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Fibrinolytic Inhibitors in the Management
of Bleeding Disorders
Lilian Tengborn

Introduction

When tissue is damaged, vessels can rupture,
immediately triggering the hemostatic mechanism:
vessels contract, platelet plugs form, and coagulation
starts, resulting in a stable fibrin network. At the
same time, the fibrinolytic system is activated.
Fibrinolysis is the physiological mechanism that
dissolves clots, keeps the vessels patent, and starts
remoulding the damaged tissue.

Reduction of fibrinolytic activity with fibrinolytic
inhibitors is important in surgery and trauma to
control blood loss. Treatment with fibrinolytic
inhibitors is even more strongly indicated for
patients with bleeding disorders to counterbalance
the decreased procoagulant state. The bleeding
disorders discussed in this monograph are mainly
congenital (e.g., von Willebrand disease [VWD],
hemophilia A and B, and platelet dysfunctions).

The usefulness of fibrinolytic inhibitors is based on
laboratory investigations demonstrating increased
fibrinolytic activity in plasma, mucosa, and certain
tissues; and on controlled randomized studies
showing a positive effect of fibrinolytic inhibitors.
Most of these studies have been carried out in
patients without bleeding disorders. Patients with
documented bleeding disorders are relatively rare.
As a result, studies in these patients are often obser-
vational, retrospective, and rather limited in number.

Treatment with fibrinolytic inhibitors started several
decades ago and the same substances are still used
today. These include the naturally occurring
aprotinin; the synthetic derivative of the amino acid
lysine, epsilon-aminocaproic acid (EACA); and the
more potent TA (AMCA). This monograph focuses
on TA, which is more potent than EACA.
(Tranexamic acid is hereafter abbreviated TA, though
sometimes AMCA is used in the literature.)
Aprotinin is only briefly discussed since it is not
principally used in patients with bleeding disorders,
at least not systemically.

The fibrinolytic system

Activation of the fibrinolytic system

The key reaction is the activation of the proenzyme
plasminogen to the serine protease plasmin.
Plasminogen binds via its lysine-binding sites (LBS)
in the so-called kringle structures to specific lysines
in the fibrin molecules [1]. The most important
physiological activator of plasminogen is the tissue-
type plasminogen activator (tPA), which has a specific
affinity to fibrin. Expressed in the endothelial cells
of the vessel walls, tPA is released after injury and
binds to fibrin via LBS [2]. When bound to fibrin it
is almost fully active [3]. This co-localization of
plasminogen and tPA further facilitates fibrinolysis
at the site of the fibrin clot (Figure 1). Urokinase
(uPA) is another plasminogen activator, present in
high concentrations in urine.

Inhibitors in the fibrinolytic system

The plasminogen activator inhibitors are PAI-1,
which is synthesized in endothelial cells, adipocytes,
and the liver; PAI-2, which is synthesized in placenta,
monocytes, and macrophages; and PAI-3, which is
identical to the protein C inhibitor and protease
nexin [4]. The latter two are probably of minor
importance in fibrinolysis. Deficiency of PAI-1 is a
rarely diagnosed variant with increased bleeding
tendency. The physiologically important inhibitor

of plasmin is the liver-synthesized antiplasmin.
Antiplasmin binds to LBS in plasmin but when
plasmin is adsorbed to fibrin this binding is slow,
thereby keeping the fibrinolytic process ongoing and
localized [5]. On the other hand, if massive fibrinolysis
is taking place, free plasmin will be available in
circulation and it will immediately be inactivated by
antiplasmin.

The pharmaceutical fibrinolytic inhibitors

The lysine derivatives EACA and TA are bound to
the LBS (Figure 1) in a reversible manner, thereby
reducing plasminogen’s affinity for binding to fibrin.
This reduces the activation of plasminogen to
plasmin. Thus, the lysine derivatives interfere with
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binding to the LBS. Aprotinin, for its part, inacti-
vates free plasmin. Both aprotinin and lysine ana-
logues reduce fibrinolysis but use different mecha-
nisms.

Aprotinin

Aprotinin is a naturally occurring serine protease
inhibitor extracted from bovine lung tissue. It is
a polypeptide consisting of 58 amino acids with a
molecular weight of approximately 6,500 daltons
(Da). The drug binds directly to plasmin as well
as other serine proteases. Its half-life is five to ten
hours and it is excreted in the urine.

The fibrinolytic system

Side effects: Aprotinin has few side effects but may
occasionally cause allergic/anaphylactic reactions
[6]. Anaphylactic reactions have been reported 5%
of the time if treatment is repeated within six
months.

Clinical use: Route of administration is limited to
intravenous injections since the drug is destroyed by
oral intake. Nowadays, it is mostly used in extensive
cardiac surgery and liver transplantation and,
therefore, it will not be discussed further in this
monograph. It should be mentioned, however, that
aprotinin is used in fibrin glues.

ACTIVATION
tPA
Plasminogen
Lysine
binding site
Fibrin
tPA

Plasmin

L

Fibrin degradation ; Fibrin degradation
products products

INHIBITION
tPA
Plasminogen
|Tranexamic
acid
Fibrin
tPA

Plasmin

The figure was reproduced with the kind permission of Christopher Dunn.

Figure 1. On the left, binding of plasminogen to fibrin occurs at a lysine-binding site. Plasminogen is converted to
plasmin in the presence of tissue plasminogen activator. On the right, TA forms a reversible complex with plasminogen.
Even though plasminogen is still converted to plasmin by tPA, the plasmin-TA complex is unable to bind to and digest

fibrin. The mechanism of action is the same for EACA.
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EACA and TA

In 1953, epsilon-aminocaproic acid (EACA), a
synthetic derivative of the amino acid lysine,

was shown to have a strong effect on inhibiting
plasminogen. In the mid 1960s a similar agent,
trans-4-(aminomethyl) cyclohexanecarboxylic acid,
was found to be about 10 times more effective and
has also turned out to be better tolerated than
EACA [7].

EACA is a synthetic amino acid with a molecular
weight of 131 Da. After a single oral dose of 5 g
the peak plasma concentration is reached within
1.2 hours. It distributes throughout extra- and
intravascular compartments and is excreted in the
urine with a terminal elimination half-life of
approximately two hours.

TA is a synthetic amino acid with a molecular
weight of 157 Da. Pharmacokinetic studies in
healthy individuals have shown that after intra-
venous administration of 10 mg per kg body weight
(BW), the highest plasma concentration was reached
within one hour after injection [8,9]. After the first
hour, 30% of the given dosage was excreted in the
urine and after 24 hours, 90% was excreted. After oral
doses of 10 to 15 mg per kg BW, the maximum
plasma concentration was reached within three
hours [10]. Food has no influence on gastrointestinal
absorption [11]. The biological half-life has been
reported to be 80 minutes [6]. TA accumulates in
tissues [9]. It passes through the placenta to the fetus
[12] and it is present in breast milk —but in concentra-
tions 100 times lower than in serum [10]. Moreover,
TA rapidly diffuses to the joint fluid and synovial
membrane [13]. In toxicological studies, no terato-
genic effects were revealed [7].

Administration and dosage: EACA infusion of 4-5 g
(16-20 mL) in 250 mL is administered during the
first hour, followed by a continuous infusion of

1 g per hour in 50 mL of diluent until the bleeding
situation has been controlled. Orally, 5 g, 10 tablets,
or 20 mL syrup (25%) is administered during the first
hour, followed by 1 g per hour until the bleeding
situation has been controlled. These recommended
dosages are for adults.

TA may be administered intravenously, orally, or top-
ically. The intravenous dosage is generally 10 mg per
kg BW, three to four times daily. Orally the dosage is

15 to 20 mg per kg BW, three to four times daily. For
surgery, the first dose is given immediately before
starting. However, if the first dose is administered
orally, it should be given two hours before the
procedure. If TA is topically administered as a
mouthwash, 10 mL of a 5% aqueous solution is
used, which is equal to 0.5 g if swallowed. TA is
also a constituent in some types of fibrin glue.

Because TA is excreted via the kidneys, the dosage
intervals should be prolonged in patients with renal
insufficiency. In severe renal insufficiency, the doses
should also be reduced. In macroscopic hematuria
with its origin in the kidneys, TA should not be
administered because of the risk that clots will be
retained in the ureters and bladder.

Tolerability and side effects: EACA is generally well
tolerated. Gastrointestinal (GI) side effects, such as
nausea and vomiting, may occur as well as dizziness
and hypotension.

TA is also generally well tolerated. The most
commonly reported adverse events are GL. In a
double-blind study, the total incidence of nausea,
vomiting, diarrhea, and abdominal pain was 12 %
in those who received 1 g of TA four times daily for
four days [14]. Rapid intravenous injection may
cause dizziness and hypotension; therefore, it is
recommended that TA not be administered faster
than 100 mg per minute.

Occasionally, cases of thrombosis (cerebral thrombosis,
arterial thrombosis, coronary graft occlusion) have
been reported during treatment with TA, as have
cases of acute renal failure [15]. However, it is
uncertain that TA was the causative agent. In Japan
and most of the EU, caution and supervision is
recommended when administering TA to patients
with a history of thromboembolism. In the U.K,,

TA is contraindicated in these patients [16].
However, the thrombotic disorder is multifactorial and
may well occur in patients not on TA. Moreover, several
randomized studies in patients undergoing cardiac sur-
gery with coronary artery bypass grafting, as well as
studies in patients undergoing total knee and hip arthro-
plasty, have shown no excess incidence of thrombotic
events in patients receiving TA [15,17]. No thrombo-
genic effect from TA was detected in a reitrospec-
tive analysis of case records of 256 women with
bleeding disorders in pregnancy, 168 of whom
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underwent Caesarean section [18]. Since the early
1970s, TA has been widely used in Sweden as a
first-line treatment for menorrhagia. In 238,000
patient-years of treatment, there has been no report-
ed increase in the incidence of thromboembolic
events [19]. As mentioned above, TA is widely used
in Europe as well as in Canada but tablets are cur-
rently not licensed in the U.S., where TA is only
available for intravenous injections.

Contraindications: EACA and TA are contrain-
dicated in patients with renal bleeding and those
being treated with the anti-inhibitor coagulant
complex FEIBA. Repeated injections of EACA or
TA to treat bleeding during the acute phase of
disseminated intravascular consumption are also
contraindicated.

Clinical use

Gynecology

Menorrhagia: Excessive menstrual bleeding or
menorrhagia is a common condition in women.

By definition, menorrhagia is a menstrual blood
loss of at least 80 mL per cycle. The alkali hematin
method described by Hallberg and Nilsson is an
accurate procedure for determining blood loss [20].
In later studies, this method has been replaced by
the simpler pictorial bleeding assessment chart [21].

The rationale for treating idiopathic menorrhagia
with fibrinolytic inhibitors is that these women
have higher plasminogen activator content in their
endometrium on the first day of their periods than
women who have normal blood loss [22]. Several
controlled clinical trials have shown that TA taken
during menstruation reduced blood loss by 34-59%
compared with placebo or controls [23-28].

Heavy menstrual bleeding from menarche is an
extremely common symptom in women with bleed-
ing disorders such as VWD, platelet dysfunction,
factor VII, X, and XI deficiencies, and in those
carrying hemophilia A or B, according to Winikoff
et al. [29]. The reported prevalence of VWD in
women with menorrhagia is currently estimated to
be from 5 to 20 % [30]. Menorrhagia is one of the
most common bleeding manifestations of VWD,
reported by 60 to 95 % of women with this bleeding
disorder [30]. The heavy menstrual bleeds, as

expected, have a negative impact on women'’s day-
to-day activities, as documented by Kirtava et al. in
their interview study of women with VWD [31].

For patients with VWD and menorrhagia, there
are no studies comparing the relative efficacy and
safety of the available medical therapies. However,
Demers et al. developed a consensus document on
the management of inherited bleeding disorders,
notably VWD, for the Society of Obstetricians and
Gynecologists of Canada [32]. It was based on a
Medline search of English literature on the subject
published between 1975 and 2003 and recommen-
dations from other guidelines. The review found
that “an inherited bleeding disorder is not a
contraindication to hormonal therapy... and
non-hormonal therapies (antifibrinolytic drug TA
as well as desmopressin). These therapies represent
first-line treatment.”

Among women with abnormal menstrual bleeding,
20 to 30 % have impaired platelet function and fibri-
nolysis disorders that may be an additional cause of
menorrhagia, as suggested in a review by Kouides
[33]. In all these cases TA seems to be an appropri-
ate approach for reducing blood loss based on the
above-mentioned findings.

The recommended oral dose of TA is approximately
15 mg per kg BW every six to eight hours, generally
1 to 1.5 g three times daily from the onset of bleed-
ing until it is arrested. In a few patients with VWD
the total daily dose of 3 or 4 g was taken as a single
dose. This high-dose regimen has been well tolerated;
it is convenient and efficient in controlling the
menorrhagia [34-36]. There are no reported serious
side effects of TA, other than occasional mild GI
disturbances. Subjects are encouraged to adjust

the dose upward or downward themselves to find
their own optimal regimen.

TA in menorrhagia for women with
bleeding disorders

Oral TA: 15-20 mg per kg BW three to four times
daily from the start of the menstrual period until it
is arrested. The dose is increased if there is insuffi-
cient effect, or decreased if bowel-related side
effects are inconvenient.
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Pregnancy: Only rarely do women with congenital
bleeding disorders have bleeding problems during
normal pregnancies as a result of their bleeding
abnormality. Even in women with a severe bleeding
disease such as VWD type 3, pregnancies are
generally uneventful [37]. However, in one follow-
up study a higher incidence of vaginal bleedings
was noticed in pregnant women with VWD and
factor XI deficiency than in women with normal
hemostasis, even though the miscarriage rate was
not higher [38]. Although there is no evidence of
teratogenicity or other side effects, either on the
fetus or in the mother [18], the expeprts on C1
inhibitor deficiency recommend avoiding TA dur-
ing pregnancy if possible [39].

Parturition: Appropriate delivery of care to women
who suffer from hemostatic disorders should take
place in collaboration with hemophilia treatment
centres. Treatment at vaginal or Caesarean delivery
should be tailored to the individual patient and
include fibrinolytic inhibitors. While increased
bleeding after parturition may be due to a variety

of causes, it is clear that a high level of fibrinolytic
activity is present. When the placenta separates,
there is an abrupt loss of the plasminogen activator
inhibitor PAI-2 and the uterus is extremely rich in
plasminogen activators. In patients with VWD, von
Willebrand factor (VWF) declines postpartum within
a few weeks, as do factors VIII and IX in carriers of
hemophilia A and B. This increases the risk of post-
partum hemorrhage, according to Kadir and Aledort
[40]. In women with VWD type 3 (the severe type),
increased bleeding was observed when the affected
women were treated with factor concentrate for less
than three to four days after parturitions [37]. In
these women, adjuvant therapy with TA may be of
value. Rarely is acquired hemophilia developed
post partum. In such cases TA may be used as a
supplement to diminish bleedings with one important
exception: if the patient is treated with activated
prothrombin complex concentrates (APCC) such as
FEIBA, TA is often considered to be contraindicated
because of the risk of developing thrombotic compli-
cations. At the very least, it should be used with
extreme caution [41].

Breastfeeding is considered safe since the concen-
tration of TA is 100 times lower in breast milk than in
serum [10].

Gynecological surgery: The cervical tissue, like
uterine tissue, contains high levels of plasminogen
activator, which explains the positive effect of TA
in studies on conization [42,43]. Similarly, antifibri-
nolytic agents may be of importance in procedures
like curettage and hysterectomy. This is the basis
for TA/EACA treatment in patients with bleeding
disorders undergoing gynecological surgery.

Bleedings in the gastrointestinal tract

The high local activity of fibrinolytic enzymes in

the upper GI tract forms the basis of the rationale
for antifibrinolytic treatment in GI bleedings, as
demonstrated by Cox et al. [44]. Meta-analysis of six
randomized, double-blind placebo-controlled studies
showed that TA was associated with a 20 to 30 %
reduction in the rate of rebleeding compared with
no treatment, a 30 to 40 % reduction in the need for
surgery, and a 40 % reduction in mortality [45].

Angiodysplasia in the gut can be another source of
bleeding. Up to six per cent of patients with VWD
are reported to have this disorder [46,47], which
may indicate that the VWD unmasks the vessel
abnormality. In treatment of these conditions —with
or without VWD —TA may be a supportive agent.

TA to patients with bleeding disorders when
bleeding from upper gastrointestinal tract

TA: 10 mg per kg BW three to six times daily intra-
venously. For erosive gastritis, 10 mg per kg BW
three to four times daily is added into the nasogas-
tric tube until the bleeding is arrested.

Bleedings in nose and mouth

The cause of nosebleeds is probably multifactorial. The
fibrinolytic activity was extensively studied by
Petruson in patients with recurrent long-standing epis-
taxis, as well as in controls [48]. The spontaneous fibri-
nolytic activity in plasma was significantly higher
when the patients bled, compared with some weeks
later in a non-bleeding state. Likewise, the fibrinolytic
activity in the nasal mucosa was significantly higher
when the patients bled than one month later. A dou-
ble-blind randomized study using 1 g of TA three
times daily for 10 days showed that the severity, recur-
rence of bleeds, and number of days of hospitalization
were significantly decreased for patients on TA.
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Nose bleeding is very common in children and,
most often, no specific cause is identified. However,
bleeding disorders such as VWD, platelet dysfunc-
tion, and, more seldom, hemophilia may be present.
In one study, one-third of children with recurrent
epistaxis had a diagnosable coagulopathy [49].
Studies suggest that five to 10 % of children with
recurrent nosebleeds may have mild, previously
undiagnosed VWD [50,51]. There are two studies
on antifibrinolytic agents applied topically for
nosebleeds: one on EACA [52] and one on TA [53].
TA appeared to have no better effect than placebo.
However, the trials seem to be too small for
drawing any conclusions. Fibrin glue containing
aprotinin has also been studied [54].

Oral or topical TA is recommended in patients with
VWD, either alone or together with desmopressin
(DDAVP) or VWF concentrate, for treatment of
bleeds in the nose and oral cavity, according to
guidelines from the U.K. Haemophilia Centre
Doctor’s Organization [55]. TA is also indicated in
patients with other bleeding disorders. Bleeds from
the oral cavity, such as frenulum tears and bites in
the lips and cheeks, are often seen in young children
and may be controlled by oral or topical TA.
Jiménez-Yuste et al. advocate the use of TA alone
or as a supplement to DDAVP or VWF concentrate
for patients with VWD undergoing otolaryngologic
surgery [56].

TA in nosebleeds to patients with
bleeding disorders

A big piece of cotton wool is formed to put in the
nostril. One end is dipped in oil or Vaseline mixed
with a crushed TA tablet. The nose should be blown
before the cotton wool is put in the nostril. TA may
also be taken orally.

Dental surgery

As early as the 1960s, Bjorlin started studying fibrino-
lysis in the oral cavity [57]. He considered the local
fibrinolysis in the alveoli the probable cause of
bleeding after dental extraction. There are several
studies on treatment with fibrinolytic inhibitors in
patients with hemophilia and VWD who had dental
extractions or oral surgery. The majority are descrip-
tive analyses in which antifibrinolytic agents are

recommended alone or in combination with coagu-
lation factor concentrates or DDAVP [58-63]. In
some of the trials, a limited number of patients were
randomized. Forbes et al. showed that in patients
with hemophilia, treatment for five days with1 g
of TA three times daily starting two hours before
surgery was associated with significantly less
post-operative bleeding than in a placebo group
[64]. Factor VIII or IX concentrate was given prior
to surgery to achieve the same levels in the two
groups. Ramstrom and Blombéck showed that
factor concentrate requirement and days spent in
hospital could be decreased if TA and antibiotics
were included in the regimen [65].

The beneficial effect of local application of EACA as
mouthwash was first demonstrated by Berry et al.
[66]. Sindet-Pedersen advocated the addition of TA
mouthwashes because, after systemic administration,
TA was not detectable in saliva in healthy volunteers
who had received 1 g orally as a single dose [67].
The maximum level in plasma was reached after
approximately 120 minutes. On the other hand,
after rinsing the mouth with 10 mL of a 5% aqueous
solution for two minutes, a high concentration was
achieved in the saliva, while TA was undetectable
in plasma. A therapeutic concentration of TA
remained in saliva for more than two hours. Patients
with mild hemophilia with a factor level of at least
10 % who received TA systemically and locally (10
mL of 5% solution for two minutes four times daily)
at dental surgery developed no bleeding complica-
tions even though they did not receive replacement
therapy [68].

Waly showed that children with hemophilia who
received replacement products prior to dental
extraction plus TA mouthwash as a supplement

to systemic therapy developed less post-extraction
bleeding than those who did not receive TA as a
local treatment [69]. In their retrospective analysis
of 63 patients with VWD who had dental extraction
or periodontal surgery, Federici et al. reported that
with combined TA systemically, mouthwash, and
irrigation at surgery, as well as fibrin glue in more
extensive surgery, the need for VWF concentrate
could be considerably reduced [61]. Based on their
experiences with patients with hemophilia, Zanon
et al. proposed a protocol for dental extraction with
20 mg of TA per kg BW and a single infusion of fac-
tor VIII or IX to achieve a peak level of about 30%
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of normal factor VIII or IX prior to extraction [70].
Twenty milligrams of TA per kg BW was adminis-
tered orally 8 and 16 hours later, then three times
daily for the next seven days. Additionally, gauze
saturated with TA was kept in place for 30 to

60 minutes after extraction.

In the protocol used by Piot et al., factor concentrate
was administered to achieve a level of 50% of nor-
mal before and 24 hours after extraction (also after
12 hours in severe hemophilia A and VWD), along
with TA systemically and locally as mouth rinse
[71]. Rakocz et al. found that “home-made” fibrin
glue with a high concentration of 10,000 Kallikrein
Inhibitor Unit (KIU) of aprotinin per mL (compared
with commercially available glue, generally 1,000
KIU per mL) plus “swish and swallow” rinses of TA
without preventive replacement therapy was safe
and cost-effective in dental extractions in patients
with bleeding disorders [72]. In a placebo-controlled
study, Lee et al. showed that TA mouthwash alone
was as effective in controlling gingival bleeding

TA in dental surgery or tooth extractions in
patients with bleeding disorders

For dental surgery, local anesthetics with adrenaline
are recommended for contraction of the vessel walls.

Oral TA: 15-20 mg per kg BW is given two hours
before surgery/extraction, and then repeated three
times daily for 8-10 days. Mouth rinsing with 10 mL
of a 5% solution of TA for two minutes four times
daily for two days may be used.

e After removal of the tooth and roots, collagen-like
TissueFleece® is introduced in the sockets and
careful suturing is done.

* Fibrin glue may be applied over the sutured area.

* Local compression with biting on a compress
soaked in a TA solution for 60 minutes.

* Cold soft food for a couple of days.
A single infusion of FVIII or IX concentrate to

achieve a peak level of 30- 50% of normal is given
to patients with a basal level below 10-15%.

after dental scaling as using factor replacement
beforehand in patients with hemophilia [73].

To sum up, a variety of regimens are reported in
patients with hemophilia and VWD undergoing
dental surgery but fibrinolytic agents are obviously
the first line of treatment, alone or in combination
with replacement products or DDAVP. This is
already the routine according to surveyed physicians
at the Hemophilia Research Society of North
America [74]. Similar protocols are described by
Stubbs and Lloyd in the Australian Dental Journal
[75] and the guidelines from the U.K. mentioned
above [55]. With a careful surgical procedure by an
experienced dental team using available hemostatic
materials such as TA and fibrin glue, factor concen-
trate replacement can be highly reduced. As pointed
out by Schulman it is not known what minimum
factor level provides a sufficient hemostatic effect in
various types of interventions [76]. With its standard-
ized procedures oral surgery is, obviously, a field
where prospective studies are warranted.

Major surgery

Orthopedic surgery: Randomized placebo-controlled
studies in patients without bleeding disorders
undergoing total knee replacement have shown
that administering 10 to 15 mg of TA per kg BW
prior to tourniquet deflation, with or without addi-
tional doses on the day of surgery, reduced total
blood loss by approximately 50 % and significantly
reduced the need for blood transfusion [77-79].
Meta-analysis of nine randomized controlled stud-
ies in patients undergoing total knee replacement
showed that TA significantly reduced the propor-
tion of patients requiring blood transfusion [80].
Prospective randomized controlled studies in total
hip replacement [81,82] showed that a single dose of
TA (10 to 15 mg per kg BW) given immediately
before surgery reduced the total blood loss by about
25 % in the TA groups, compared with the placebo
groups. Such positive effects of TA in primary total
hip replacement were also demonstrated in meta-
analysis [83].

To the author’s knowledge, no randomized controlled
studies on the use of fibrinolytic inhibitors in major
surgery have been performed on patients with
bleeding disorders. Lofqvist et al published a retros-
pective case series of 11 patients with hemophilia
(eight severe, one moderate, two mild) undergoing
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hip replacement [84]. (One patient was excluded
because he had bilateral arthroplasty in the same
operation.) In addition to factor replacement, the
patients were also given TA at six- to eight-hour
intervals for seven days. The total bleeding was
calculated to be 740 + 400 mL, which is almost
exactly the same as in the patients on TA in the
randomized control trial for patients without
hemophilia undergoing total hip replacement from
the same department at the same period of time [81].

Continuous infusion of factor concentrates is often
given to patients with bleeding disorders during
major surgery like arthroplasty. There is evidence,
albeit scientifically weak, that with continuous
infusion less factor concentrate is required compared
with intermittent bolus injections [76]. It is important
to use antifibrinolytic agents simultaneously. Thus,
in two consecutive series of patients with hemo-
philia B treated with the same factor concentrate

in continuous infusion using essentially the same
protocol for major surgery — the first one with and
the second without TA —the mean blood loss was
379 and 625 mL respectively [85,76]. In a series of
27 patients undergoing total knee replacement
and/or total hip replacement, Schulman et al. [86]
stressed the possibility of reducing the amount of
the expensive factor concentrate administered if
continuous infusion were used in combination with
local hemostatic and antifibrinolytic agents and
could be done without any serious bleeding compli-
cations. It should also be mentioned that fibrin

glue could be prepared in developing countries
inexpensively [87].

Hemophilia patients with inhibitors are a particularly
challenging group of patients. As previously
mentioned, the minimum effective levels to reach
hemostasis are yet to be proven. That makes the
experiences published by Ghosh et al. of great interest
[88]. He reported on 10 patients with hemophilia
and high inhibitor titre. Ghosh and colleagues
managed hemostasis in their patients with minimal
amounts of APCC using topical, oral, and/or intra-
venous EACA. Two of their patients received FEIBA
25-70-140 U per kg BW daily together with EACA.
If a higher dose of FEIBA (e.g., 200 U per kg BW per
day) is administered, antifibrinolytic agents should
not be given because of the risk of thromboembolic
complications. The authors stressed that antifibrino-
lytic treatment seems to be of particular value in

patients with hemophilia and inhibitors.

To sum up, although these reports deal with relati-
vely few patients in non-randomized studies, they
suggest that the use of fibrinolytic inhibitors reduces
blood loss, blood transfusions, and bleeding compli-
cations in patients with hemophilia in ways similar
to the effect in non-hemophilic patients. The routine
at the Swedish hemophilia centres is to give 10 mg
of TA per kg BW intravenously immediately before
surgery, and repeat this dose thereafter every six

to eight hours as long as patients have parenteral
nutrition, followed by 1 to 1.5 g orally three times
daily for 7 to 10 days.

TA in major surgery in patients with
bleeding disorders

Major surgery: TA (10 mg per kg BW) three times
daily intravenously, with the first dose immediate-
ly prior to surgery. Oral TA (15-20 mg per kg BW)
three times daily is given postoperatively when the
patient can take tablets; altogether antifibrinolytic
treatment for 7 to 10 days.

* For total knee replacement, an additional dose of
TA is given immediately before deflation of the
tourniquet.

* For surgery in the lower urinary tract, 2 g of TA
three times daily on the day of and the first day
after the operation, provided that irrigation of
the bladder is used.

e For minor surgery, only oral TA is required and is
given for a maximum of one week with the first
dose two hours before the operation.

Surgery in the urinary tract: Since urine contains a
fibrinolysis activator (uPA) there is an obvious risk
of increased bleeding when surgery is undertaken
in the urinary tract. Moreover, the prostatic gland
contains high fibrinolytic activity [89]. Randomized
studies on prostatectomy with somewhat varying
designs have shown a reduced bleeding in the
groups treated with TA or EACA, compared with
placebo groups [90-93]. Urological surgery, such as
prostatectomy, is becoming increasingly necessary
with the advancing age of patients with bleeding
disorders. Approximately 20 papers regarding
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prostatectomy in patients with hemophilia or VWD
can be found on Medline. In some of them fibri-
nolytic inhibitors have been used as a supplement
[94,95].

TA as supplement to
recombinant FVlla

TA is often given as a supplement in treatment with
the “bypassing agent” recombinant FVIla (rFVIla).
Fibrin glues containing aprotinin, as well as TA,
were added in the first surgery using rFVIla in a
patient with congenital hemophilia and a high
inhibitor titre [96]. In later treatments TA has often
been used as an adjunct to rFVIla, as described in
several case reports on patients with factor inhibitors
[97-103], or Glanzmann thrombasthenia [104-106].

Continuous infusion with rFVIla and adjuvant
treatment with TA has been reported as safe and
efficacious in major surgery in patients with
hemophilia A and inhibitors [107,108,99], factor XI
deficiency, [109] and congenital factor VII deficiency
[110].

Fibrinolytic inhibitors in treatment of patients
with bleeding disorders

Fibrinolytic inhibitors (TA, EACA) may be used for
all patients with bleeding disorders —intravenously,
orally, or topically —as prophylaxis and treatment
with few exceptions (renal bleeding, treatment with
full dose APCC). The dose has to be reduced in
patients with renal impairment.

Conclusion

To a great extent, this monograph is based on
studies showing the beneficial effects of anti-
fibrinolytic agents, most often TA, in patients
apparently without congenital or acquired bleeding
diseases. No severe side effects are documented.

TA can be administered intravenously, orally, or
topically. The increasing awareness of disease
transmission via blood components enhanced the
development of strategies for reducing allogeneic
blood transfusions in surgery including the use of
antifibrinolytic agents. This may also reduce the
requirement for coagulation factor concentrates,
thereby reducing costs. When bleeding occurs, the
hemostatic process, including fibrinolysis, is activated.
Therefore it seems highly reasonable to use a
fibrinolytic inhibitor alone or as a supplement to
other hemostatic medication in patients with
bleeding disorders to counterbalance their impaired
prohemostatic process. @

Abbreviations

AMCA Tranexamic Acid - TA

APCC Activated Prothrombin
Complex Concentrate

VWF von Willebrand Factor
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