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Abstract Systemic haemostatic agents play an important role in the management of

blood loss during major surgery where significant blood loss is likely and their use
has increased in recent times as a consequence of demand for blood products
outstripping supply and the risks associated with transfusions. Their main applica-
tion is as prophylaxis to reduce bleeding in major surgery, including cardiac and
orthopaedic surgery and orthotopic liver transplantation. Aprotinin has been the
predominant agent used in this setting; of the other antifibrinolytic agents that
have been studied, tranexamic acid is the most effective and €-aminocaproic acid
may also have a role. Eptacog alfa (recombinant factor VIla) has also shown
promise. Tranexamic acid, e-aminocaproic acid and eptacog alfa are generally
well tolerated; however, when considering the methods to reduce or prevent blood
loss intra- and postoperatively, the benefits of these agents need to be weighed
against the risk of adverse events. Recently, concerns have been raised about the
safety of aprotinin after an association between increased renal dysfunction and
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mortality was shown in retrospective observational studies and an increase in all-
cause mortality with aprotinin relative to tranexamic acid or e-aminocaproic acid
was seen after a pre-planned periodic analysis of the large BART (Blood conser-
vation using Antifibrinolytics in a Randomized Trial) study. The latter finding
resulted in the trial being halted, and aprotinin has subsequently been withdrawn
from the market pending detailed analysis of efficacy and safety results from the
study. Part 1 of this benefit-risk review examines the efficacy and adverse effect
profiles of systemic haemostatic agents commonly used in surgery, and provides
individual benefit-risk profiles that may assist clinicians in selecting appropriate
pharmacological therapy in this setting.

Systemic haemostatic agents prevent or reduce
blood loss by either improving primary haemostasis,
stimulating fibrin production or inhibiting fibrinoly-
sis.l21 These drugs are primarily used intravenously
in situations where major blood loss needs to be
managed, such as major surgery, trauma or in pa-
tients with specific underlying haemostatic defects.
Some of these agents (e.g. an oral formulation of the
antifibrinolytic agent tranexamic acid and an in-
tranasal formulation of the procoagulant desmopres-
sin) are also of use in other settings, including the
management of excessive or heavy menstrual bleed-
ing (see part 2P of this review). Part 1 of this
benefit-risk review examines the efficacy and ad-
verse effect profiles of systemic haemostatic agents
commonly used in major surgery where significant
blood loss is likely, and provides individual benefit-
risk profiles that may assist clinicians in selecting
appropriate pharmacological therapy in this setting.

A literature search for this part and part 23 of this
review was performed to identify systematic re-
views and primary randomized clinical trials. Inclu-
sion of studies was based mainly on the methods
section of the trials. Where available, large, well
controlled trials with appropriate statistical method-
ology were preferred, although smaller trials and
observational data were included where no large,
well controlled trials were available. Databases
searched included MEDLINE (1966-May 2007)
and EMBASE (1980-May 2007). Additional refer-
ences were identified from the reference lists of
published articles. Key search terms were ‘menor-
rhagia’, ‘surgery-related bleeding’, ‘safety’, ‘tolera-
bility’, ‘adverse effects’, ‘efficacy’, ‘randomised

© 2008 Adis Data Information BV. All rights reserved.

trial’, ‘clinical trial’, ‘heavy menstrual bleeding’,
‘acute upper gastrointestinal bleeding’, ‘pregnancy-
related bleeding’, ‘conisation of the cervix’, ‘ocular
trauma’, ‘hereditary  angioneurotic oedema’,
‘subarachnoid = haemorrhage’,  ‘antifibrinolytic
agents’, ‘lysine analogues’, ‘protease inhibitors’,
‘tranexamic acid’, aminocaproic acid’, ‘EACA’,
‘aprotinin’, ‘nafamostat’, ‘vitamin K’, ‘procoagu-
lants’, ‘desmopressin’, ‘DDAVP’, ‘recombinant
factor VIIa’, ‘eptacog alfa’, ‘nonsteroidal anti-in-
flammatory drugs’, ‘NSAIDs’, ‘mefenamic acid’,
‘hormones’, ‘combined oral contraceptives’, ‘oral
contraceptives’, ‘progestogens’, ‘danazol’, ‘gonado-
tropin releasing hormone analogues’, ‘norethister-
one’, ‘levonorgestrel-intrauterine device’, ‘LNG-
IUS’, ‘conjugated estrogens’, ‘carbazochrome’,
‘ethamsylate’, ‘batroxobin’, ‘para-aminomethyl
benzoic acid’, ‘PAMBA’, ‘thrombosis’, ‘venous
thromboembolism’, and ‘VTE’.

1. Systemic Haemostatic Agents Used in
Major Surgery

Haemostasis is essentially a balance between
thrombus formation and thrombus dissolution (fibri-
nolysis). Historically, bleeding events have been
treated with transfusions of blood components, such
as platelets, clotting factors or red blood cells.[
However, in recent times, demand for blood prod-
ucts has outstripped supply.’! In addition, there are
numerous risks associated with blood transfusion
(e.g. transfusion-related lung injury, potential for
transmitting infection, immunosuppression and sub-
sequent increased postoperative morbidity).18! As a
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Table I. Intravenous dosages of systemic haemostatic agents recommended/used in clinical trials in cardiac surgery patients without

haemostatic disorders

Agent Dosage

Aprotinin

High-dose regimen: loading dose of 2 million KIU at induction of anaesthesia, followed by a

maintenance dose of 500 000 KIU/h as a continuous infusion during surgery (total dose >5
million KIU) and optional pump priming dose of 2 million KIU.

Low-dose regimen: loading dose of 1 million KIU at induction of anaesthesia, followed by a
maintenance dose of 250 000 KIU/h during surgery (total dose <5 million KIU) and optional
pump priming dose of 1 million KIU®17]

Tranexamic acid

Total dose 3—-10 g. Administered as a loading dose of 2-7 g at induction of anaesthesia,

followed by a maintenance dose of 20-250 mg/h as a continuous infusion during surgery!®!

Nafamostat
e-Aminocaproic acid

2 mg/kg/h as a continuous infusion during surgery!'?
Total dose: 10-30 g. Administered as a loading dose of 1-15 g at induction of anaesthesia,

followed by a maintenance dose of 1-2 g/h as a continuous infusion during surgery!®!

Desmopressin
Eptacog alfa (recombinant factor Vlla)

0.3 ng/kg as a 20-min infusion at initiation of bypass!® 18l
35-90 mg/kg bolus after discontinuation of bypass!'92°]

consequence, systemic haemostatic agents, such as
antifibrinolytics and procoagulants, are increasingly
being used to limit blood loss in major surgical
procedures where significant blood loss is likely,
despite sound surgical techniques, (e.g. cardiotho-
racic, orthopaedic and spinal surgery and orthotopic
liver transplantation) and the treatment of patients
with specific underlying haemostatic defects.?3-16]
The recommended dosages of the most frequently
used agents are shown in table 1.

1.1 Antifibrinolytics

Antifibrinolytic agents, including the lysine ana-
logues tranexamic acid and e-aminocaproic acid,
and the protease inhibitors aprotinin and nafamostat,
have been used successfully for several decades to
prevent and/or control bleeding in surgical proce-
dures in both patients with normal haemostasis and
those with inherited blood disorders.!®2!221 The ben-
efits and risks of these drugs in these indications are
discussed in more detail in subsequent sections.

Lysine analogues act by forming a reversible
complex with plasminogen, whereas protease inhib-
itors inhibit serine proteases such as plasmin, trypsin
and kallikrein.['* Antifibrinolytics are predominant-
ly used in a surgical setting (table 1I).['31 Until its
recent withdrawal from the market pending analysis
of the BART (Blood conservation using Antifibri-
nolytics in a Randomized Trial) study results,[>324
aprotinin was the only antifibrinolytic agent ap-
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proved in the US!'"! and Europe,'* where it was
indicated for prophylactic systemic use to reduce
perioperative blood loss and the need for blood
transfusion in patients undergoing cardiopulmonary
bypass in the course of coronary artery bypass sur-
gery who are at increased risk for blood loss and
transfusion.

1.1.1 Aprotinin

Aprotinin is a polypeptide of bovine origin that
inhibits a broad spectrum of plasma serine proteases
over a wide range of concentrations. Inhibition of
serine proteases by aprotinin results in a reduction in
fibrinolysis, thereby aiding haemostasis during sur-
gical procedures.[% As well as inhibition of fibri-
nolysis, the prohaemostatic effects of aprotinin are
due to several other mechanisms, including stabili-
zation of platelet function.!”l Aprotinin is the only
antifibrinolytic agent with Class A Level 1 evidence
for reduction of transfusion requirements and pre-
vention of reoperation for excessive bleeding in
cardiac surgery.[%]

Multiple randomized clinical trials have clearly
established the efficacy of aprotinin in reducing
blood loss and transfusion requirements in patients
undergoing cardiac surgery (see table II for out-
comes in larger, randomized studies), orthotopic
liver transplantation and, to a lesser extent, thoracic
surgery and orthopaedic surgery.['396-731 Low-dose
aprotinin has been shown to be as generally effec-
tive as high-dose aprotinin.[?! Meta-analyses have

Drug Safety 2008; 31 (3)
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indicated that in addition to these benefits, aprotinin
decreases mortality in cardiac surgery almost 2-fold
and decreases the need for reoperation.*761 Al-
though aprotinin is effective in reducing both surgi-
cal blood loss and transfusion requirements,”’! it is
considerably more costly in terms of acquisition
costs36:383978] and direct and indirect bleeding-relat-
ed costs than other antifibrinolytics.[36-38!

Aprotinin has been extensively monitored for
adverse events in clinical trials and postmarketing
databases. Although it is generally well tolerated,
hypersensitivity reactions may occurt’-8!1 and the
risk of this occurring appears to increase after re-
peated use.['01L1382831 A case of acute respiratory
distress syndrome after an infusion of aprotinin be-
cause of bleeding following tonsillectomy has been
reported. 34

Aprotinin does not appear to be associated with
an increased risk of venous thromboembolism
(VTE),""! although isolated cases of fatal thrombo-
sis and/or VTE after cardiac or thoracoabdominal
aortic surgery or orthotopic liver transplantation
have been reported.83-87]

Unlike the lysine analogues tranexamic acid and
€-aminocaproic acid, aprotinin has high affinity for
the kidneys, which could potentially affect renal
function.!®! In two retrospective observational stud-
ies of aprotinin in patients undergoing either prima-
ry or complex coronary artery surgery,'®-!l and a
large prospective study in patients undergoing liver
transplantation,®?! aprotinin was found to be asso-
ciated with an increased risk of renal dysfunction
during the first postoperative week!®*??! or renal
failure requiring dialysis in comparison with pa-
tients who did not receive antifibrinolytic therapy.
11 In one analysis, aprotinin was also associated
with increased mortality.[®” In comparison, neither
tranexamic acid and/or €-aminocaproic acid was
associated with an increased risk of renal, 891 car-
diac or cerebral events or increased mortality.[*%1)
Additional unpublished observational data made
available to the US FDA also indicated that apro-
tinin may be associated with an increased risk for
death, kidney failure, congestive heart failure or
stroke.[”>) While these studies point to a possible
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association between aprotinin and serious end-organ
damage, the retrospective analyses may have been
influenced by methodological shortcomings (e.g.
the presence of a higher baseline risk in patients
receiving aprotinin).[659493]

The BART study, a randomized comparison of
aprotinin, tranexamic acid and €-aminocaproic acid
in coronary artery bypass surgery in =3000 patients
at increased risk for blood loss and transfusion, was
planned to evaluate the relative efficacy, safety and
tolerability of these three antifibrinolytics.[® Impor-
tantly, this trial was halted in October 2007 follow-
ing results of a planned periodic analysis that show-
ed an increased incidence of all-cause mortality with
aprotinin versus tranexamic acid or e-aminocaproic
acid.’*71 Ag a result, world-wide marketing of the
drug has been withdrawn until the results of the trial
have been compiled and analysed and the benefit-
risk profile of aprotinin is clarified.l*

1.1.2 Tranexamic Acid

Tranexamic acid, which has been used in surgical
situations since the 1960s, acts by reversibly block-
ing lysine binding sites on plasminogen molecules,
thereby counteracting fibrinolytic activity.!421:981 [t
is available as oral and intravenous formulations:
intravenous tranexamic acid is mainly used during
major surgery, while the oral aqueous formulation
has been used in some situations (e.g. dental sur-
gery).

In clinical trials in patients undergoing cardiac or
major orthopaedic surgery (see table II for outcomes
in larger, well designed studies), tranexamic acid
was effective in reducing total blood loss, the need
for transfusion and the quantity of blood product
transfused. In studies comparing tranexamic acid
and other haemostatic agents, tranexamic acid gen-
erally showed similar efficacy to aprotinin or -
aminocaproic acid. Tranexamic acid also showed
greater efficacy than desmopressin. In a study in
patients undergoing cardiopulmonary bypass sur-
gery reported by Hekmat et al.,**! blood loss was
significantly higher with tranexamic acid than apro-
tinin (by 140mL; p = 0.03); however there was no
significant difference between tranexamic acid and
aprotinin in transfusion requirements. Tranexamic

Drug Safety 2008; 31 (3)
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acid had similar haemostatic effectiveness as apro-
tinin in a propensity score case-control comparison
in patients undergoing high-transfusion-risk cardiac
surgery.3

Several meta-analyses of trials in cardiac sur-
geryl66.7499.1001 or Jiver transplantation”?! and a
Cochrane review of antifibrinolytic agents!’® have
indicated that tranexamic acid is as effective as
aprotinin in decreasing blood loss and the need for
allogenic blood transfusion. Although, another
meta-analysis has suggested that tranexamic acid
may be less effective than aprotinin in reducing
24-hour blood loss,'%! the clinical relevance of this
result is uncertain, as the incremental difference in
blood loss was small and transfusion requirements
did not differ between the two drugs. An update of
the latter analysis added four trials subsequently
published or identified and found no significant
difference between aprotinin and tranexamic acid in
the proportions of patients transfused and the num-
ber of units of red cells transfused.!”®

Tranexamic acid has also been evaluated in other
surgical settings; although it is of little value in some
(e.g. thyroid surgery),!'%?l meta-analyses of trials in
orthopaedic surgery indicate that the drug reduces
the need for allogenic blood transfusion in knee
arthroplasty,'! but data in total hip arthroplasty are
inconclusive.['% Tranexamic acid may be useful in
patients undergoing caesarean section''%! and in sur-
gical patients with underlying bleeding disor-
ders,196197] byt further investigation is required to
confirm results of these studies.

The tolerability profile of tranexamic acid is well
established (see part 21! of this review for discus-
sion of tolerability of tranexamic acid in women
with excessive or heavy menstrual bleeding). Ad-
verse events are uncommon and usually manifest as
gastrointestinal complaints, such as nausea, vomit-
ing, dyspepsia or diarrhoea. Symptoms usually dis-
appear with dose reduction.l'®®! Hypersensitivity re-
actions such as rash occur occasionally,%!1% and
anaphylaxis to tranexamic acid has been report-
ed.'"1 Additional, albeit uncommon (<1%) adverse
events include change in mood, giddiness, low
blood pressure/orthostatic reactions, myalgias,

© 2008 Adis Data Information BV. All rights reserved.

muscle tenderness, skin rash and alteration in colour
vision.['%] While the aetiology of tranexamic acid-
induced changes in colour vision has not been eluci-
dated, it has been speculated that they could re-
present a pharmacodynamic effect on one or more of
the pigments involved in colour differentiation in
the retinal cone cells.[''?! The occurrence of central
venous stasis retinopathy has also been reported
after the use of tranexamic acid.[''3]

Despite a theoretical risk of VTE events, there
have only been isolated reports of venous or arterial
thrombosis or embolism associated with the use of
tranexamic acid®!141191 and a causal relationship
has not been established.l'?%120:1211 VTE was not
reported or suspected during the 8-week follow-up
period in >3000 women aged 30-54 years who were
treated with intravenous then oral tranexamic acid
after laser conisation of the cervix for mild to severe
dysplasia or carcinoma in situ.['??1 Of interest, trane-
xamic acid did not compromise early venous graft
patency in a recent study in patients undergoing
coronary artery bypass graft surgery.[*®!

1.1.3 Nafamostat

Nafamostat is a broad-spectrum serine protease
inhibitor with a mechanism of action similar to that
of aprotinin.'¥ Most clinical experience with
nafamostat has been in Japan. Although the addition
of nafamostat to usual treatment significantly inhib-
its fibrinolysis and reduces blood loss compared
with usual treatment alone in open heart sur-
geryl!Z3-1261 or hepatic resection,!?”! its antifibri-
nolytic effect is not as great as that of aprotinin.[!?8]

1.1.4 e-Aminocaproic Acid

€-Aminocaproic acid is also a lysine analogue
and has a similar mechanism of action to tranexamic
acid but is about 7- to 10-fold less potent, thus
requiring dose adjustment.321 The largest clinical
experience with this agent has been in patients un-
dergoing cardiac surgery and orthotopic liver trans-
plantation (see table II for outcomes in larger, well
designed studies).

In clinical trials in patients undergoing cardiac
surgery, e-aminocaproic acid was effective in reduc-
ing post-operative blood loss, being as effective as
aprotinin according to an earlier meta-analysis!!?!

Drug Safety 2008; 31 (3)
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and a Cochrane review,!”®! but less effective than
aprotinin according to later meta-analyses,!'00101]
although transfusion requirements with either drug
did not differ.['°"1 e-Aminocaproic acid showed no
benefit over placebo in cancer patients undergoing
major orthopaedic surgery. "% The efficacy of the
drug in orthotopic liver transplantation has not been
proven in randomized, controlled trials.['6!

e-Aminocaproic acid is generally well tolerated.
However, adverse events appear to be more frequent
than with tranexamic acid,’®” and include gastroin-
testinal reactions, oedema, headache, bradycardia
and hypotension.['3 It is possible that the higher
doses of € -aminocaproic acid required to achieve a
clinical benefit similar to that of tranexamic acid are
associated with a higher incidence of gastrointesti-
nal discomfort.3?!

There have been a few reports of myopathies,
including rhabdomyolysis (the breakdown of
muscle fibres resulting in the release of muscle cell
components into the circulation), with €-amino-
caproic acid, some of which were associated with
severe muscle weakness.['3!] Rhabdomyolysis may
be toxic to the kidney, and can result in severe renal
dysfunction and even death. It is therefore important
to be able to recognize the signs and symptoms of
drug-induced rhabdomyolysis to ensure prompt in-
tervention and treatment.

There have been isolated instances of thrombosis
associated with g-aminocaproic acid,!'32-13%) includ-
ing two fatal cases following use of the drug in
patients undergoing aortic surgery,'33! a nonfatal
case in a patient undergoing cardiac surgery!'3# and
nonfatal cerebral sinus thrombosis in a woman un-
dergoing treatment for heavy menstrual bleed-
ing.!'32l" Pulmonary embolism and intracardiac
thrombus formation have been described in €-ami-
nocaproic acid recipients undergoing orthotopic liv-
er transplantation.!%!

1.2 Procoagulants

Procoagulant drugs include the synthetic vaso-
pressin analogue desmopressin (1-desamino-8-D-
arginine vasopressin; DDAVP) and eptacog alpha
(recombinant factor VIIa; Novoseven®).[!3] These
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drugs have been mainly used to prevent excessive or
heavy bleeding during surgery or to manage spon-
taneous bleeding episodes in patients with pre-ex-
isting bleeding disorders, but have also been evalu-
ated in a variety of settings in patients without
coagulation defects, including major surgery. '3

1.2.1 Desmopressin

Desmopressin, a vasopressin V2 agonist, acts by
causing a rapid, dose-dependent increase in plasma
levels of factor VIII and von Willebrand factor in
both patients with pre-existing haemostatic disor-
ders, uraemia or drug-induced platelet dysfunction
and in normal individuals.>'3321 Desmopressin also
appears to improve platelet aggregation, 9! as ob-
served in patients with platelet dysfunction.!'3” Tis-
sue plasminogen activator (tPA) activity is also in-
creased after intravenous administration of
desmopressin, but has not been associated with clin-
ically significant fibrinolysis.!3!

It has principally been used in patients with pre-
existing haemostatic disorders such as haemophilia
A and von Willebrand’s disease to decrease bleed-
ing times and blood loss during surgical procedures,
but it has also been studied in the setting of post-
operative blood loss with the aim of reducing trans-
fusion requirements in patients undergoing cardiac
surgery.[>1369821 Qutcomes in larger, well designed
studies are shown in table II.

Adverse effects of desmopressin include mild
facial flushing, headache, palpitations, and hypoten-
sion;!3¥! these are due to its vasomotor effects.
Because of its potent antidiuretic effect, water reten-
tion and hyponatraemia may occur.!'3%!*11' Abdomi-
nal cramping has also been reported. Since
desmopressin can raise baseline levels of factor VIII
and von Willebrand factor >300%,1138:142.1431 apd
because there is an association between elevated
factor VIII and thrombosis,'*#! there has been con-
cern about the widespread use of desmopressin lead-
ing to the development of VTE.['*] There has also
been several reports of acute myocardial infarction
or cerebral thrombosis 231461 or thrombotic events
in patients predisposed to thrombus formation!'3#!
associated with desmopressin use. Consequently,
desmopressin should be used with caution in pa-
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tients with coronary heart disease and in those with
coexisting genetic prothrombotic conditions, such
as Factor V Leiden or antiphospholipid antibodies,
and/or co-existing acquired prothrombotic condi-
tions, including the postoperative setting, hormone
use and smoking.[®13:147] A recent example is a case
of a cerebral arterial thrombosis in a female smoker
with mild von Willebrand disease who was also
taking a combined estrogen/progestogen oral con-
traceptive (COC) and who was administered
desmopressin to ensure haemostasis during minor
plastic surgery.[148]

1.2.2 Eptacog Alfa (Recombinant Factor Vila)

Eptacog alfa is a vitamin K-dependent glycopro-
tein structurally similar to human plasma-derived
factor VIla. It acts by enhancing the natural coagula-
tion pathway by two different mechanisms, one
tissue factor (TF)-dependent, the other TF-indepen-
dent.[13.149-151]

Eptacog alfa is used with high rates of efficacy in
the management of bleeding episodes and providing
haemostasis cover during surgery in patients with
congenital haemophilia complicated by inhibi-
tion.['>?) There have been numerous reports of its
ability to correct prolonged INRs (international nor-
malized ratios) and avert or reverse bleeding in
patients with warfarin-induced coagulopathy.[133154]
Although eptacog alfa is only indicated for use in
patients with underlying haemostatic abnormalities,
more recently it has been successfully used off label
as a haemostatic agent in trauma and surgery pa-
tients, and in those with intracranial haemorrhage
without pre-existing coagulopathy.[149:152.155-158] Ap
observational study®! and a small randomized, pla-
cebo-controlled trial®! suggest that blood loss and
transfusion/blood product requirements are reduced
with administration of eptacog alfa in patients un-
dergoing cardiac surgery. However, in three ran-
domized trials in patients undergoing orthotopic liv-
er transplantation!'>%1%9 or liver resection,!6! effi-
cacy was not shown with prophylactic use of
eptacog alfa.l'6?]

Eptacog alfa is generally well tolerated, being
relatively free of antigenicity, thrombogenicity and
viral transmission.['*”] Serious adverse events asso-
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ciated with its use (in =1% of patients) have includ-
ed thrombotic events (mainly in patients with
predisposing factors such as diabetes mellitus, obes-
ity and cancer), angina, tachycardia, ataxia, acute
renal failure, anaphylactic shock and abnormal liver
function.'4%1521631 With regard to thrombogenicity,
a safety review of 13 clinical trials of eptacog alfa in
a variety of indications concluded that there were no
significant differences in the incidence of thrombot-
ic adverse events between placebo or eptacog alfa
treatment on a trial-by-trial basis or when data were
combined."®* In addition, a recent review by
O’Connell et al.'’% of serious thrombotic events
reported to the FDA’s adverse event reporting sys-
tem revealed that most events that followed the use
of eptacog alfa were for off-label indications. The
authors proposed that randomized controlled trials
are required to establish the efficacy and safety of
eptacog alfa in patients without haemophilia.l'>% As
might be expected, the presence of additional pro-
thrombotic factors appears to magnify the risk of
thrombosis when administered in patients without a
pre-existing coagulopathy. [130]

2. Other Agents

2.1 Etamsylate

Etamsylate (ethamsylate) is a synthetic haemos-
tatic agent that acts by increasing platelet adhesive-
ness and restoration of capillary resistance.'® It has
been used to reduce capillary bleeding in ear, nose
and throat surgery, after prostatectomy, and has also
been evaluated for its potential to prevent periven-
tricular haemorrhage in preterm infants.['4166:167] [
addition, its use in preterm infants to prevent per-
iventricular haemorrhage has not resulted in im-
provement of the long-term neurological or
neurodevelopmental outcome.'*1%) Etamsylate is
well tolerated, with few patients reporting adverse
events (mostly nausea, headache and rashes).[416%)

2.2 Conjugated Estrogens

Conjugated estrogens, which can be administered
intravenously, have a variety of effects on the
haemostatic system, although their precise mode of
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Table lll. Safety profiles of the most frequently used systemic haemostatic agents used in major surgery

Agent Adverse effect?

thrombosis  nephrotoxicity gastrointestinal  hypersensitivity ~ other

tract reactions

Aprotinin - + - +++ Probable increased all-cause mortality
Tranexamic acid - - + + Retinopathy (rarely)
e-Aminocaproic acid - - +++ - Rhabdomyolysis (rarely)
Desmopressin +b - - - Hyponatremia; vasomotor effects
Eptacog alfa (recombinant +++ + + +
factor Vlla)

a Frequency of adverse effects is shown as — indicates none; + indicates low; ++ indicates medium; +++ indicates high.

b  Arterial thrombosis in at-risk patients.

action in achieving haemostasis is unknown. Few
clinical trials have been conducted to determine the
efficacy of conjugated estrogens in reducing blood
loss, but shortening of bleeding times in patients
with uraemia,'®® management of gastrointestinal
bleeding in uraemic patients,['**17% and reduction of
blood transfusion requirements in patients undergo-
ing orthotopic liver transplantation'”!! have been
reported.

In general, conjugated estrogens are well tolerat-
ed and few adverse effects have been reported.['?!
However, the thrombotic profile of these agents,
which is similar to that seen with COCs (see part 20!
of this review), is of concern.!'3172!

3. Conclusion

Selection of the most appropriate haemostatic
pharmacological agents in patients undergoing ma-
jor surgical procedures requires not only considera-
tion of the clinical evidence supporting the efficacy
of the various agents, but also the available safety
data to ensure that the benefits of this approach are
not jeopardized by the risks (see table III for a
summary of the safety profiles of the most common-
ly used systemic haemostatic agents). The procoag-
ulant agents, desmopressin and recombinant factor
Vlla, are effective in reducing bleeding in patients
with pre-existing haemostatic disorders. Eptacog al-
pha is also effective in reducing blood loss after
trauma and surgery in patients without congenital
bleeding disorders and is increasingly being used in
these settings. Nevertheless, the safety of this agent
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in off-label indications (especially the risk of throm-
bosis) has not been established.

Aprotinin and the lysine analogues tranexamic
acid and e-aminocaproic acid are effective haemos-
tatic agents used to prevent major blood loss during
surgery. However, recent data indicating that apro-
tinin use is associated with renal dysfunction, cou-
pled with the decision to halt the BART trial because
of increased all-cause mortality with aprotinin rela-
tive to tranexamic acid and €-aminocaproic acid and
the subsequent decision to withdraw the drug pend-
ing further analysis of the BART study, indicate an
uncertain future for aprotinin.

Part 2 of this reviewl! considers the efficacy and
adverse effect profiles of systemic haemostatic
agents commonly used to manage excessive or
heavy menstrual bleeding and provide individual
benefit-risk profiles that may assist clinicians in
selecting appropriate pharmacological therapy in
this setting.
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