
Niren LS, et al. Epsilon-aminocaproic acid for treatment of
fibrinolysis during liver transplantation. Anesthesiology
1987;66:766-73.

4. Kasper M, Ramsay MA, Nguyen AT, Cogswell M, Hurst G,
Ramsey KJ. Continuous small-dose tranexamic acid reduces
fibrinolysis but not transfusion requirements during orthotopic
liver transplantation. Anesth Analg 1997;85:281-5.

5. Porte RJ, Bontempo FA, Knot EA, Lewis JH, Kang YG, Starzl
TE. Systemic effects of tissue plasminogen activator-associated
fibrinolysis and its relation to thrombin generation in orthotopic
liver transplantation. Transplantation 1989;47:978-84.

6. Wu CC, Ho WN, Cheng SB, Yeh DC, Wen Mg, Liu TJ, et al.
Perioperative parenteral tranexamic acid in liver tumor
resection. Ann Surg 2006;243:173-80.

7. Sun Z, Chen Y, Wang P, Zhang J, Gurewich V, Zhang P,
et al. The blockage of the high-affinity lysine binding sites of
plasminogen by EACA significantly inhibits prourokinase-
induced plasminogen activation. Biochim Biophys Acta
2002;1596:182-92.

8. Wells PJ. Safety and efficacy of methods for reducing
perioperative allogeneic transfusion: a critical review of the
literature. Am ] Ther 2002;9:377-88.

9. Verstraete M. Clinical application of inhibition of fibrinolysis.
Drugs 1985;29:236-61.

10. Hardy J, Desroches J. Natural and synthetic antifibrinolytics in
cardiac surgery. Can ] Anaesth 1992;39:353-65.

11. Robert S, Wagner BKJ, Boulanger M, Richer M. Aprotinin. Ann
Pharmacother 1996;30:372-80.

12. Peters DC, Noble S. Aprotinin - an update of its pharmacology
and therapeutic use in open heart Surgery and coronary artery
bypass surgery. Drugs 1999;57:233-60.

13. Landis RC, Asimakopoulos G, Poullis M, Haskard DO, Taylor
KM. The antithrombolic and anti-inflammatory mechanisms of
action of aprotinin. Ann Thorac Surg 2001;72:2169-75.

14. Fergusson DA, Herbert PC, Mazer D, Fremes S, MacAdams
C, Murkinn JN, et al. A comparison of Aprotinin and Lysine
Analogues in High-Risk Cardiac Surgery. N Eng ] Med
2008;358:2319-31.

15. FDA-Available from: http:/www.fda.gov/cder/drug/infopage/
aprotinin/default.htm [last accessed on 2010 Feb 5].

16. Von Kaulla KN, Kaye H, Von Kaulla E, Marchioro TL, Starzl TE.
Changes in blood coagulation, before and after hepatectomy or
transplantation in dogs and man. Arch Surg 1966;92:71-9.

17. Dalmau A, Sabate A, Acosta F, Garcia-Huete L, Koo M, Sansano
T, et al. Tranexamic acid reduces red cell transfusion better
than aminocaproic acid or placebo in liver transplantation.
Anesth Analg 2000;91:29-34.

18. Carlier M, Veyckemans F Scholtes JL, Gouverner JM,
Gribomont BE Moulin D, et al. Anesthesia for pediatric
hepatic transplantation;experience of 33 cases. Transplant Proc
1987;19:3333-7.

494

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Boylan JE Klinck JR, Sandler AN, Arellano R, Greig PD, Nierenberg
H, et al. Tranexamic acid use reduces blood loss, transfusion
requirements, and coagulation factor in primary orthotopic liver
transplantation. Anesthesiology 1996;85:1043-8.

Dalmau A, Sabate A, Koo M, Bartolome C, Rafecas A, Figueras
], et al. The prophylactic use of tranexamic acid and aprotinin
in orthotopic liver transplantation: a comparative study. Liver
Transpl 2004;10:279-84.

Neuhaus P, Bechstein WO, Lefebre B, Blumhardt G, Slama K.
Effect of aprotinin on intraoperative bleeding and fibrinolysis
in liver transplantation. Lancet 1989;2:924-5.

Patrassi GM, Viero M, Sartori MT, De Silvestro G, Rossaro L,
Burra P, et al. Aprotonin efficacy on intraoperative bleeding and
transfusion requirements in orthotopic liver transplantation.
Transfusion 1994;34:507-11.

Marcel RJ, Stegall WC, Suit CT, Arnold JC, Vera RL,
Ramsay MA, et al. Continuous small-dose aprotinin controls
fibrinolysis during orthotopic transplantation. Anesth Analg
1996;82:1122-5.

Molenaar 1QQ, Begliomini B, Martinelli G, Putter H, Terpstra
O, Porte RJ. Reduced need for vasopressors in patients
receiving aprotinin during orthotopic liver transplantation.
Anesthesiology 2001;94:433-8.

Devi A S, Kapoor D, Gopal PB, Subrahmanyam M, Ravichandra
RS. Effect of antifibriolytic drugs on transfusion requirement
and blood loss during orthotopic liver transplantation: Results
from a single centre. Asian J Transfus Sci 2008;2:61-5.

Porte RJ, Molenaar IQ, Begliomini B, Gorenland TH,
Januszkievicz A, Lindgren L, et al. Aprotinin and transfusion
requirements in orthotopic liver transplantation: a multicentre
randomised double-blind study. Lancet 2000;355:1303-9.

Liu CM, Chen J, Wang XH. Requirement for transfusion and
Postoperative outcomes in orthotopic liver transplantation:
A meta-analysis on Aprotinin. World ] Gastroenterol
2008;14:1425-9.

Soilleux H, Gillon M, Mirand A, Daibes M, Leballe E Ecoffey
C. Comparative effects of small and large aprotinin doses on
bleeding during orthotopic liver transplantation. Anesth Analg
1995;80:349-52.

Garcia-Huete L, Domenech P, Sabate A, Matinez-Brotons F,
Jaurrieta E, Figueras J. The prophylactic effect of aprotinin on
intraoperative bleeding in liver transplantation: a randomized
clinical study. Hepatology 1997;26:1143-8.

Milroy SJ, Cottam S, Tan KC, Hilmi I, Oyesola B. Improved
haemodynamic stability with administration of aprotinin during
orthotopic liver transplantation. Br ] Anaesth 1995;75:747-51.

Lentschner C, Benhamou D, Mercier FJ, Boyer- Neumannc C,
Naeau S, Smajd C, et al. Aprotonin reduces blood loss in patiets
undergoing elective liver resection. Anesth Analg 1997;84:875-81.
Lentschener C, Roche K, Ozier Y. A review of Aprotinin in
Orthoopic Liver Transplantation: Can its Harmful Effects Offset
Its Beneficial Effects? Anesth Analg 2005;100:1248-55.

Xia VW, Steadman RH. Antifibrinolytics in orthotopic liver
transplantation: Liver Transpl 2005;11:10-8.

Molenaar 1Q, Warnaar N, Groen H, Tenvergert EM, Slooff MJ,
Porte RJ. Efficacy and safety of antifibrinolytic drugs in liver
transplantation: a systemic review and meta-analysis. Am J
Transplant 2007;7:185-94.

Pereboom IT, de Boer MT, Porte RJ, Molenaar IQ. Aprotonin and
Nafamostat mesilate in liver surgery: effect on blood loss. Dig
Surg 2007;24:282-7.

Dalmau A, Sabate A, Aparicio I. Hemostasis and coagulation
monitoring and management during liver transplantation. Curr
Opin Organ Transplant 2009;14:286-90.

Gurusamy KS, Li J, Sharma D, Davidson BR. Pharmacological
interventions to decrease blood loss and transfusion
requirements for liver resection. Cochrane Database Syst Rev
2009;7:CD008085.

Gologorsky E, De Wolf AM, Scott V, Aggarwal S, Dishart M,
Kang Y. Intracardiac thrombus formation and pulmonary

Indian Journal of Anaesthesia | Vol. 54| Issue 6 | Nov-Dec 2010



39.

40.

41.

42.

43.

44.

45.

46.

47.

Makwana, et al.: Antifibrinolytics in liver surgery

thromboembolism immediately after reperfusion in 7 patients
undergoing liver transplantation. Liver Transpl 2001;9:783-9.
Warnaar N, Molenaar 1Q, Colquhoun SD, Slooff MJ, Sherwani
S, de Wolf AM, et al. Intraoperative pulmonary embolism and
intracardiac thrombosis complicating liver transplantation: a
systematic review. ] Thromb Haemost 2008;6:297-302.
Navalgund AA, Kang Y, Sarner JB, Jahr JS, Gieaerts R. Massive
pulmonary thromboembolism during liver transplantation.
Anesth Analg 1988;67:400-2.

Baubillier E, Cherqui D, Dominique C, Khalil M, Bonnet F
Fagniez PL, et al. A fatal thrombotic complication during liver
transplantation after aprotinin administration. Transplantation
1994;57:1664-6.

Prah GN, Lisman SR, Maslow AD, Freeman RB, Rohrer RJ.
Transesophageal echocardiography reveals an unusual cause of
hemodynamic collapse during Orthotopic liver transplantation-
two case reports. Transplantation 1995;59:921-5.

Sopher M, Braunfeld M, Shackleton C, Busutil RW,
Sangwan S, Csete M. Fatal pulmonary embolism during liver
transplantation. Anesthesiology 1997;87:429-32.

Manji M, Isaac JL, Bion J. Survival from massive intraoperative
pulmonary thrombo embolism during orthotopic liver
transplantation. Br ] Anaesth 1998;80:685-7.

Fitzsimons MG, Peterfreund RA, Raines DE. Aprotinin
administration and pulmonary thromboembolism during
orthotopic liver transplantation: report of two cases. Anesth
Analg 2001;92:1418-21.

O'Connor CJ, Roozeboom D, Brown R, Tuman KJ. Pulmonary
thromboembolism during liver transplantation: possible
association with antifibrinolytic drugs and novel treatment
options. Anesth Analg 2002;91:296-9.

Wong WH, Braunfeld M, Levin P. Recurrent pulmonary

Indian Journal of Anaesthesia | Vol. 54| Issue 6 | Nov-Dec 2010

48.

49.

50.

51.

52.

53.

54.

embolism during liver transplantation: possible role of hepatitis
B immune globulin as a causative agent. Anesthesiology
2002;96:1261-3.

Planinsic RM, Nicolau-Raducu R, Eghtesad B, Marcos A.
Diagnosis and treatment of intracardiac thrombosis during
orthotopic liver transplantation. Anesth Analg 2004;99:353-6.

Ramsay MA, Randall HB, Burton EC. Intravascular
thrombosis and thromboembolism during liver transplantation:
antifibrinolytic therapy implicated? Liver Transpl 2004;10:310-4.

Lerner AB, Sundar E, Mahmood F, Sarge T, Hanto DW, Panzica
PJ. Four cases of cardiopulmonary thromboembolism during
liver transplantation without the use of antifibrinolytic drugs.
Anesth Analg 2005;101:1608-12.

Jackson D, Botea A, Gubenko Y, Delphin E, Bennett H.
Successful Intraoperative use of recombinant tissue
plasminogen activator during liver transplantation complicated
by massive intracardiac/pulmonary thrombosis. Anesh Analg
2006;102:724-8.

Freise CE, Gillespie BW, Koffron AJ, Lok ASFE, Pruett TL, Emond
JC, et al. Recipient morbidity after living and deceased donor
liver transplantation: findings from the A2ALL retrospective
chort study. Am J Transplant 2008;8:2569-79.

Khalaf H. Vascular complications after deceased and living donor
liver transplantation: a single-centre experience. Transplant Proc
2010;42:865-70.

Bekker J, Ploem S, de Jong KP. Early hepatic artery thrombosis
after liver transplantation: a systematic review of the incidence,
outcome and risk factors. Am J Transplant 2009;9:746-57.

Source of Support: Nil, Conflict of Interest: None declared

495


Azhar
Rectangle


