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tions are crucial to this endeavour. There also remains
the challenge of developing more effective, tolerable
and widely available therapies in controlling menor-
rhagia and post-partum haemorrhage. 

This book is written by haematologists, obstetrician–
gynaecologists, an anaesthetist and those involved in
patient advocacy. It covers the gynaecological and
obstetric issues for carriers of haemophilia, women
with von Willebrand’s disease, rare bleeding disorders
and inherited platelet disorders. We hope that this
book is a modest step towards safe motherhood and
provision of quality of care for women with bleeding
disorders world-wide and that all those providing care
for these women, as well as the women themselves,
will find it useful. 
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Preface

In 1926 Erik von Willebrand described a large kindred
from the Aland Islands, an archipelago in the Baltic
sea, many of whom had a bleeding disorder. The index
case was a little girl called Hjordis, who presented with
severe epistaxis and died at the onset of her fourth
menstrual period. Her maternal grandmother died from
haemorrhage after childbirth in her only pregnancy.
von Willebrand wrote that the condition was parti-
cularly prevalent in women. This first description of
von Willebrand disease underlined the haemostatic
challenges of menstruation and childbirth for those
women with an inherited bleeding disorder. 

Until recently, the predominant issue for men with
haemophilia has been safe and effective treatment,
and most effort has been directed to the resolution of
transfusion-transmitted disease. Furthermore, since
haemophilia is a sex-linked disorder there has been a
failure to recognise that women have inherited bleed-
ing disorders. Thus, the substantial morbidity caused
in women with inherited bleeding disorders has only
recently been addressed in a comprehensive way. It is
important that collaboration in the care and research
of bleeding disorders in women continue as many
challenges remain. The main task now is to identify
those women who do not realise they may have a
treatable condition. The patient advocacy organisa-
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Introduction

At the time of injury to the endothelium, the integrity
of the high-pressure circulatory system is maintained
through the hemostatic mechanism. In general terms,
a “plug” of platelets is covered over by a “net” of fibrin,
resulting in the formation of a clot (Fig. 1.1). The
resultant clot normally leads to cessation of bleeding.
Bleeding occurs when there is a precipitant such as
direct traumatic injury to the endothelium or in the
case of menstruation hormonal-induced shedding of
the endothelium, so “injuring” the endothelium.

The understanding of hemostasis can be simplified
into two steps: first (step 1) the formation of the platelet
“plug” at the initial site of injury and second (step 2)
the formation of a “net” of fibrin covering the platelet
plug. An evolving cell-based model of hemostasis aug-
ments the historical description of coagulation focused
on enzymatic activation of a sequence of coagulant
proteins as a “cascade.” The cell-based model includes
the crucial role of tissue factor (TF)-bearing cells at the
site of bleeding [1, 2]. The two main components
within the blood exposed to the injured endothelium
in step 1 are von Willebrand factor (VWF) and
platelets. At the time of vessel injury, there is exposure
of free-flowing blood through the injured endothelium
to two subendothelial constituents, collagen and TF,
involved respectively in platelet plug formation and
fibrin generation.

Formation of the platelet “plug”

The flowing blood is subjected to a high shear stress
rate upon exposure of subendothelial collagen follow-
ing injury to the endothelium. The high shear stress
leads to “unfolding” of VWF with subsequent expo-
sure of the A1 and A3 domains [3]. The A1 domain
primarily recognizes and binds to the glycoprotein
Ibα / IX receptor on the platelet surface whereas the 
A3 domain primarily recognizes and binds to sub-
endothelial type I and type III collagen [3]. In essence,
VWF localizes the platelets to the site of bleeding 
by binding to collagen and also to platelets that are
traveling though the injured opening of the endothe-
lium. The VWF protein is capable of binding to both
platelets and collagen because it is a large, multimeric
molecule. The binding of platelets to collagen by VWF
leads to the subsequent aggregation and formation of
a platelet plug.

Formation of fibrin

Adequate clot formation is necessary to fully stop
bleeding; thus, a patient with a clotting factor defici-
ency, such as hemophilia, bleeds even though the
platelet count and function and VWF are normal. At
the time of injury factor VIIa (FVIIa) within the flow-
ing blood at the injured site is exposed to subendothelial
TF. This imitates thrombin generation resulting in
fibrin formation. This leads to the formation of the
VIIa–TF complex on the surface of platelets which 
are acting as a “scaffold,” and then converts FX to
activated FXa (termed the “extrinsic pathway” as
depicted in Fig. 1.2). In turn, FXa is localized to the

1

1 Approach to the patient with an
inherited bleeding disorder
Peter A Kouides and Claire Philipp
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CHAPTER 1

platelet surface by the cofactor, factor V (FV). This
enzyme complex of FX + FV can then convert cir-
culating coagulation factor II (prothrombin) to IIa
(thrombin). Thrombin is the main enzyme of the co-
agulation cascade, and cleaves circulating fibrinogen
to fibrin, which polymerizes to form a “net” of fibrin
around the platelet plug. Patients with a deficiency 
of FVIII (hemophilia A) or FIX (hemophilia B) bleed
even though these patients should have an adequate
amount of FVII as well as FII, FV, FX, and fibrinogen.

This is because such patients do not have amplification
of the coagulation cascade by FIX with cofactor VIII.
The FIX/FVIII complex activates X to Xa, and is termed
the propagation phase of coagulation.

Bleeding: inherited platelet disorders and 
von Willebrand disease

A quantitative defect of platelets (thrombocytopenia)
as in the case of immune thrombocytopenic purpura
(ITP) or acute leukemia, or a qualitative defect (i.e.,
dysfunction) of platelets (“thrombocytopathy”) as 
in the case of uremia or aspirin use can lead to bleed-
ing. Another cause of bleeding related to step 1 of
hemostasis would be a quantitative or qualitative
deficiency of VWF termed von Willebrand disease
(VWD). von Willebrand disease is an inherited bleed-
ing disorder. A mild to moderate (~15–50% VWF
level) deficiency with normal multimer structure of
VWF is termed type 1; a qualitative deficiency with
dysfunctional VWF is type 2 [4]. In type 2, the qualit-
ative defect can be classified further as a loss of high
and intermediate weight multimers (type 2A); a loss of
high molecular weight multimers (type 2B) usually
with associated thrombocytopenia; or normal VWF
multimers (type 2M). Type 2N VWD involves a 
mutation leading to decreased binding of FVIII with
resultant FVIII deficiency and this is often mis-
diagnosed as hemophilia A. Finally, a severe quantitat-
ive deficiency of VWF with undetectable VWF protein
is termed type 3.

2
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Formation of C platelet plug 
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“Step” 2 
Formation of fibrin clot on 
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Fig. 1.1 Steps in hemostasis. C,
collagen; TF, tissue factor; VWF, von
Willebrand factor.
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Fig. 1.2 The pathways of coagulation: the intrinsic (in vitro)
pathway as measured by the activated partial
thromboplastin time (APTT) and the extrinsic (in vivo)
pathway as measured by the prothrombin time.
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APPROACH TO THE PATIENT WITH AN INHERITED BLEEDING DISORDER

The severe forms of VWD usually have a detect-
able genetic mutation whereas a third to a half of cases
of type 1 VWD have a normal genotype implying
extragenetic factors in the pathogenesis of VWD in
these cases [5, 6]. Many of these cases (usually with
VWF levels ~30–50%) with a normal genotype are
related to ABO blood group O [7]. In turn, 15% 
of ABO blood group O patients have VWF levels
<50% [8]. Consequently, given the ~40% prevalence
of blood group O in the general population, ~5% of 
the general population will have “subnormal” VWF
levels.

Bleeding: inherited coagulation factor deficiencies

Bleeding may result from a deficiency of any of the 
clotting factors of the coagulation cascade from factor
I (fibrinogen) to factor XI. Inherited clotting factor
deficiencies are due to a mutation in the gene coding
for the respective coagulation protein resulting in a
lower than normal level adequate for hemostasis.

Clinical presentation of the 
bleeding patient

Inherited platelet disorders and VWD are associated
with “mucocutaneous” bleeding. Typical bleeding 
frequently involves nosebleeds (epistaxis), bleeding
related to surgical invasive procedures including 
dental work, easy bruising and menorrhagia. In con-
trast, patients with an inherited coagulation factor
deficiency such as hemophilia will have primarily 
deep tissue (ecchymoses) and muscle/joint bleeding. A
previously undiagnosed mild disorder such as mild
hemophilia A with a low factor VIII level can be
“unmasked” in the setting of surgery.

The challenge for the clinician when encountering
the bleeding patient is to determine whether the bleed-
ing symptom is due to an underlying disorder of
hemostasis. Many bleeding symptoms may be quite
prevalent in the general “healthy” population with a
prevalence of bleeding symptoms reported ranging
from 0.2% (bleeding from trivial wounds) to 51%
(gingival bleeding) [9] as summarized in Table 1.1.
However, only a relatively small proportion of these
patients will have a true underlying disorder of
hemostasis. Consequently, the discriminatory power
of the various bleeding symptoms in predicting an
underlying disorder of hemostasis varies from poor 
to excellent as depicted in Table 1.2, based on the
authors collective clinical experience and published
studies of bleeding risk [9–12].

These symptoms have been refined and incorpor-
ated into a scoring system (termed the bleeding score
assessment) by the International Society of Hemostasis
and Thrombosis network [13] and then modified by the
European Union VWD project [14] (Appendix i). The
main principles underlying this bleeding assessment

3

Table 1.1 The prevalence of various bleeding symptoms 
in the general population, adapted from Sadler [9] with
permission

Symptom Healthy controls (%)

Epistaxis 5–39
Gum bleeding 7–51
Bruising 12–24
Bleeding from trivial wounds 0.2–2
Dental extraction related bleeding 1–13
Post-tonsillectomy bleeding 2–11
Post-partum bleeding 6–23
Menorrhagia 23–44

Table 1.2 The relative discriminatory value of bleeding symptoms

Good

Family members with established bleeding disorder

Profuse bleeding of small wounds

Profuse surgical-related bleeding esp. T&A, dental

Muscle/joint-related bleeding

T&A, tonsillectomy and adenoidectomy.

Fair

Bruising

Epistaxis

Menorrhagia

Post-partum hemorrhage

Poor

Family members with bleeding
symptoms

Gum bleeds

Hematuria

Bright blood per rectum

9781405169158_4_001.qxd   10/23/08  11:13 AM  Page 3



CHAPTER 1

are that the likelihood of a laboratory diagnosis of
VWD is increased if (a) the bleeding symptom is of
such severity that medical attention was sought and/or
an intervention made, or (b) multiple bleeding symp-
toms are present. Ten bleeding symptoms were graded
from 0 to 3 and, in general, a score of 2 was given if the
respective bleeding symptom required medical atten-
tion whereas a score of 3 indicated the symptom
necessitated a medical intervention. If the resultant
total score was >3 in males or >5 in females, the 
sensitivity, specificity, and positive and negative pre-
dictive values for type 1 VWD were respectively 45%,
100%, 100% and 99.5 %. Subsequently, in a further
modification of the bleeding score assessment tool, 
a −1 score was introduced to account for situations
associated with a high bleeding risk, such as tooth 
extraction, where bleeding did not occur even though 
prophylaxis was not given. On further analysis, an
inverse relationship was noted between the score and
the VWF levels [14].

Studies are ongoing to determine the utility of the
bleeding score in the diagnostic evaluation of other
hemostatic disorders, such as platelet function defects,
and in the pediatric population [15].

Recent studies demonstrate that nearly 50% 
of “idiopathic” menorrhagia patients will have a 
laboratory abnormality of hemostasis, including most 
frequently VWD or a platelet function defect [16, 17].
If we assume that knowledge of such an abnormality
will have clinical benefit, then it becomes a public
health issue [18] to test for disorders of hemostasis in
all menorrhagia patients. Thus, modifications of the
EU bleeding score (range  −3 to 45) [13, 14] or other
assessment tools [19] for screening women may be a
cost-effective measure. In 42 women with documented
VWD in London, the mean bleeding score was 9.7
compared with a mean score of 0 in 10 control sub-
jects, a resultant sensitivity of 83% for a bleeding
score >5 [20].

A recently developed screening tool appears pro-
mising in identifying which women with menorrhagia
warrant referral for comprehensive hemostatic testing
[19]. Based on analysis of a 12-page bleeding and
menstrual symptom questionnaire in 146 menorrhagia
patients undergoing hemostasis testing [21], there was
a relatively high sensitivity of 81% (95% CI 74–89%)
and positive predictive value 71% (95% CI 63–71%)
if one of the following four criteria were met: (a) 
duration of menses >7 days and either “flooding” or

impairment of daily activities with most periods; (b) a
history of treatment of anemia; (c) family history of a
diagnosed bleeding disorder; (d) history of excessive
bleeding with tooth extraction, delivery or miscarriage
or surgery. Furthermore, the addition of a pictorial
blood assessment chart score (see Appendix ii) >100
increased the sensitivity of the screening tool to 93%
(95% CI 89–98%) [19].

Since VWD and platelet function defects are the
most common bleeding disorders in females [21, 22],
the bleeding symptoms associated with these disorders
of hemostasis will be discussed in further detail.

Epistaxis
This occurs predominantly in childhood and decreases
in frequency and severity as the patient enters adult-
hood [23]. Epistaxis is “significant” if excessive bleed-
ing necessitates medical attention, particularly packing
and/or cautery. The typical duration is >10 minutes
and the typical frequency is at least yearly, particularly
in childhood, adolescence and young adulthood.

Dental work-related bleeding
Excessive bleeding at the time of wisdom tooth extrac-
tion or other invasive dental procedures is associated
with bleeding disorders. A history of intervention by
the dentist for continued/recurrent bleeding after dental
extraction is probably significant [13].

Skin-related bleeding
This includes easy bruising and bleeding from trivial
cuts.

Bruising Bruising is a very subjective bleeding symp-
tom and a significant proportion of women in a gen-
eral primary care practice report easy bruising. In one
study 24% of reproductive age control women com-
pared with 78% of women with VWD reported easy
bruising [24]. Significant features of bruising appear
to be: (a) atraumatic bruising, (b) bruising occurring at
least weekly, and (c) bruises greater than 5 cm.

Bleeding from cuts Prolonged bleeding >5 minutes
from trivial cuts [13] such as a paper cut or shaving
appears to be significant.

Menorrhagia
Menorrhagia is the most common symptom in females
with VWD. Approximately 80% of patients with

4
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APPROACH TO THE PATIENT WITH AN INHERITED BLEEDING DISORDER

VWD report that they regard their periods as heavy
[24–26]. Women with a deficient amount of VWF pro-
tein are unable to form adequate platelet plugs and
formation of the platelet plug is critical in resolv-
ing menstrual blood loss. Consequently, the pre-test
probability of “true” menorrhagia (>80 mL blood 
loss per menstrual cycle objectively documented by
spectrophotometric analysis of collected pads and
tampons) would appear to be quite high in a female
with VWD. This is unlike the general population of
females reporting a history of menorrhagia, where 
the positive predictive value of excessive menstrual
loss may be anywhere from 25% to 75% [27]. In the 
(general) female population, a complaint of menor-
rhagia requiring a trial of oral contraceptive does not
reliably predict excessive menstruation by objective
measurement [28]. Table 1.3 outlines features that
probably have a positive predictive value for menor-
rhagia in patients with VWD reporting heavy menses.

Menstrual blood flow can be measured objectively
by the spectrophotometric method, which involves

collection of all menstrual pads and dissolving them in
an alkaline solution to convert the heme into hematin.
Surrogate estimates of menstrual blood flow have
been developed using the pictorial blood assessment
chart [29], as described further in Appendix ii. Iron
deficiency anemia may correlate with true menor-
rhagia and is present in at least two-thirds of women
with menorrhagia [30]. Serum ferritin status, clots,
and the pad changing rate have been demonstrated to
be predictive of objectively defined menstrual loss in
76% of women [28].

Postpartum hemorrhage 
A >500 mL loss of blood occurs in the first 24 hours
following delivery in about 4% of the general popula-
tion whereas blood loss after 24 hours greater than the
normal “lochial” loss occurs in 1.3% of the general
population [31]. Hemostasis testing should be per-
formed in patients if there is a family history of bleed-
ing or a history of postpartum hemorrhage (PPH) so
severe that it necessitates blood transfusion. In a sur-
vey of type 1 VWD patients, one-quarter required red
blood cell transfusions [24].

Approach to a female who has a
“positive” bleeding history

The bleeding history is important in the diagnosis of a
bleeding disorder. Laboratory assessment is required
to confirm the diagnosis. A synthesis of the history,
physical examination and laboratory assessment is
presented in Fig. 1.3.

History

The history should include (a) the patient’s past and
present history of bleeding symptoms, and (b) a family
history of bleeding.

A past personal history of bleeding is suggestive of
an inherited bleeding disorder. The history should
include easy bruising, prolonged bleeding with trivial
cuts, extensive oral cavity bleeding, epistaxis, bleeding
at the time of dental work or any surgical procedure,
PPH, and menorrhagia (as depicted in Table 1.4).

A positive family history suggests an inherited bleed-
ing disorder. Even though VWD is inherited, there can
be variable penetrance as well as spontaneous muta-
tions, and the patient may not have a family history 

5

Table 1.3 The salient details of menses in women with
bleeding disorders.

Audit of prior medical interventions 
? history of hormonal therapy, dilation and curettage,
endometrial ablation, levonorgestrel intrauterine device,
hysterectomy 

Details of menses
? use of (super) absorbent pads
? use of two pads or tampons at a time or both
? changing pad or tampon q 0.5–2.0 hours
? frequently stain clothes or bed sheets 
? clots the size of a quarter (pence)
? time lost from work/school 
? iron requirement

Quality of life assessment: on a scale of 0 to 10, to what
degree, if any, does menses interfere with general activity
Ability to go to work or school
Family activities 
Ability to enjoy life 
Sleep 
Mood 
Overall quality of life

Pain assessment 
? mid-cycle pain 
? degree of pain during menses
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CHAPTER 1

of excessive bleeding. If the family history for bleeding
is limited to males, females may be carriers of the
hemophilia gene. Female carriers of the hemophilia
gene can be symptomatic and themselves manifest
mild symptoms [11] (see Chapter 3).

Physical examination

If the patient reports bruising, this can be confused
with a drug-induced rash, rash from another cause, or
skin discoloration [32]. A distinction has been made
between bleeding from a platelet/VWF deficiency and
bleeding from a coagulation factor deficiency. The 
former patients will have “mucocutaneous bleeding”;
therefore, careful examination of the nose and gums
are important. The latter patients will have a tendency
to bleed in the joints and deep tissue, requiring careful
examination for joint swelling or even contracture 
formation.

It is possible that a patient, particularly with VWD,
may unmask an underlying anatomical/pathological
lesion in the uterus and the pelvic examination may be
abnormal [24, 25, 33, 34].

6

Table 1.4 Suggested list of symptoms for history taking of the bleeding patient

Bleeding symptoms Ever experienced If yes, provider
symptom? intervention 

required ever?

Yes No Yes No
More than one nosebleed per year lasting 10 minutes or longer
Oral mucosal bleeding lasting 10 minutes or longer
Bleeding during or after dental procedures of concern to healthcare 

provider
Bleeding from minor cuts lasting 5 minutes or longer
Bruises larger than a quarter size occurring at least once a month 

without trauma
Bleeding after surgery of concern to healthcare provider
Menstrual bleeding that required protection change at least every 2 hours 

on heaviest day
Bleeding with pregnancy/post-partum of concern to healthcare provider
Joint bleeding
Muscle bleeding
Central nervous system bleeding
Gastrointestinal bleeding

Combined approach to the bleeding patient

AcquiredInherited PE – try to confirm
bleeding and sites

History

1. PT/APTT
2. Platelet count (CBC)

3. Bleeding/closure time

4. VWF tests/platelet aggregation if
mucosal bleeding; factor levels if
bleeding after trauma, surgery

Laboratory testing

Fig. 1.3 The synthesis of the history and laboratory
examination in a patient with a suspected bleeding disorder.
PE, physical examination; PT, prothrombin time; APTT,
activated partial thromboplastin time.
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APPROACH TO THE PATIENT WITH AN INHERITED BLEEDING DISORDER

Laboratory assessment

Accurate hemostasis testing is important because the
specificity of bleeding symptoms may be poor, and many
“normal” patients without an identifiable disorder of
hemostasis will report bleeding symptoms [9, 24].

Initial screening tests in the female with a “positive”
bleeding history would include the following.
1 Full blood count (FBC): iron deficiency can first be
detected by a decreased mean cell volume (MCV). The
FBC includes a platelet count.
2 Prothrombin time (PT), activated partial thrombo-
plastin time (APTT): these are standard, readily avail-
able tests of hemostasis carried out in the evaluation of
the bleeding patient. However, in general, these tests
carry a very low positive and negative predictive value
for an underlying bleeding disorder [35].

Clinicians generally use the FBC and PT/APTT in
the evaluation of a patient who presents with a bleed-
ing history with the erroneous assumption that normal
PT/APTT values rule out an underlying bleeding dis-
order. Whereas the sensitivity of a prolonged APTT
for VWD is less than 40% [36], for the severe recessive
clotting factor deficiency, factors I, II, V, VII, X, XI,
the PT and APTT are an adequate screen [37].

A prolonged APTT necessitates a mixing study with
pooled normal plasma to distinguish further between
a deficiency state such as hemophilia or an inhibitor.
An inhibitor, such as a lupus anticoagulant or acquired
hemophilia A, a potentially life-threatening bleeding
diathesis, would not demonstrate a corrected APTT
on mixing with normal plasma.
3 VWF testing (VWF antigen, VWF ristocetin 
cofactor and factor VIII levels). The ~13% (95% CI
11.1–15.6%) prevalence [22, 38–41] of VWD in
females with menorrhagia warrants VWF and FVIII
levels as part of the initial hemostasis evaluation. The
FVIII level can be reduced in VWD as VWF protects
FVIII from proteolytic cleavage [42]. Factor VIII
deficiency with normal VWF levels may also be asso-
ciated with menorrhagia (i.e., female carriers of
hemophilia A, von Willebrand Normandy) [11, 25].

VWF analysis ideally should be done on site with
immediate on-site processing. Frequent misdiagnosis
of VWF deficiency occurs when specimens are trans-
ported to another site far from where the blood was
drawn with subsequent activation/degradation of the
sample [43]. In the USA, this is a growing concern
among hematologists because VWF levels are drawn

through managed care contracted laboratories where
the plasma sample may be sent thousands of miles
away and be exposed to extreme temperatures [43].
Cold storage of whole blood can lead to artifactually
low VWF levels [44]. Such patients may then be given
an erroneous laboratory diagnosis of VWD that ulti-
mately is disproved on referral to the hematologist/
laboratory scientist capable of on-site processing and
complex analysis of the plasma sample. Ideally, pri-
mary care physicians should refer the patient directly
to a hemostasis laboratory.

Furthermore the clinician must be aware that VWF
and FVIII levels can fluctuate during the menstrual
cycle. The use of exogenous hormones such as the oral
contraceptive (OC) may change these levels [45]. The
laboratory diagnosis of VWD is discussed further in
Chapter 4.

Testing in relation to the menstrual cycle

There have been reports in a relatively small number
of patients that show a decrease in VWF levels during
menstruation [46, 47]. The practitioner should note
the time in the menstrual cycle of VWF testing and
whether the results are at the mean or below the refer-
ence range. Repeat testing should be performed in the
first 4 days of menstruation.

Testing and oral contraceptive use

It has been suggested that OC use can mask the 
diagnosis of VWD based on an observation that estro-
gen can raise VWF levels in patients with VWD [48].
However, there is a lack of evidence demonstrating a
definite effect of the current combination OCs (which
are of lower dose potency than the estrogen pre-
parations used in the initial case reports associating
estrogen with raising the VWF levels). A practical
approach would be to test women prior to starting the
OC, if possible, but to obtain VWF testing if OCs have
already been started.

Adjustment for the ABO blood type

It is well known that patients with blood type O 
have 25% lower VWF and FVIII levels [8]. Adjusting
normal ranges for ABO blood type would require a
lower threshold VWF and FVIII level for blood type 
O patients with bleeding symptoms. However, it has
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been shown that type O patients with VWF levels
between 35% and 50% had similar bleeding symp-
toms to non-O patients in that range [49]. Whether
the laboratory diagnosis of VWD necessitates ABO
adjustment remains controversial. Probably a signific-
ant proportion of cases that have been diagnosed as
mild “VWD” are non-genetic and related to the blood
type [50]. Perhaps, in the future, a better descriptive
term of patients with subnormal VWF levels and
bleeding symptoms would be the classification of von
Willebrand deficiency based on the demonstration of a
subnormal VWF antigen and/or ristocetin cofactor
compared with the non-ABO-adjusted local labora-
tory range [51]. ABO typing may still be advisable, 
as the finding of blood type O allows the clinician to
emphasize to the patient that their subnormal VWF
level is most likely secondary, at least in part, to being
blood type O. Recent US guidelines do not advise
ABO adjustment [52].

In those patients with a low VWF antigen and/
or ristocetin cofactor VWF multimer analysis and 
ristocetin-induced platelet aggregation should be 
carried out for further subtyping of VWD [45].

Because of the association of hypothyroidism with
acquired VWD, the patient should be screened for
hypothyroidism [53, 54]. In hypothyroidism, thyroid
replacement can result in resolution of the VWF
deficiency [55].

Bleeding time and/or platelet function 
analyzer-100 closure time

The bleeding time (BT) and the platelet function 
analyzer-100 closure time (CT) have a relatively poor
sensitivity for mild VWF deficiency [56] and platelet
function disorders [56–58]. However the platelet
function analyzer-100 CT may be useful for monitor-
ing treatment [59].

Platelet aggregation and release studies

If initial hemostasis testing is normal, platelet aggrega-
tion and release, preferably off all medication, should
be performed [60]. This is warranted on the basis of a
relatively high prevalence of platelet function abnor-
malities in patients with menorrhagia. The abnormal-
ities were far more prevalent in the black population
[21]. Such a patient may respond to desmopressin [61]
and shortening of the CT can be seen [62].

Additional coagulation studies may be considered 
if platelet aggregation and release studies are within
normal limits. This would include testing for factors
II, V, VII, X and XI deficiencies. Approximately 1–4%
of women with menorrhagia have been found to have
mild single factor coagulation deficiency other than
VWD [16, 18, 37]. Additional coagulation studies
such as testing for factor XIII deficiency [37] and tests
for fibrinolysis such as the euglobulin lysis test [63] and
more specific assays for α2-anti-plasmin or plasmino-
gen activator inhibitor deficiency may be indicated.
Increased fibrinolysis, in general, has been reported in
menorrhagia patients [64–66], but whether fibrinolysis
is localized to the uterus or present systemically has
not been fully studied. Patients with bleeding diatheses,
including menorrhagia, associated with deficiencies 
in plasminogen activator inhibitor 1 and α2-plasmin
inhibitor have been reported [67–69].

Finally, when all of the above tests for hemostasis
return normal, the clinician should reconsider the his-
tory in terms of a bleeding disorder. In particular, it is
possible that what the patient reports as bruising is a
drug-induced rash or a disorder of the endothelium,
such as scurvy or vasculitis, or a connective tissue dis-
order, such as hereditary hemorrhagic telangiectasia.
If all these possibilities are absent, the patient may have
a disorder of hemostasis yet undiscovered and on occa-
sion in cases with a very convincing bleeding history,
e.g., multiple mucocutaneous bleeding symptoms of
severity necessitating medical attention/intervention
in the past, consideration for semi-empiric hemostatic
therapy can be considered at the time of invasive 
procedures.
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Menstrual physiology

Introduction

The shedding of the endometrium, menstrual bleed-
ing, is the physiological consequence of ovulation in
women when fertilization and implantation does not
occur. This is a significant and normally regular event
in the human reproductive cycle, and one of the unique
physiological properties in the human species. From
an evolutionary perspective, it is interesting that men-
strual bleeding does, with two exceptions, occur only
in humans and non-human primates. The exceptions
are the elephant shrew and some species of bats. 
Thus, menstruation is an evolutionary and recently
developed physiological process. In species that have
menstrual bleedings, one important characteristic that
seems to develop in parallel to menstrual bleeding 
is a more invasive form of placental invasion during
gestation. Other viviparous animals including prim-
ates that do not menstruate have a less invasive form
of implantation [1].

The issues of menstrual bleeding and aberrations
in bleeding patterns have been focused upon for the last
few decades. Better methods for investigation of the
pathophysiology of menstrual bleeding are being de-
veloped, and treatment of menstrual bleeding disorders
has improved. Furthermore, in developed countries
the average woman today is expected to menstruate
more than 400 times before menopause. This can be

compared with approximately 40 menstruations dur-
ing a normal lifespan of women in less developed
countries or with the situation during the nineteenth cen-
tury when women were amenorrheic throughout most
of their lives due to late puberty, numerous pregnancies,
prolonged lactation, and early menopause [2].

Menstruation therefore is the process by which 
the endometrium is discarded each month if no preg-
nancy occurs and the regular menstrual bleeding is the
outward manifestation of cyclical ovarian function.
During a normal menstrual cycle the endometrium is
under cyclical control of the ovarian hormones. The
ovaries are in turn under neuroendocrine control of
the pituitary gland and the hypothalamus.

The premenarcheal development

In the fetus, the primordial germ cells have migrated 
to the genital ridge by the sixth week of gestation.
Through mitosis the number of cells increases and
between the eighth and the twentieth week of gesta-
tion they multiply and reach a maximum number of 
7 million in total [3]. Primordial follicles now start to
form and at birth approximately 2 million oocytes,
arrested in the meiotic prophase, have developed.

Throughout a woman’s life until menopause, when
the reservoir is emptied, primordial follicles start
growing and undergo atresia. This is a continuous
process that is not affected by other ovarian events,
e.g., ovulation, pregnancy, or anovulation due to 
hormonal treatment. The rate at which the primordial
follicles are consumed in this process decreases over
the years and is related to the remaining pool of 
primordial follicles. At puberty only 300 000 follicles

2 Physiology of menstruation 
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remain to last the 400 potential ovulations during a
woman’s fertile life [4].

Hormonal development

In the fetus, from the tenth week of gestation,
gonadotropin-releasing hormone (GnRH) is present
in the hypothalamus and luteinizing hormone (LH)
and follicle-stimulating hormone (FSH) are present in
the pituitary gland. Gonadotropin levels are elevated,
and at birth gonadotropin and sex steroid concentra-
tions are high, but the levels decline during the first
weeks of life and remain low during the prepubertal
years. The hypothalamic–pituitary axis appears to be
suppressed by the extremely low levels of gonadal
steroids present in childhood.

Early in puberty, there is increased sensitivity of 
LH to GnRH and basal levels of both FSH and LH
increase through puberty. LH levels eventually become
greater than FSH levels. Although gonadotropins are
always secreted in an episodic or pulsatile fashion,
even before puberty, the pulsatile secretion of gonado-
tropins is more easily documented as puberty pro-
gresses and basal levels increase [5].

Menarche

It is not fully understood what triggers the changes
that result in menarche. A mechanism best described
as a central nervous system program has been hypo-
thesized. In childhood the hypothalamus and pituitary
gland seem to be insensitive to the estradiol feedback
mechanisms, but they become very sensitive after
puberty. It appears that the hypothalamic–pituitary–
gonadal axis in girls develops in two distinct stages
during puberty. First, sensitivity to the negative or
inhibitory effects of the low levels of circulating 
sex steroids present in childhood decreases early in
puberty. Second, late in puberty, there is maturation
of the positive or stimulatory feedback response 
to estrogen, which is responsible for the ovulatory 
mid-cycle surge of LH. It is only in the last stages
of puberty that gonadotropins come into play in the
maturation of the follicle. Based on this theory, the
neuroendocrine control of puberty is mediated by
GnRH-secreting neurons in the medial basal hypo-
thalamus, which together act as an endogenous pulse
generator. At puberty, the GnRH pulse generator is
reactivated (i.e., disinhibited), leading to increased

amplitude and frequency of GnRH pulses. At first
these are detected during the sleep period but eventu-
ally the episodic release of LH and FSH increase 
into pulsations that can be detected throughout the 
24 hours. In turn, the increased GnRH secretion results 
in increased gonadotropin and then gonadal steroid
secretion. What causes this “disinhibition” of GnRH
release is unknown.

Anovulatory cycles are common in the first years
after menarche [6]. There is a reported prevalence of
55% anovulation in the first 2 years after menarche
that decreases to 20% anovulatory cycles by the fifth
year. This also leads to an initial irregularity in the
menstrual pattern. During these first years of frequent
anovulatory cycles it is also not uncommon to have a
prolonged cycle length, prolonged estrogenic exposure
and hyperplasia of the endometrium, and a subsequent
very heavy bleeding (see “Adolescent menorrhagia”).

The ovaries

The time of development from primordial follicle 
to ovulation is approximately 85 days. In the ovaries
there is a continuous and hormone-independent de-
velopment of primordial follicles whereof a majority
undergoes atresia. During a limited time-span in the
menstrual cycle, some 12–14 days before ovulation, a
group of follicles starts to respond to hormone stimu-
lation and continues to grow to preantral, antral, and
preovulatory follicles. In these stages there are vast
changes in the surrounding cell layers involving pro-
duction of hormone receptors, notably the receptors
for FSH and LH and the production of estrogen. Dur-
ing a typical cycle 3–11 follicles are developed in each
ovary [7].

The ovarian cycle is regulated by internal and 
external hormones in the circulation. FSH and LH
from the anterior pituitary are released in response to
the GnRH, which is produced in the arcuate nucleus of
the hypothalamus and secreted in a pulsatile fashion
into the portal circulation. As the ovarian follicular
development moves from a period of gonadotropin
independence to a phase of FSH dependence, the 
corpus luteum of the previous cycle fades and luteal
production of progesterone decreases, allowing FSH
levels to rise.

In response to the FSH stimulus, the follicles grow and
differentiate and secrete increasing amounts of estro-
gen. Estrogen stimulates growth and differentiation 
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of the functional layer of the endometrium, which pre-
pares for implantation. Estrogens also work with FSH
in stimulating follicular development, and rising estro-
gen levels negatively feed back on the pituitary gland
and hypothalamus and decrease the secretion of FSH.

The one follicle destined to ovulate each cycle is
called the dominant follicle. It has relatively more 
FSH receptors and produces a larger concentration of
estrogens than the follicles that will undergo atresia.
Therefore, it is able to continue to grow despite falling
FSH levels.

Sustained high estrogen levels cause a surge in 
pituitary LH secretion that triggers ovulation, pro-
gesterone production, and the shift to the secretory, 
or luteal, phase.

Luteal function is dependent on the presence of 
LH. However, the corpus luteum secretes estrogen,
progesterone, and inhibin-A, which serve to main-
tain gonadotropin suppression. Without continued LH
secretion, the corpus luteum will regress after 12–14
days. The resulting loss of progesterone secretion
results in menstruation (Fig. 2.1).

If pregnancy occurs, the embryo secretes human
chorionic gonadotropin (hCG), which mimics the
action of LH in sustaining the corpus luteum. The 
corpus luteum continues to secrete progesterone and

supports the secretory endometrium, allowing the pre-
gnancy to continue to develop.

The menstrual cycle

During the first 14 days of the cycle the endometrium
grows under the influence of estrogen (proliferatory
phase) and during the following 14 days, under the
influence of estrogen and progesterone that is secreted
from the corpus luteum. The endometrium matures
(secretory phase) in preparation to receive a fertilized
egg. Without a pregnancy progesterone production in
the ovaries ceases and the matured endometrium is
expelled as menstrual bleeding. Thus, menstruation is
an unusual physiological process that involves the
expulsion and regeneration of healthy tissue lining the
uterus. In the endometrium, the morphological changes
during these processes have been thoroughly studied
and described over the years. Modern research is focused
on the molecular biology and immunology of the
changing endometrium under endocrine regulation [8].

The physiological events in the uterus leading to
shedding of the endometrium, subsequent bleeding,
and repair have been studied for more than a century.
Corner and Allen [9] presented a synthesis on the rela-
tion between estradiol, progesterone, and the changes
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in endometrial structure and function throughout 
the cycle. In 1940 J. Eldridge Markee [10] presented 
a classical and extensive work on intraocular endo-
metrial transplants in the rhesus monkey. In these
studies he established the relationship between the fall
in estrogen (estrone) and progesterone and the con-
tractions in the coiled (also called spiral) arteries of the
endometrium. The key event in inducing menstrual
bleeding was found to be progesterone withdrawal.

In the 1960s the concept of constriction and 
subsequent dilation of the coiled arteries as a vital 
mechanism for menstruation was questioned [11], and
since then several different theories on the physiology
of menstrual bleeding have evolved. These theories
have in common that the onset of menstrual bleed-
ing can be partly a consequence of an inflammatory
process. Both menstruation and implantation after
fertilization have been shown to share some properties
of the inflammatory process [12, 13]: prostaglandins
and cytokines are involved [14] and leukocytes are
activated [15]. One result of this is expression of a par-
ticular class of enzymes, the matrix metalloproteinases
(MMPs) in the endometrium.

The onset of menstrual bleeding is presently
regarded as a combination of three major events: vaso-
constriction, inflammation, and tissue degradation.
The link between progesterone withdrawal, the inflam-
matory response, and tissue destruction is fairly well
studied and understood [16–18], whereas the link
between progesterone withdrawal and vasoconstric-
tion is less clear [19]. One mechanism may involve 
the progesterone withdrawal-induced upregulation 
of prostaglandin production via cyclooxygenase 2
(COX2), the inducible form of prostaglandin syn-
thetase [20]. Another possible vasoconstrictor is the
21 amino acid polypeptide endothelin (ET).

Vasoconstriction
The effects of progesterone on cells in endometrial 
tissue can theoretically be exerted in two ways. First,
there is signaling via the progesterone receptors A 
and B [21], the classical, slow steroid receptor signal-
ing via genomic activation. Second, the progesterone
effect can be mediated through membrane-bound
receptors giving a fast non-genomic response. In 
neuronal tissues, progesterone can signal via gamma-
aminobutyric acid (GABA) A chloride channels, thereby
evoking an immediate answer [22]. However, to date
no reports exist on such a membrane-bound receptor

in endometrial tissue and there are reports on the
absence of progesterone receptors in the vascular
endothelium of the actual coiled arteries [23–25].

It has been shown that progesterone, at physiolo-
gical concentrations, potentiates the thrombin-induced
cellular response by upregulation of protease activated
receptor 1 (PAR-1) in aortic cells [26]. The result 
is increased vasoconstriction despite an unchanged
level of thrombin. When uterine endothelial cells are
exposed to progesterone withdrawal, upregulation 
of the thrombin receptor is found (Fig 2.2) [27]. 
When progesterone levels decrease after the demise 
of the corpus luteum the endothelium in the uterine
vessels should consequently become more sensitive 
to thrombin. In accordance with these findings, it has
been shown that in endometrial tissue downregulation
of the PAR-1 gene was seen as a response to exposure
to the progesterone levonorgestrel [28].

Thrombin is a serine protease and one of the most
important enzymes in the blood-clotting cascade. In
addition to its action in hemostasis, thrombin has been
found to act as a cofactor in response to sex steroids
[29–31]. Thrombin both upregulates the endothelin-
converting enzyme (ECE-1) that processes ET from its
precursor peptide pre-proendothelin [32] and stimul-
ates ET release [33].

Previous work has shown that ET may be involved
in regulation of menstruation, but compelling evid-
ence of the role of ET is lacking. It has previously been
shown that ET has a crucial role in the regulation
of vessel contractility [34] in several organ systems
including the urogenital tract. ET contracts vascular
and myometrial smooth muscle in the uterus [35] and
has been shown to be more potent in contracting small
branches of the uterine artery than in contracting the
main stem [36]. These steps provide a chain of events
that link progesterone withdrawal to the contraction
of small endometrial vessels, the last observation being
one of the first influential findings in the early works
on menstrual physiology [9–11].

In addition to this, menstrual bleeding is regulated
on several other levels. Two phases of menstruation
have been proposed. The early events in the onset 
of menstruation are vasoconstriction and a process
resembling inflammation [14] induced by proges-
terone withdrawal by direct or indirect action. This 
is followed by activation of lytic mechanisms that 
presumably are partly a consequence of hypoxia and
subsequent tissue degradation and inflammation.
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Tissue degradation
The breakdown of the endometrial extracellular matrix
(ECM) involves enzymes, the MMPs [15, 37, 38].
MMPs consist of a group of 24 protease-like proteins
that degrade the ECM and basement membrane [18].
Stromal cells in the upper endometrial zones secrete
MMPs after 48 hours after progesterone withdrawal
[39, 40].

MMPs are significantly increased in the endo-
metrium at menstruation compared with other stages
of the cycle [41], and withdrawal of progesterone
under experimental conditions does upregulate the
MMPs [40]. A cyclicity has also been found for the
physiological inhibitors of MMP, tissue inhibitors 
of MMP (TIMP) [42, 43]. The link between proges-
terone withdrawal and MMP upregulation and secre-
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tion has been unclear. A candidate for this connection
has now however been presented in LEFTY-A [44].
LEFTY-A is a member of the transforming growth 
factor-β family, identified originally as an endometrial
bleeding associated factor (EBAF) [45]. LEFTY-A
increases the expression of MMPs during menstrua-
tion. Progesterone exerts an inhibition on the LEFTY-
A effect on MMPs on two levels [44]: upstream by
inhibiting LEFTY-A expression and downstream by
suppressing its stimulatory effect on MMPs.

Another link between progesterone withdrawal 
and MMP upregulation and secretion is thrombin, 
a substance that has also been studied with regard 
to its proliferative effect on cultured human vascular
endothelial cells [46]. Furthermore, thrombin has
been shown to exert specific proliferative effects on
endometrial cells [47]. The ability to regulate levels of
MMP1, MMP2, and MMP3 [48–50] makes thrombin
especially interesting. It has been shown that a proges-
terone, medroxyprogesterone acetate, strongly inhibits
MMP-1 levels in endometrial stromal cells [51]. How-
ever, thrombin overcomes this suppression, resulting
in MMP-1 levels that are several-fold higher than in
controls. Thus it seems as if thrombin signaling, either
by increased levels of thrombin or by an upregula-
tion of the thrombin receptor, may have a central role
in endometrial ECM breakdown as well as in the
chain of events in menstrual physiology leading to
vasoconstriction.

Inflammation
Progesterone withdrawal induces endometrial changes
that can be regarded as an inflammatory process [12].
There is an influx of leukocytes [52] and release 
of prostaglandins. Endometrial and peripheral blood
leukocytes do not express progesterone receptors,
indicating that recruitment of leukocytes into the
endometrium is mediated indirectly [53]. COX2 is 
the inducible form of prostaglandin synthetase; it is
present in the human endometrium and is expressed
mainly during the menstrual phase [20] when pro-
staglandin levels have been shown to rise. Several 
substances related to inflammation correlate with the
onset of menstrual bleeding in the endometrium, such
as the chemokine interleukin 8 (IL-8), chemotactic 
for neutrophils and NK cells [54], and the monocyte
chemotactic peptide (MCP-1) [55]. A cyclic variation
of the proinflammatory cytokine tumor necrosis factor
alpha (TNF-α) has been shown in the plasma [56] and

in the endometrium [57]. The effects of the inflam-
matory substances on menstrual bleeding are either
direct, such as for prostaglandins that induce vascular
permeability changes, or indirect, such as for IL-8 and
MCP-1, which attract cells that activate and release
MMPs.

In summary, monthly occurring menstrual bleed-
ing is normally a remarkably well-controlled event.
Abnormal uterine bleeding in regularity, frequency, or
amount happens, on the other hand, to most women
at some stage during their reproductive years.

Disturbance in menstrual bleeding is not a disease
by itself but a symptom of an underlying disorder.
Menorrhagia is a regular but abundant period.
Irregular and heavy bleeding is called metrorrhagia
and is often caused by hormonal disturbances due to
irregularities in ovulation. Other causes of metror-
rhagia are infections and benign or malignant tumors.
Irregular bleeding in the beginning of a pregnancy,
normal or pathological, e.g. ectopic pregnancy, can
also be misinterpreted as a metrorrhagia.

Menorrhagia

The most common pathology of menstrual bleeding is
menorrhagia, heavy but regular menstrual bleeding.
Menorrhagia is the most common reason for exam-
ination and treatment in gynecology. It is also a very
important issue in general health. Menorrhagia is the
most common cause of iron deficiency, anemia, in fer-
tile women worldwide. As menorrhagia is a symptom
of an underlying disease, it is crucial that treatment is
preceded by an adequate examination to ensure pro-
vision of the most appropriate therapy for all women.

Definition

When describing menstrual abnormalities there is a
need for simple terminology and definitions that can
be accepted and understood worldwide. The termino-
logy used in this chapter is the one used by health pro-
fessionals in most parts of Europe, the USA and other
English-speaking parts of the world (Table 2.1). The
use of Latin, Greek, and ill-defined terms such as dys-
functional uterine bleeding (DUB) makes it difficult 
to compare descriptions between clinicians and the 
general population. As a result of this, an international
group of experts on disorders of menstruation has 
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initiated an international debate and consultation pro-
cess in order to find clear, simple terminologies and
definitions that have the potential for wide acceptance
[58].

Menorrhagia is traditionally defined as heavy regu-
lar menstrual bleeding. Since the 1960s there have
been several studies on the subject of menorrhagia.
Normal menstrual blood loss (MBL) is on average
40 mL per month [59, 60]. Recommendations for
an upper limit of normal blood loss have ranged 
from 60 mL of MBL to 120 mL [61] per month. The
most accepted definition is a monthly MBL exceed-
ing 80 mL. This definition was established by study-
ing how much an otherwise healthy woman could
bleed every month without becoming iron deficient 
or anemic [62]. Regularity in bleeding does require
ovulation; anovulatory bleedings do quite soon be-
come irregular. There is sometimes an intraindividual
variation, up to 3 days, in cycle length, which is not
considered as an irregularity. Furthermore, there are
also interindividual variations, and the defined normal
range is 23 to 35 days. Thus the definition for menor-
rhagia is a MBL exceeding 80 mL in ovulatory cycles.

Adolescent menorrhagia

As menstrual periods in adolescents are often 
irregular due to frequent anovulation, the condition
“adolescent menorrhagia” is quite often in fact a
menometrorrhagia, i.e., heavy and at least to some
extent irregular bleeding. The condition is normally
not severe and does not require treatment. If irregu-
larity continues for several periods or if the blood 
loss causes anemia, hormonal treatment is advisable.
The most convenient treatment option in these young
women is the combined contraceptive pill, provided

there are no risk factors for venous thromboembol-
ism. Rarely, teenagers may have an organic pathology
such as carcinomas of the cervix or vagina, or ovarian
tumors leading to estrogen production and heavy men-
strual loss. A persistent and continuously changing
bleeding pattern is a reason for a thorough examina-
tion. Adolescents with a more or less regular bleeding
pattern and heavy menstrual blood loss should always
be examined for coagulation deficiency, see “Treat-
ment of menorrhagia” and Chapter 7.

Prevalence

Menorrhagia is one of the most common gynecolo-
gical symptoms and a common reason for consulting
gynecologists or general practitioners [63, 64]. The
prevalence of objectively verified menorrhagia is
around 10% [65]. The prevalence increases with age
until menopause, often with an increasing tendency 
of menometrorrhagia, heavy and irregular bleeding,
towards the end. There is a wide range in the pre-
valence of subjectively experienced menorrhagia and
on average 30% of women do at some occasion experi-
ence heavy regular bleeding [66, 67]. As a result of this
discrepancy, up to 50% of women complaining of
menorrhagia have an objective blood loss of less than
80 mL [68]. Thus one difficulty in the management of
menorrhagia is to get a reliable quantification of the
MBL.

Quality of life

Surprisingly, impact from menorrhagia on the quality
of life (QoL), which is the predominant cause for com-
plaint among suffering women, has not been studied
extensively. Even more surprising is the poor quality
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Table 2.1 Current terminology describing menstrual abnormalities

Regular bleeding (cyclic bleeding) Irregular bleeding (acyclic bleeding)

Menorrhagia, excessive regular periods Metrorrhagia, irregular periods

Oligomenorrhea, infrequent regular periods Menometrorrhagia, irregular excessive periods

Polymenorrhea, frequent regular periods Contact (coital) bleeding, bleeding after intercourse

Amenorrhea, no periods at all Postmenopausal bleeding, bleeding more than 1 year after menopause 
(last regular period)
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of QoL follow-up in association with different med-
ical and/or surgical treatments. A validated tool for
specific menorrhagia-related QoL is lacking, but the
Short Form 36 (SF 36) has shown to be reliable 
and valid in the general population, in chronically ill 
people [69, 70], and in women with menorrhagia [71].
A patient-administered questionnaire for menorrhagia
based on the type of questions asked when taking a
gynecological history has also been developed [72].
Even the most simplified form of satisfaction follow-
up can be of value, especially in connection to treat-
ment evaluation outside of clinical trials. One set of
questions that could be used was presented by Winkler
[73].
1 Do you feel that your social activities have been
impaired because of your menstrual bleeding, e.g. less
swimming, tennis, theater, leisure plans? (1, impaired;
5, not impaired).
2 Do you feel your work performance to be impaired
because of your menstrual bleeding? (1, impaired; 5,
not impaired).
3 Do you feel tired or exhausted during your menstru-
ation? (1, tired, exhausted; 5, fit, active).
4 Do you feel less productive during your menstru-
ation? (1, less productive; 5, very productive).
5 Do you feel unclean or unhygienic during your
menstruation? (1, unclean, unhygienic; 5, very clean).
6 Do you feel depressed during your menstruation?
(1, depressed, low spirits; 5, no depressive feeling).
7 Do you feel that your action radius is limited during
your menstruation? (1, action radius limited; 5, no
limitations).
8 Do you feel generally impaired by your menstru-
ation? (1, impaired by the heavy bleeding; 5, in no way
impaired).

The nature of these questions does give insight into
these women’s severe limitations in daily living and
the impact on quality of life that menorrhagia has (see
also Chapter 7).

Measurement of menstrual blood loss

The discrepancy between objectively measured MBL
and the subjective estimation of the MBL necessitates
verifiable methods to measure the actual MBL.
Neither the duration of menses nor the number of 
sanitary tampons and pads used accurately corre-
sponds to the actual MBL [74, 75]. Furthermore 
there is an intraindividual variation in MBL [74],

especially in women with menorrhagia. Therefore, an
optimal assessment is only obtained with repeated
measurements.

Alkaline hematin method
The most accurate method, the alkaline hematin
method, described by Hallberg and Nilsson [76] and
modified by Newton and co-workers [77], can deter-
mine the actual blood loss with precision. It gives a
value of the exact amount of hemoglobin lost during
one menstrual period.

The patient is rigorously instructed that all blood
lost during a menstrual period must be collected. This
means for example that a tampon or white cotton
should be used during showers and all toilet visits. 
The collected blood material is packed in plastic bags
(a bag for every 24 hours). Menstrual blood is then
extracted from the sanitary material with 5% sodium
hydroxide. In the sodium hydroxide the sanitary
material is homogenized and the hemoglobin content
of the menstrual blood is transformed to alkaline
hematin. Subsequently the homogenate is measured
spectrophotometrically at 540 nm and, with know-
ledge of the venous hemoglobin concentration of the
patient, the corresponding volume of MBL for that
period of 24 hours can be calculated.

The method is however laborious and is therefore
used exclusively in research. As a result of this there
has been a need for alternative objective or semi-
objective methods.

Pictorial blood loss assessment chart
The pictorial blood loss assessment chart (PBAC) or
the menstrual pictogram was developed by Higham
and co-workers [78] in order to simplify measurement
of MBL in a way that it could be used not only for
research but also for routine clinical use (Appendix ii).
It has been developed as a simple scoring system, taking
account of the number of sanitary tampons and pads
used as well as the degree of soiling. Higham obtained
a sensitivity of 86% and a specificity of 81–89% com-
pared with the “gold standard,” the alkaline hematin
method. Use of this method has become widespread
and instructions and charts can be found for down-
loading from the Internet for home assessment. The
method has, however, been criticized. Follow-up 
studies for validation have been few and with differing
results from the initial study. One main issue seems 
to be at which cut-off score menorrhagia will be
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correctly diagnosed [79, 80]. Further discussion is
found in Chapters 3, 4, 5, 7 and Appendix ii.

Menstrual fluid volume measurement
As menstrual “blood” consists not only of blood, but
also of serous fluid and endometrial debris, it has not
been considered reliable to estimate the blood loss 
by weighing the sanitary tampons and pads. Fraser
and co-workers [81] however showed that careful
measurement of the total menstrual fluid volume is
sufficiently accurate for estimation of MBL for clinical
purposes. This method needs however to be further
evaluated.

Etiology
Menorrhagia is a symptom. Traditionally, menor-
rhagia has been considered to signal a local gynecolo-
gical disorder. However, 80% of women treated for
menorrhagia have no anatomically perceptible patho-
logy and in 50% of women undergoing hysterectomy
as treatment for menorrhagia, no uterine pathology
is found [82].

The complexity of the matter is even increased by
the fact that two or several etiologies can coexist and
complicate the investigation. For example a woman
with impaired coagulation who has most likely suf-
fered from menorrhagia since menarche. If the correct
diagnosis is not found (probably because it is not
looked for) or if symptomatic treatment with, for
example, combined contraceptives has been initiated
at an early stage she may go undiagnosed up to an age
of over 30 years. If then an additional condition such
as a uterine myoma is added this can tip her over 
the edge, lead to anemia and an impaired QoL. The
subsequent investigation will meet the challenge of
unmasking the underlying conditions causing menor-
rhagia (Fig. 2.3).

Uterine causes
Local pelvic pathology (such as leiomyoma, adeno-
myosis, and endometrial polyps) is estimated to be 
the main cause of approximately 25–30% of all cases
of menorrhagia, leiomyomas being the most common
cause [83]. These data are derived from statistics 
on women who have undergone a hysterectomy for
heavy periods. However, most women going through
surgery for this reason do not actually have objective
menorrhagia. Furthermore, leiomyomas are also very
common conditions in women with normal menstrual

blood loss. The location of the myoma is probably
important: intrauterine or submucosal myomas are
more likely to affect the amount of blood lost at men-
struation. These types of fibroids are associated with
an increased endometrial surface that contributes to
the increased bleeding. The same reasoning goes for
endometrial polyps and adenomyosis.

Systemic causes
Systemic causes have previously been considered 
to be an uncommon underlying condition in women
with the symptoms of menorrhagia. The association
between hypothyroidism and menorrhagia has been
well known for decades, and approximately 1–2% of
women with menorrhagia suffer from hypothyroidism
[84]. Apart from that, bleeding disorders, inherited 
as well as acquired, have earlier been considered to 
be an obvious but uncommon cause of menorrhagia.
However, several articles published in the last 10 years
have clearly pointed out that there is a relatively high
probability of finding an undiagnosed bleeding dis-
order when properly examining a patient with menor-
rhagia [85–89]. This is further discussed in Chapter 7.

Iatrogenic causes
The use of a non-hormonal intrauterine device (IUD)
increases average menstrual blood loss by 45% [90]
and bleeding problems remain the most frequent 
single reason for the removal of an IUD. Treatment
with anticoagulants increases the risk of menorrhagic
bleeding. Medical treatment influencing the function
of platelets, notably non-steroidal anti-inflammatory
drugs (NSAIDs), including acetylic salicylic acid (ASA),
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induce increased MBL in some women. This effect is
most often seen in women with defective coagulation
such as mild von Willebrand disease (VWD) or mild
platelet dysfunction.

Idiopathic or unexplained menorrhagia
No matter how hard we try to find the underlying
cause there will still be a significant proportion of
women with menorrhagia that cannot be explained.
With increasing skill and technology to investigate
menorrhagia, the proportion of idiopathic menor-
rhagia diminishes. Ultrasound, hysteroscopic tech-
niques and increased awareness and availability to
perform hematological work-ups have reduced the
fraction of unexplained menorrhagia from well above
50% to perhaps 25%.

Local changes in the endometrium associated
with menorrhagia
There are also hypotheses on endometrial factors 
contributing to menorrhagic bleeding. Excessive MBL
has, for example, been ascribed to abnormal uterine
levels of prostaglandins [91]. The endometrium of
women with excessive menstrual bleeding has been
found to have higher levels of prostaglandin E2 and
prostaglandin F2α than the endometrium of women
with normal menses [92]. There is further evidence of
deranged hemostasis such as an elevated ratio of
prostaglandin E2 to F2 [93] and the ratio of prosta-
cyclin to thromboxane [94]. These substances are pre-
sent both in the endometrium and in the myometrium,
although the exact mechanism by which the excessive
blood loss occurs remains speculative.

Plasminogen activators are a group of substances
that cause fibrinolysis. An increase in the levels of 
plasminogen activators has been found in the endo-
metrium of women with heavy menstrual bleeding
compared with those with normal menstrual loss
[95–97]. Whether these local factors are actually caus-
ing the heavy MBL or are a result of the heavy MBL or
may be only a coexisting observation without connec-
tion is yet to be proven.

The local endometrial environment is, as described,
undergoing thorough changes during the whole men-
strual cycle, and menstrual bleeding acts as a crescendo
in a biological firework. Treatments initially used 
ex juvantibus, e.g., NSAIDs and antifibrinolytic treat-
ment, for unknown menorrhagia were found to have
therapeutic effect. Several substances have, after this,

been studied in relation to menorrhagia, notably
prostaglandins and markers of fibrinolytic activity.

Previously described physiological events in men-
strual regulation where dysregulation could cause
menorrhagia mainly involve hormonal dysfunction.
Progesterone dysfunction however is predominantly
reported to cause irregular bleeding [98, 99]. Dysfunc-
tional uterine bleedings may result from both high and
low levels of estrogen and progesterone. Furthermore,
there is a possibility that changes in receptor density
distribution or function could cause bleeding disturb-
ances. However, studies on endometrial and myo-
metrial histology using immunohistochemistry [100,
101] have not shown any significant differences in the
amount or distribution of estrogen or progesterone
receptors between women with normal menstruation
and women with menorrhagic blood loss.

The steps following progesterone withdrawal result-
ing in increased vascular contraction have been little
focused upon. The hypothesis that upregulation of the
thrombin receptor is involved has been studied with
regard to menorrhagia. Thrombin signaling may also
be a possible link between vascular events and tissue
degradation [51], although a previous study showed
no variation in thrombin levels in peripheral circula-
tion during spontaneous cycles or during progesterone
treatment [102, 103].

A cyclic normal or abnormal variation in the
expression of the thrombin receptor would offer an
explanation for dysregulation in the endometrial con-
trol of bleeding [27]. The link between thrombin and
ET, with its presumed role in regulation of uterine
bleeding and endometrial repair [104], necessitates
further studies on the influence of the variation in
thrombin receptor density, distribution, or function
on menstrual control. Thrombin signaling could influ-
ence endometrial bleeding also by another mechan-
ism. Plasminogen activators (t-PA) are a group of 
substances that give rise to fibrinolysis. Endothelial
cells store t-PA in specific vesicles from which it can
be released after exposure to thrombin [105]. Since
fibrinolytic activity in tissues and blood is largely
determined by the concentration of t-PA [106, 107], it is
interesting that increased local fibrinolytic activity has
been found in women with menorrhagia [95, 97, 108].

Increased local fibrinolytic activity in menorrhagia
Presence of plasminogen activators in the endo-
metrium was reported in 1966 [108]. In the process of
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degrading blood clots, t-PA transforms plasminogen
to plasmin, which degrades fibrin. Previous studies
have shown that there is normally high fibrinolytic
activity in the endometrium and in menstrual blood in
humans, and a further increase is seen in some condi-
tions associated with menorrhagia [95, 109–111]. To
a large extent, increased local endometrial fibrinolytic
activity is also seen in idiopathic menorrhagia. This
has been shown in the endometrium and in the men-
strual fluid [95, 112–114].

There are few earlier studies on the exact relation-
ship between local fibrinolytic activity and the amount
of menstrual bleeding [95, 97]. In these studies, meas-
urement of local fibrinolytic activity has been made 
on endometrial tissue. After the finding of a positive
correlation between MBL and fibrinolytic activity, the
increase in local fibrinolysis has been considered to 
be an important factor in idiopathic menorrhagia. 
The efficacy of antifibrinolytic drugs (e.g., tranexamic
acid) on menorrhagia is regarded as supporting this.
Whether local fibrinolytic activity causes heavy MBL
or whether it is a result of heavy MBL or may even be a
coexisting observation without causal nexus is a ques-
tion that remains to be answered.

In a recent study [115] a highly significant cor-
relation was found between the actual MBL and the
fibrinolytic activity in menstrual fluid. This correlation
was applicable to women with normal MBL as well as
to women with menorrhagia.

Evaluation and investigation

The evaluation of the patient seeking help and treat-
ment for menorrhagia has two main goals. First, we
have to establish whether the MBL is excessive or 
not. If it is found (after taking a thorough history and
that may also be a semi-objective measurement of the
MBL) not to be an excessive MBL, then the task will
be to educate and inform the patient about the normal
physiology of menstrual bleeding. It is also import-
ant at this stage to separate menorrhagia from other
period-related problems such as dysmenorrhea and
premenstrual dysphoric disorder. If the subjective
problem remains, it is of course possible to try a med-
ical treatment with an unspecific effect, but only after
confirming that the effect experienced will be small.

Second, we must establish the cause of heavy MBL.
This is a prerequisite for successful treatment whether
it will be medical or surgical.

Menstrual history and assessment of MBL
It is important to find out when menorrhagia was first
experienced. Menorrhagia since menarche is seldom
caused by pelvic pathology but more likely to be
attributed to bleeding disorders. It is important to find
out about the consequences on daily life. A woman
who uses several sanitary pads or a tampon and pad
simultaneously, needs to change several times at night,
and bleeds through her protection is probably suffer-
ing from menorrhagia. If menstruation means regular
sick leave or that meetings, social events, or travel
plans are cancelled, this is also valuable information
in our efforts to quantify the menstrual bleeding.
Often this is the closest that we can get to evaluate the
amount of blood loss. Some clinicians have worked up
a routine with the PBAC as a support in the diagnosis
of menorrhagia, but most of the time estimation 
relies on information: to what extent does the bleeding
impair the woman’s daily activities. If the bleeding is
irregular, is it a metrorrhagia or a menometrorrhagia.
These conditions may have a completely different
pathophysiology and the underlying causes will not be
thoroughly discussed here.

Clinical assessment
All women presenting with menorrhagia should
undergo a gynecological examination (Fig. 2.4). An
exception can be made for young girls with adolescent
menorrhagia who have not become sexually active. A
routine evaluation includes an ultrasound examina-
tion, preferably vaginally. Ultrasound can sometimes
overlook small polyps. The diagnostic accuracy of
ultrasound is better during the early follicular phase 
of the menstrual cycle when the endometrium is thin.
Better results are obtained with hydrosonography
when the uterine cavity is filled and distended with a
saline solution. The saline solution acts as a sono-
graphic contrast and most intrauterine aberrations 
are detectable. A good result is also obtained if the
endometrium can be examined visually, through diag-
nostic hysteroscopy. With a diagnostic hysteroscopy,
a targeted biopsy of the endometrium or a visualized
focal pathology can also be obtained. All these exam-
inations can be performed at the outpatient clinic. 
In all women over the age of 40 and in women with 
an irregular bleeding pattern, an endometrial sample
should be obtained. Endometrial aspiration cytology
has now replaced dilation and curettage for this pur-
pose. A cervical PAP smear should also be assessed.
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Blood samples
Blood samples to evaluate the hemoglobin level 
and, when indicated, iron studies are useful for early 
detection and management of iron deficiency. Thyroid
function tests should be performed on suspicion of
hypothyroidism. If the history, including the family
history, indicates a possibility of a defective coagula-
tion system, a coagulation screen designed to reveal
the most common mild coagulation deficiencies such
as VWD and platelet dysfunction (Fig. 2.5) should
also be performed. The circumstances around blood
sampling, the pre-analytical conditions, are important
[116]. Since there is evidence that some of the coagula-
tion factors change cyclically during the menstrual cycle
and reach their nadir during the menstrual phase, it 
is recommended that blood sampling should be per-
formed at this period of the cycle [117].

When signs of a bleeding disorder are found, the
patient should be referred to a hematologist for fur-
ther evaluation. When the hematological work-up is
concluded and an underlying bleeding disorder has not
been verified, then gynecological evaluation and treat-

ment should continue. Sometimes both a bleeding dis-
order and a local uterine pathology are found. In these
cases, it is of course advisable to conclude the hematolo-
gical investigation and to commence medical treatment
before embarking on any surgical treatment option.

Treatment of menorrhagia

There exists controversy on the subject of menor-
rhagia treatment: medical management or surgical
cure. One must keep in mind that menorrhagia is only
a symptom; the underlying cause of heavy menstrual
blood loss will determine the treatment.

Surgical treatment of menorrhagia

Hysterectomy Surgical treatment of menorrhagia
includes hysterectomy or endometrial ablation.
Hysterectomy is one of the most frequently performed
major surgical procedures among women of repro-
ductive age. In the USA approximately 500 000 to 
600 000 hysterectomies are performed each year
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Heavy regular menstrual blood loss, menorrhagia

Case history, clinical examination, ultrasound and possibly endometrial cytology

No pathology proven

Continued menorrhagia

Hysterectomy

Hydrosonography or
diagnostic hysteroscopy

Endometrial ablation

Focal pathology

Hysteroscopy+resection

Suspicion of
hemostatic defect/
endocrine cause

Hematological
investigation
(see separate

schedule, Fig. 2.5),
including possibly
thyroid samples

Unspecific treatment:
(LNG-IUS, tranexamic acid,

combined contraceptives)+iron

Complete the investigation
according to schedule above

(hydrosonography or hematological)

No possible
explanation of

underlying cause

Generally
myomatous

uterus

Suspicion of submucous/
intracavitary myoma or

polyp/thick endometrium

Fig. 2.4 Algorithm for examination of women with menorrhagia. LNG-IUS, levonorgestrel-containing intrauterine system.
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About the menstrual bleeding
• Have you experienced heavy menstrual bleeding since menarche?*
• Do you frequently get your clothes stained by menses?
• Do you use both pad and tampon or two pads at the same time?
• Do you need to change tampon/pad often? During the night?
• Do you regularly lose time from work or school due to heavy bleeding?

About the general bleeding tendency
• Do you bruise easily?
• Do you often have epistaxis?
• Do you often bleed from the gum?
• Have you experienced excessive bleeding with dental procedures?
• Have you experienced excessive bleeding with surgical procedures?
• Haye you experienced excessive bleeding postpartum?
• Have you been anaemic or low in iron without obvious cause?
• Have you got relatives with any of these symptoms?

Bleeding history

Gynecological evaluation
• Pelvic examination
• Ultrasound, preferably hydrosonography
• Diagnostic hysteroscopy
• Pictorial chart assessment of menstrual blood flow
                           * If there has been menorrhagia since menarche an underlying
                           bleeding disorder should always be suspected

Physical examination

Medical or surgical treatment aimed
at gynecological pathology or

“idiopathic menorrhagia”

No verified bleeding disorder or
both a bleeding disorder and a

gynecological pathology

Referral to hematologist for
further evaluation, information

and treatment

Hemostatic testing, samples
taken on cycle days 1–7
1.  Complete blood cell count
2.  Activated partial thromboplastin
 time and prothrombin time
3.  Bleeding time
4.  VWD profile (VWF antigen,
 ristocetin cofactor and FVIII)
5.  Information on ABO blood type

No suspicion of bleeding disorder Suspicion of bleeding disorder

Normal
coagulation

Pathology found in the initial
hemostatic testing

Fig. 2.5 Extended examination on women with
menorrhagia where initial examination has indicated the
possibility of a pathologically increased bleeding tendency as

a sole or contributing cause. VWD, von Willebrand disease;
VWF, von Willebrand factor.

9781405169158_4_002.qxd  10/23/08  11:15 AM  Page 24



PHYSIOLOGY OF MENSTRUATION AND MENORRHAGIA

[118]. It is reported that in 25–70% [119, 120] of
cases, menorrhagia and dysmenorrhea are the indica-
tions for this major surgery. More than a quarter of
the US female population undergoes hysterectomy
before age 60 years [121]. Even if hysterectomy effect-
ively cures the symptoms of menorrhagia, it can leave
the patient with an underlying cause untreated. Fur-
thermore, hysterectomy is accompanied by significant
morbidity and even mortality [122]. Different methods
for endometrial ablation have evolved over the past 
20 years, and probably to some extent reduced the use
of hysterectomy in the treatment of menorrhagia.

Endometrial destruction Irreversible endometrial
ablation is achieved through several methods. The
methods include the traditional hysteroscopic trans-
cervical resection (TCRE) and more recently non-
hysteroscopic techniques such as thermal balloon
hydrothermal ablation (TBA), cryotherapy and micro-
wave ablation. Endometrial ablation is usually used as
second-line therapy in patients for whom medical
treatment is not successful or not suitable, especially
those with a high surgical risk. TRCE and TBA are the
most commonly used techniques and are equally and
highly efficient [123], but after 4 years the difference
from medically treated patients is small [124].

Transcervical myomectomy Hysteroscopic resection
of myomas (TCRM) that are accessible from the 
uterine cavity (i.e., submucosal fibroids) is an efficient
method to reduce MBL without performing a full-
scale hysterectomy [125]. However, 20–30% of these
patients will undergo an additional operation within 

3 years. Risk factors for repeated operations are a
large uterus, multiple myomas and a disadvantageous
location of the myomas [126].

Medical treatment of menorrhagia
Medical treatment of menorrhagia can be divided into
hormonal and non-hormonal treatment. The medical
treatments are with some exceptions administered
orally. Exceptions are the hormone-containing intra-
uterine system (IUS) and combined contraceptives,
either transdermally or vaginally. It is also possible 
but uncommon, because of poor cycle control, to 
treat menorrhagia by administering progesterones
parenterally, e.g., by injections or implants. However,
improved cycle control has been reported when con-
tinuous progesterone is combined with intermittent
antiprogesterone treatment[127, 128]. This may pro-
vide an alternative when contraception is also desired.
The four most effective and best accepted medical
treatments are listed in Table 2.2.

Hormonal treatment of menorrhagia

Intrauterine progesterone compounds The 
levonorgestrel-containing intrauterine system (LNG-
IUS) Mirena/Levonova is the most effective medical
treatment for menorrhagia [129]. Its action is to
reduce the endometrial growth by continuous release
of levonorgestrel, 20 μg/24 hours. The device lasts for
5 years. It reduces MBL by up to 96% [130–132] and
induces amenorrhea in 20% of users. The LNG-IUS is
also a highly efficient contraceptive with a pearl index
of 0.09–0.18 [133, 134]. The most common reason
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Table 2.2 Medical treatment of menorrhagia

Most effective medical treatments for pure menorrhagia

Therapy Reduction on MBL (%) Side-effects

Intrauterine levonorgestrel 90–96 Irregular bleeding

Combined oral contraceptives 43 VTE, breast tenderness, nausea, weight gain

Antifibrinolytics 50–53 Gastrointestinal side-effects (nausea, stomach ache, diarrhea)

NSAIDs 25–47 Gastrointestinal side-effects (peptic ulcer). Increased bleeding due 
to undiagnosed bleeding disorder

MBL, menstrual blood loss; NSAIDs, non-steroidal anti-inflammatory drugs; VTE, venous thromboembolism.
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for discontinuation of treatment is bleeding irregular-
ities, often during the first 3 months of treatment.
Discontinuation rate can be reduced with thorough
pretreatment counseling.

Combined contraceptives Combined contraceptive
hormones, containing both estrogen and a proges-
tagen, reduce MBL by inducing regular shedding of a
thinner endometrium and inhibiting ovulation. The
average effect of combined oral contraceptives (COCs)
on MBL is a reduction of approximately 43% [135].
The most serious side-effect is venous thromboembol-
ism (VTE), the incidence being approximately doubled
in otherwise healthy users [136]. The development 
of combined contraceptives administered dermally or
vaginally has further broadened their use.

By induction of “extended cycles,” i.e., treatment
without discontinuation for 3 months or more, the
reduction in MBL has further improved [137]. The
effect depends on the cycle design but amenorrhea for
up to 12 months can be achieved. One drawback is
uncontrolled breakthrough bleeding if the cycle length
is too long.

Oral progesterone compounds Cyclical treatment
with oral progesterones can have a certain effect 
on MBL in women with anovulatory bleeding dis-
turbances. Pure menorrhagia however is normally not
treated with cyclical oral progesterones. To achieve an
effect it is necessary to prolong the treatment period
to 22 days per cycle, which can give a reduction of up
to 87% on MBL [132]. Owing to side-effects, only
one-quarter of the treated patients want to continue
treatment after 3 months.

Gonadotropin-releasing hormone agonists GnRH
agonists induce anovulation and reduce MBL, often
amenorrhea. It is routinely used in the treatment 
of endometriosis and as pretreatment before some
types of uterine surgery, such as TCRM, TCRE, or
abdominal myomectomy. However the treatments
have side-effects associated with hypoestrogenicity,
such as vaginal dryness and hot flushes [138], and
treatment is limited to 6 months due to the risk of
excessive bone demineralization.

Androgens Danazol is an androgenic substance that
reduces MBL by up to 80% [139] by its action on 
the hypothalamic–pituitary–ovarian axis suppressing

ovarian function. It also exerts a direct suppression on 
the endometrium and induces atrophy. However, the
androgenic side-effects are severe, and notably to a
large extent irreversible. As permanently changed hair
growth and a deepened voice is not acceptable by
women, the treatment is hardly used nowadays.

Antiprogesterone The antiprogesterone mifepristone
(RU486) as well as other antigestagens are licensed
and routinely used for termination of pregnancy in a
number of nations worldwide. It has been shown that
it is also possible to use it as a contraceptive [140],
with the beneficial effect of reduced MBL. Ovulation
was suppressed in 60–70% of women and 65–90%
were amenorrheic. Six percent of the women experi-
enced hot flushes during the 3-month treatment.
Further studies are needed to evaluate the usefulness
of mifepristone for these indications.

Non-hormonal treatment of menorrhagia

Antifibrinolytics The use of antifibrinolytic therapy in
menorrhagia is based on augmented local fibrinolysis
due to an increased concentration of plasminogen
activator in the endometrium. Antifibrinolytic com-
pounds displace plasminogen from the surface of
fibrin, thereby preventing its activation by fibrin-
bound tissue activators [141]. The clinically used
fibrinolytic compounds are epsilon-aminocaproic acid
(EACA, e.g., Amicar) and tranexamic acid (TA;
amino-methyl-cyclohexane-carboxylic acid, AMCHA;
e.g., Cyklokapron, Cyklo-F). TA, which is six to eight
times more potent than EACA [142], is associated
with fewer side-effects and thus a better treatment
option.

TA reduces menstrual blood loss dose depend-
ently up to 50–53% [143, 144]. Its use is widespread
mainly in the Scandinavian countries. Although it is 
an efficient treatment, it has until recently been one 
of the least frequently prescribed therapies in the
United Kingdom and it is not used for treatment of
menorrhagia in primary care in the USA. In the USA a
study has been performed to evaluate the effect and
improvement in the QoL with a sustained-release for-
mulation of TA. This earlier reluctance to prescribe
antifibrinolytics may be due to possible side-effects of
the drugs. As these medications slow the breakdown
of clots, there has been concern that antifibrinolytic
agents may be associated with an increased risk of
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VTE. However, studies in Sweden [145, 146], as well
as international studies [147], have shown that the
incidence of thrombosis in women treated with TA is
comparable with the spontaneous frequency of throm-
bosis in untreated women. There are some common
but less severe side-effects. Gastrointestinal side-effects
domin-ate, e.g., nausea, abdominal pain, and diar-
rhea. This is related to relatively poor gastrointestinal
absorption, giving the drug a bioavailability of 35%.
Gastrointes-tinal side-effects are the most common
reason for discontinuing treatment and a main reason
for reducing the dose, resulting in reduced effect. It is
also the rationale for developing sustained-release for-
mulations. A prodrug of TA with an improved uptake
and bioavailability has also been studied but has never
been developed for the market, despite promising pre-
liminary results [148].

NSAIDs Individual NSAIDs used for the treatment 
of heavy menstrual bleeding include mefenamic 
acid, naproxen, ibuprofen, flurbiprofen, meclofenamic
acid, diclofenac, indomethacin, and acetylsalicylic
acid. Studies have not been able to show a consistent
difference in clinical efficacy between individual pro-
staglandin inhibitors, although there are individual
women who seem to respond well to one agent but less
well to another. The range in effect on reduced MBL
with NSAIDs is from 25% to 47%, depending on 
the agent and the dosage used [149, 150]. The main
side-effect of NSAIDs is gastrointestinal symptoms
and they increase the risk of peptic ulceration. In 
individuals with reduced platelet function or a hemor-
rhagic diathesis such as mild VWD and platelet 
dyusfunction, NSAIDs increase the risk of bleeding
because of their antiplatelet effect.

Desmopressin With increased awareness of the high
prevalence of bleeding disorders in women with menor-
rhagia there is a need for new therapeutic tools: effect-
ive, harmless medical treatment aiming at correcting
the underlying cause of menorrhagia. Desmopressin
(DDAVP, 1-desamino-8-d-arginine vasopressin) is a
treatment option that has been used for patients with
hemophilia A and mild VWD since the early 1980s.
Desmopressin is a synthetic analog of the antidiuretic
hormone vasopressin. It releases von Willebrand factor
(VWF) from the endothelium and increases the level in
circulation [151–153]. It also increases plasma con-
centrations of coagulation FVIII. Furthermore, there 

is an increase in platelet adhesiveness. The maximal
hemostatic effect is achieved with a dosage of 0.3 μg/kg
intravenously [152]. Intranasal administration of 300 μg
desmopressin by nasal spray (Octostim) gives a
slightly lower response and is comparable to 0.2 μg/kg
intravenously [152, 154, 155]. The intravenous route
(0.3 μg/kg) is used mostly in connection with surgery
or large bleedings, whereas the intranasal spray (300 μg)
is used for home treatment, for bleedings such as 
epistaxis or menorrhagia, after minor trauma, or as
cover for tooth extractions or minor surgery.

Two articles have reported a positive effect of
desmopressin on menorrhagia given to women with-
out a known bleeding disorder [156, 157]. These 
studies showed that nasal desmopressin might be a
possible complement in the treatment of menorrhagia.
Further studies are needed to evaluate efficacy, 
optimal dosage, and safety.

Further discussion on the treatment of menorrhagia
in women with different bleeding disorders is found in
Chapters 3–7.
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Inheritance

Hemophilia A and B are X-linked recessive bleeding
disorders caused by a deficiency of factor VIII (FVIII)
or IX (FIX) respectively. Hemophilia A and B mostly
affect males, and females are carriers. Carriers have
one affected chromosome and therefore the clotting
factor is expected to be around 50% of normal (50–
150 IU/dL). However, a wide range (22–116 IU/dL) 
of values has been reported [1] as a result of random
inactivation of one of two X chromosomes, the 
process known as lyonization [2].

Carriers of hemophilia have a 50% chance of 
passing on the gene defect to their offspring; in each
pregnancy there is a 50% chance of having an affected
son or a 50% chance of having a daughter who will
also be a carrier of the condition (Fig. 3.1).

The severity of the factor deficiency remains constant
through generations of a kindred and thus carriers can
be informed whether their risk is for severe (<1 IU/dL)
or non-severe (>1 IU/dL) hemophilia according to the
index case within the respective kindred.

There is a specific genetic defect or mutation causing
the hemophilia in each family – this is discussed in detail
in Chapter 8. Certain genetic defects carry a higher
risk of inhibitor development [3] and this information
can be provided for the potential carrier.

Laboratory diagnosis

Clotting factor level

The level of factor VIIIC (FVIIIC) or factor IXC (FIXC)
can be measured in plasma. The normal range is 50–
150 IU/dL in many laboratories, although the ISTH
(International Society on Thrombosis and Haemostasis)
has defined the lower limit of normal as 40 IU/dL [4].

In practice, elevation of FVIII can be caused by a
number of factors including stress and exercise – this
may be a complication of venipuncture in children.
The proportion of females who can be diagnosed as
carriers by a low clotting factor varies – an early
(1962) study showed 60% [5]; in the previously
quoted study it was 28% [1]; and in a more recent
study 62 of 225 (35%) carriers had levels less than 
40 IU/dL [6]. It is important to recognize that a carrier
may have a normal clotting factor level, and the level
does not correlate with the severity of hemophilia in
the family.

The factor VIII activity to factor VIII-related 
antigen ratio

Until molecular diagnosis became possible, the main-
stay of laboratory diagnosis of carriers of hemophilia
A was the ratio of FVIII activity to FVIII-related 
antigen. This may be the only method available in 
less resourced countries. In a “blind” study designed
to detect carriers of hemophilia, it was found that 
the lowest ratio in the control group was 0.61 and 
that 71% (24/34) of carriers had a ratio less than 0.61 
[1] (Fig. 3.2). This is not applicable to carriers of
hemophilia B.

3 Hemophilia A and hemophilia B
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Genetic diagnosis

It is now possible to perform genetic diagnosis (see
Chapter 8). In severe hemophilia A, approximately
50% of families carry an inversion of intron 22 – a
rearrangement of the long arm of the X chromosome
[7] and thus it may be possible to confirm carriership
without knowledge of the mutation in the index
patient within a family. However, for most potential
carriers it is necessary to know the mutation in the
index family member and such mutations are listed on
the HAMSTeRS database (http://europium.csc.mrc.
ac.uk) for hemophilia A. In hemophilia B, almost
every family has a unique mutation and in the UK
most of these have been identified [8].

Bleeding in carriers of hemophilia

Women who are carriers of hemophilia and who have
a low clotting factor level can be considered as hav-
ing “mild hemophilia.” It is therefore important to

consider the bleeding risk of these individuals outside
the context of pregnancy and the possible delivery of a
hemophilic child.

The effect of heterozygous carriership on the occur-
rence of bleeding symptoms was investigated by use of
a questionnaire in The Netherlands [6]. The median
clotting factor level in carriers was 0.60 IU/mL (range
0.50–2.19) compared with 1.02 IU/mL (range 0.45–
3.28) in non-carriers. It was found that the risk of
bleeding from small wounds was two times higher in
carriers (RR 2.2, 95% CI 1.4–3.5) and joint bleeds
were reported by 8% of carriers compared with 5% of
women not carrying hemophilia (RR 1.9, 95% CI
1.4–3.5). Tooth extraction had been performed in
228 carriers and 219 non-carriers, and the risk of
bleeding was two times higher in the carriers (RR 2.3,
95% CI 1.5–3.40). A total of 123 carriers and 122
non-carriers underwent tonsillectomy or adenoidec-
tomy: 24% of carriers and 13% of non-carriers
reported bleeding for more than 3 hours after opera-
tion. Women with a clotting factor level <0.40 IU/mL
had a three times (RR 3.3, 95% CI 0.7–5.7) increased
risk of prolonged bleeding after operation compared
with those with a clotting factor level of 0.60 or above.
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Fig. 3.1 The inheritance of hemophilia.
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Fig. 3.2 The factor VIII activity to factor VIII-related
antigen ratio. (a) Distribution of values of factor VIII activity
in normal women and obligatory carriers of hemophilia. 
(b) Duration of values of the ratio of factor VIII activity to
factor VIII-related antigen in normal women and obligatory
carriers of hemophilia. Reproduced with permission from
Rizza et al. [1].
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Thus it is important that carriers of hemophilia with
a lower than normal clotting factor should be issued
with a card showing the level in order that appropri-
ate treatment can be given prior to intraoperative
intervention, including dental procedures. For carriers
of hemophilia A treatments include tranexamic acid,
DDAVP (desmopressin) and FVIII concentrate. For
carriers of hemophilia B treatment includes tran-
examic acid and FIX concentrate.

Genetic counseling and carrier detection

The purpose of genetic counseling is to provide 
the potential carrier and her parents or partner with 
adequate information to reach a decision regarding
carrier testing and prenatal diagnosis and to provide
support throughout the process [9]. Genetic coun-
seling requires an empathetic, good communicator
who has a detailed knowledge of hemophilia, genetics,
molecular biology, and prenatal diagnostic procedures
(Chapter 9). Counseling is a way of addressing the
implication of the information that is given. It is a two-
way process enabling a better understanding between
the patient and healthcare worker about the full range
of issues. Genetic counseling in hemophilia focuses on
the medical condition (what it is, how it is treated, and
how it is passed from generation to generation), per-
sonal and relationship concerns related to hemophilia,
and beliefs and wishes about the person discussing
possible inheritance, as well as on those who might be
affected [9].

Ethical considerations include human rights, issues
surrounding consent, and those relating to confiden-
tiality. Sometimes the best interests of the person with
hemophilia and the partner, sister, or child of a carrier
can be in conflict – genetic counseling needs to address
and consider these issues.

A framework for genetic service provision has been
provided as a guideline by the UK Haemophilia Centre
Doctors’ Organisation (UKHCDO) [10] and this
includes detailed guidance for carrier diagnosis and
antenatal diagnosis which is summarized in Table 3.1.

The pedigree or family tree is the first step in carrier
diagnosis. The daughter of a man with hemophilia is
an obligate carrier and thus her sons have a 50%
chance of having hemophilia and her daughters have a
50% chance of being a carrier. Within a family where
an index patient with hemophilia has been identified,
many of the females may be at risk of being carriers.
However, in many countries, more than 50% of newly
diagnosed cases are sporadic [11]. In the mother of a
child with sporadic hemophilia there is the possibil-
ity of mosaicism, a mixture of normal and mutation-
carrying cells. It is important to establish maternal 
carriership before pregnancy and certainly before
embarking on prenatal diagnosis (Chapter 9).

Testing the carrier status of healthy children

The testing of carrier status of healthy children for
recessively inherited conditions has recently been
reviewed [12]. There are ethical issues about who can
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Table 3.1 Counseling and consent for genetic testing in hemophilia

1 Establish that hemophilia is present in the family and determine the type and severity
2 Establish a family pedigree (tree) to exclude carriers and identify possible or definite (obligate) carriers
3 Provide a full explanation of the potential clinical effects of being a hemophilia carrier or affected male
4 Provide information about current treatment options and the implications of the condition
5 Provide a full explanation of the mode of inheritance of hemophilia
6 Discuss the rationale for identifying the genetic defect in patients with hemophilia
7 Outline the means by which carrier status is assessed
8 Discuss what is involved in genetic testing (consent, sample collection, transfer/storage of data, research projects on 

stored material, risk of error)
9 If appropriate, advise on the techniques for antenatal testing

10 Provide an opportunity to ask questions
11 Provide an opportunity for the individual being consulted to summarize the information that has been discussed
12 Provide a patient information sheet and an opportunity for a follow-up appointment
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give consent and what is the earliest age testing should
be offered.

In a statement by the United Nations Convention 
on the rights of the Child, it was held that any action
or decision affecting this group should be in their
“best interests” [13]. In the UK young people can give
consent medically from the age of 16 years, but they
can also give specific consent when under 16 if they are
seen to have sufficient understanding and intelligence
to allow them to fully understand what is being 
proposed – the “Gillick Competency Test” [14].

The World Health Organization (WHO) and pro-
fessional organizations in the UK and the USA have
largely agreed the reasons for genetically testing 
children. These should be to improve their medical 
care rather than to obtain reproductively significant 
information [10, 15–17]. A more flexible approach
suggests that when thinking about the carrier testing
of children, the health professional should recognize
the dynamics and cohesion within the family [18]. A
recent systematic review of guidelines and position
papers has found an overall agreement in the recom-
mendation to wait until children can give informed
consent, but there were some exceptions [19].

One of the few papers to consider the age of testing
by the hemophilia community itself was a survey on
“the attitudes towards and beliefs about genetic test-
ing in the hemophilia community” [20]. There were
in-depth face to face interviews with 39 individuals,
including men with hemophilia, female carriers, and
family members. Most thought that testing was neces-
sary for adolescent girls to determine carrier status 
to help prepare families for a child with hemophilia,
rather than leading them to choose to terminate a
pregnancy or not to have children.

Carrier diagnosis may be suggested by a low level of
FVIII or FIX [1]. Clearly, because this is associated
with an increased bleeding risk [6] it is recommended
that the respective clotting factor is measured in young
obligate carriers [10]. The ethical debate is redundant
in these situations.

Diagnosis of carriership before pregnancy

It is important that carriership is diagnosed before 
pregnancy. The delay in diagnosis and subsequent mor-
bidity was demonstrated in a study of 73 hemophilia
patients and their mothers. Although a positive family
history was present in 52 gravidae, 16 (31%), 15 of

whom were carriers of non-severe hemophilia, were not
aware of their carrier status at the time of delivery
[21]. In the mothers who were unaware of carriership
there was more frequent instrumental delivery, which
is a significant risk factor for intra- or extracranial
bleeding in newborn hemophilic babies [22].

Menorrhagia

Carriers of hemophilia may experience heavy men-
struation with prolonged menstruation, episodes of
flooding, and passage of clots [23].

Menorrhagia is defined as menstrual loss of more
than 80 mL per period [24]. A pictorial blood assess-
ment chart (PBAC) was developed to provide a 
practical way to assess menstrual blood loss [25]
(Appendix ii).

Menstrual loss was assessed in 30 carriers of hemo-
philia using the PBAC. The median menstrual score
was significantly higher in 113 carriers of hemophilia
than in 73 age-matched control subjects. The incid-
ence of menorrhagia was 57% compared with 29% in
the age-matched control group [23].

Carriers of hemophilia may consider heavy men-
struation as normal because the menorrhagia usually
starts at the menarche. Other family members may
also be carriers and have excessive menstrual loss;
therefore, these women may not consider their men-
strual loss to be greater than other women [26].
Furthermore, the issues relating to reproduction and
having a hemophilic child are often of greater concern
for these women. It is therefore important that women
are asked about their periods, and an assessment is
made using the PBAC and measuring hemoglobin and
ferritin.

Heavy, prolonged, and irregular menstrual periods
are frequent complaints in adolescent girls. This is
likely to be due to immaturity of the hypothalamic–
pituitary–ovarian axis [27]. Menstruation may be the
first hemostatic challenge faced by girls who are car-
riers. It is therefore important to establish the clotting
factor level before the onset of menarche in obligate
carriers and girls with a positive family history. Plans
should be made in anticipation of the possibility of
acute menorrhagia at the onset of menarche if the
FVIII or FIX are abnormal [28].

Treatment of menorrhagia in these patients with
FVIII deficiency is discussed further in Chapter 4 (von
Willebrand disease) and Chapter 7.
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Treatment of menorrhagia in carriers of hemophilia
A and B

Management of menorrhagia involves consideration
of the age of the patient, childbearing status, and 
her need for contraception as well as preference in
terms of perceived efficacy and side-effect profile. The
therapeutic options in women who are carriers of
hemophilia A and B include medical treatment, non-
hormonal and hormonal, and surgical treatments.

Hemostatic therapy for carriers includes antifibrin-
olytic therapy (tranexamic acid), DDAVP (addressed
in Chapters 2 and 7), and treatment with coagulation
factors.

Clotting factor concentrate

Excessive menorrhagia in a carrier of hemophilia B
(FIX deficiency) or hemophilia A (FVIII deficiency)
where other therapeutic options are not possible can
be controlled by monthly self-administration of the
respective clotting factor concentrate. However, this is
extremely rare but is more often used in severe von
Willebrand disease (VWD) (Chapter 4).

Carriers of hemophilia A and B 
and pregnancy

Antenatal management

Serum FVIII levels have been shown to increase
significantly in carriers of hemophilia A during preg-
nancy. Although the majority of patients will develop
levels within the normal range, the rise is variable, and
a small proportion may still have low levels at term
[29–31]. In contrast, FIX levels do not rise in carriers
of hemophilia B [29–31] (Fig. 3.3).

The risk of bleeding in early pregnancy and miscar-
riage is unknown in carriers of hemophilia, but there is
evidence that the risk of antepartum hemorrhage –
bleeding after 24 weeks’ gestation – is not increased
[29, 30].

Women may be exposed to various hemostatic 
challenges during pregnancy, including prenatal dia-
gnostic techniques, termination of pregnancy, and
spontaneous miscarriage. All of these may be com-
plicated by excessive and prolonged hemorrhage.
Therefore, prophylactic treatment with appropriate
clotting factor concentrate should be considered.

The FVIII level often rises to within the normal
range at term, but the FIX level remains at the baseline
level (Fig. 3.3); it is recommended that both FVIII 
and FIX levels are checked at booking in, and at 28
and 34 weeks of gestation [28]. This is particularly
important in patients with low pre-pregnancy levels.
Monitoring in the third trimester is essential in order
to plan the management of labor and the provision 
of prophylactic treatment to decrease postpartum
hemorrhage.

DDAVP

Administration of 1-deamino-8-arginine vasopressin
(DDAVP) is generally useful for the prevention and
treatment of bleeding in mild and moderate hemophilia
A. However, the use during pregnancy is controversial
because of the risk of DDAVP causing uterine contrac-
tions and preterm labor, but DDAVP is very specific to
V2 receptors and has little effect on the uterine smooth
muscle V1 receptors [32]. Desmopressin may cross the
placenta and there is a potential risk of maternal and
neonatal hyponatremia if given immediately before
birth [33]. The use of antepartum DDAVP for the
management of diabetes insipidus in a smaller dose
than required for hemostatic purposes was reviewed in
53 cases and was not associated with prematurity, low
birthweight, or any serious effect on maternal health
or neonatal wellbeing [34]. A series of 30 women were
treated safely early in the antenatal period using
DDAVP [35].
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Fig. 3.3 Changes in the factor VIII (FVIII) and factor IX
(FIX) levels during pregnancy in carriers of haemophilia.
–––––, FVIII; -------, FIX. Reproduced with permission 
from Chi et al. [31].
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DDAVP can be used in labor and the 
postpartum period

Clotting factor concentrates
Plasma-derived clotting factor concentrates, treated
with the currently available virucidal methods, carry 
a negligible risk of transmitting the hepatitis B and 
C viruses and HIV [36]. However, they may not 
be effective against hepatitis A and parvovirus B19
[37] and emerging infections such as variant CJD.
Parvovirus infection in pregnant women is of particu-
lar importance because it can cause severe fetal infec-
tion and hydrops fetalis. Therefore, it is recommended
that recombinant FVIII and FIX should be used in
pregnant carriers of hemophilia A and B [28].

Labor and delivery
A comprehensive review is given in Chapter 10.

Invasive monitoring using fetal scalp electrodes and
fetal blood sampling are commonly used in labor and
during delivery. Male fetuses affected with hemophilia
are potentially at risk of scalp hemorrhage from the
use of these techniques [38]. It is therefore recom-
mended to avoid their use in fetuses at risk [28].

Babies with hemophilia are at risk of serious head
bleeding, including cephalohematoma and intracra-
nial hemorrhage, from the birth process (see Chapter
12). Thus, the safest method of delivery of fetuses 
at risk remains controversial. A survey in the USA
reported that 11% of obstetricians preferred to deliver
pregnant carriers of hemophilia by cesarean section
[39]. In a review of 117 children with moderate 
to severe hemophilia born between 1970 and 1990, 
23 neonatal bleedings were associated with delivery 
[40]. The risk of head bleeding was 3% with vaginal
delivery, 64% with vacuum extraction and 15% with
cesarean section. It was concluded that the risk of ser-
ious bleeding during normal vaginal delivery is small
and that delivery of all fetuses at risk of hemophilia by
cesarean section does not eliminate risk. In the USA it
is being advised that pregnant carriers should undergo
cesarean section because of the potential for litigation.
However, the risk is significantly increased by the use
of vacuum extraction or forceps, or after a prolonged
second stage of labor and prolonged pushing [30, 40].
A recent review of the outcome of pregnancy in 53 car-
riers of hemophilia and 65 live births over a 10 year
period showed a cesarean section rate of 47% [31].
However, there was also a rising cesarean rate in the

general UK population – 10.4% in 1985, 15.5% in
1994/5, and 21.5% in 2000/01 [41]. It is inevit-
able that with the restrictions of the use of invasive
monitoring the cesarean section rate will increase and
also increasing patient demand may play a part.

Thus it is recommended that prolonged labor, espe-
cially prolonged second stage, and delivery by vacuum
extraction and mid-cavity rotational forceps should be
avoided in affected male fetuses whose coagulation
status is unknown. Delivery should be achieved by the
least traumatic method, and early recourse to cesarean
section should be considered.

Third stage of labor and puerperium

Carriers of hemophilia, particularly those with low
factor levels, are at risk of postpartum hemorrhage
(PPH). Although the level of FVIIIC rises during preg-
nancy it falls to pre-pregnancy levels at an unpre-
dictable rate postpartum. In one study there were 
five PPHs and a large perineal hematoma in 43% preg-
nancies in hemophilia carriers [33]. In a further study
there was a significantly higher incidence of prolonged
bleeding after delivery among hemophilia carriers
(22%) than in the control group (6%) [6]. The risks of
primary and secondary postpartum hemorrhage were
respectively 22% and 11% in 82 pregnancies reviewed
in the UK [30]. It is concluded that the maternal FVIII
or FIX level has a significant influence on bleeding.

Therefore post-delivery factor levels should be
checked daily and maintained above 50 U/dL for at
least 3–4 days or 4–5 days if a cesarean section has
been performed. Consideration should be given to
treatment with tranexamic acid [28].
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Introduction

In 1926, Erik von Willebrand [1] reported a kindred
with mucocutaneous bleeding symptoms. The index
case in the kindred was a female who had multiple
mucocutaneous symptoms. She bled to death at the
time of her fourth menstrual period. Furthermore, 
16 of the 23 affected members of this kindred were
females. More recently many studies have clearly docu-
mented the obstetrical and gynecological morbidity 
in females with von Willebrand disease (VWD). This is
summarized in Fig. 4.1. The majority of these patients
will develop menorrhagia (≥80%) and up to a half
have undergone surgical intervention such as hysterec-
tomy for control of the menorrhagia [2, 3]. In addi-
tion, persistent menorrhagia clearly impairs quality of
life compared with women in the normal population
[3–6]. This chapter will discuss the epidemiology and
clinical presentation of VWD in women. Therapy with
hemostatic agents will be discussed in this chapter
whereas gynecological management will be discussed
in Chapter 7. Postpartum hemorrhage related to VWD
will be discussed in Chapter 10.

Epidemiology of von Willebrand disease
in women

Menorrhagia is a public health challenge [7]. Insur-
ance data and healthcare services research estimate

that at least 5–10% of women of reproductive age will
seek medical attention for menorrhagia [8, 9]. The
World Health Organization estimates that 18 million
women worldwide have menorrhagia [10]. Within a
year of seeking medical attention, such a patient has
up to a 50% probability of undergoing a surgical inter-
vention [11]. Historically, the causes of menorrhagia
have focused on gynecological and endocrinological
conditions in terms of organic pathology (primarily
fibroids) and anovulation/hormonal imbalance with
remaining etiologies being systemic disorders such as
hypothyroidism [12] and iatrogenic causes including
intrauterine devices and use of anticoagulants [9]. It
has only been in the past decade that underlying dis-
orders of hemostasis such as VWD have been clearly
recognized as an important etiologic/contributory 
factor [7].

A systematic review [13] has summarized the over-
all prevalence of the laboratory diagnosis of VWD in
women presenting with menorrhagia to be 13% (95%
CI 11–15.6%) of a total of 988 women in 11 studies
(see Fig. 4.2). However, this does not represent a
worldwide prevalence of VWD since these studies
have been primarily from Europe and North America.
Recently, though, a well-conducted prevalence study
for VWD and other hemostatic disorders in women
presenting with menorrhagia (n = 120) in India
reported a similar prevalence of 11.6% [14].

Only two studies [15, 16] necessitated the “gold
standard” measurement of increased menstrual flow,
spectrophotometric measurement of menstrual blood
loss being defined as more than 80 mL, whereas the
largest study [17] employed a pictorial blood assess-
ment chart (PBAC) measurement of menstrual blood
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loss that has been shown to have a sensitivity and
specificity of approximately 85% for a score of ≥100
[18]. Furthermore, there have been numerous differ-
ences in the design of laboratory testing in these vari-
ous studies wherein two of the studies did not adjust
for the ABO type [15, 16]. There were also differences
between these studies in terms of when testing for

VWD was carried out in relation to the menstrual
cycle [17]. In both the Swedish [16] and the London
[17] studies, testing was done no later than day 7 of
menses. The least interindividual variation may occur
on days 5–7 as reported in the Swedish study [16].
Despite these numerous differences in clinical design
and laboratory testing, these studies have established
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• In one study QoL impairment was
 equivalent to a HIV + severe hemophiliac
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Fig. 4.1 von Willebrand disease (VWD)-related complications in females. D&C, dilation and curettage.
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that a substantial proportion of women presenting
with menorrhagia without an obvious gynecological
abnormality had a laboratory diagnosis of VWD.
However, screening of all women with menorrhagia 
is not feasible. In general, the probability of VWD in 
a woman with menorrhagia would be highest the
younger the patient and if there are multiple mucocut-
aneous bleeding symptoms. It should be pointed out
that the prevalence studies of VWD and menorrhagia
have involved a relatively “older” population of
women with the mean age of the diagnosis of VWD
being approximately 38 years. However, VWF levels
rise with increasing age [19] as discussed further in
this chapter under “Other laboratory issues.”

There have been few prevalence studies for an
underlying bleeding disorder in the adolescent menor-
rhagia population [20–24] and most of these studies
have focused on the inpatient and emergency setting.
Three studies included adolescents admitted to the
hospital for acute menorrhagia [21, 23, 24]. In another
study the records of adolescent females with menor-
rhagia presenting to the emergency department for
urgent care or who were admitted to the medical
wards were retrospectively reviewed [22]. A larger
cross-sectional prevalence study of 25 adolescent
women aged 13–55 years presenting in the prim-
ary care setting with the diagnosis of menorrhagia 
has been reported [26]. A further study included 
106 adolescents in an inpatient and outpatient gyneco-
logy tertiary care setting [24]. The mean prevalence 
of VWD was 8% from a total of 332 adolescents. In 
61 adolescents referred for hemostasis evaluation to 
a hemophilia treatment center, a prevalence of VWD
of 36% (22/61) (95% CI 24–49%) was found [25].

Table 4.1 reports the prevalence of VWD in the 
adolescent population.

The VWF level increases approximately 15 IU (inter-
national units) per decade [20] and therefore bleeding
symptoms, including menorrhagia, may be less pre-
valent in older women. Anovulation is common, par-
ticularly at the start (menarche) and at the end of the
reproductive lifespan (menopause). It is possible that
women with VWD are more susceptible to menor-
rhagia at those times [26].

A bleeding score [27] and a screening tool [28] 
have been used as a surrogate instead of the assess-
ment of VWF analysis in women presenting with 
menorrhagia.

Diagnostic aspects of von Willebrand
disease in women

The results of the epidemiological studies reviewed
above has led to relatively widespread VWD testing in
the female population [29], but there are important
factors that could significantly affect the laboratory
diagnosis of VWD [30]:
1 Do VWF levels significantly decrease during men-
struation such that the laboratory diagnosis of VWD
could be “missed” if testing is not done during 
menstruation?
2 Do estrogen-based medications (for contraception,
for hormone replacement) raise the VWF levels such
that the laboratory diagnosis of VWD could be
“missed”?
3 Do VWF levels vary in relation to the reproductive
cycle such that the laboratory diagnosis of VWD may
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Table 4.1 Prevalence of published studies of von Willebrand disease in adolescent menorrhagia

Study n Setting von Willebrand factor
deficiency (%)

Mikhail et al. 2007 [25] 61 Outpatient hematology clinic 36
Jayasinghe et al. 2005 [24] 106 Inpatient and outpatient gynecology department 5
Philipp et al. 2005 [89] 25 Outpatient primary care clinic 4
Bevan et al. 2001 [21] 71 Emergency department, urgent care and inpatient 8 
Oral et al. 2002 [23] 25 Inpatient 8
Smith et al. 1998 [22] 46 Inpatient 11
Claessens et al. 1981 [20] 59 Inpatient 5
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be more likely after menopause if VWF levels fall in
relation to falling estrogen levels?
4 Does race affect the VWF levels in women and 
subsequent laboratory diagnosis?

Relationship of VWF levels in regard to the 
menstrual cycle

Table 4.2 summarizes relevant laboratory studies of
VWF levels in relation to the menstrual cycle. Initial
reports regarding fluctuation of coagulation protein
levels were conflicting [19, 31]. No variation in factor
VIII coagulant activity (FVIII:C) (VWF levels were not
studied) was found during menses in 13 healthy women
over 6 weeks during five phases (early follicular 
phase, late follicular phase, early luteal phase, late
luteal phase, and menstrual period) [32]. Another
study reported a statistically significant fall in the
FVIII:C level at the end of menstruation in nine con-
trol subjects with the average FVIII:C level falling 
to 87.5% ± 31.5% at day 5–7 of menses compared
with a peak FVIII:C level of 117.0% ± 40.3% at day
14 [27].

A cohort of 15 controls with 10–16 samples from
each of 15 women sampled six times during a period
of 30 days showed a mean coefficient of variation of
16.1 ± 5.9 for FVIII:C, 18.8 ± 9.4 for von Willebrand
factor antigen (VWF:Ag) and 13.0 ± 4.9 for the VWF
ristocetin cofactor activity (VWF:RCo) with an intra-
individual variability in some subjects of ~40% [33, 
34]. There was no direct relation between these levels
and estradiol, progesterone, or testosterone levels and
a similar degree of variation of VWF levels was found
in male subjects, making it unlikely that there was
fluctuation of the VWF levels primarily because of 
the menstrual cycle. It was speculated that factors of

physical and mental stress [28, 35] were operative in
both sexes, accounting for intraindividual variation. It
was found that days 5–7 of the menstrual cycle were
associated with the least intraindividual variation and
the “most” representative sample of the menstrual
cycle [33, 34].

A longitudinal study of 39 normal menstruating
volunteers showed a statistically significant decrease
in fibrinogen, VWF:Ag, and VWF:RCo concentrations
during the first 3 days of menses with peak values in
the luteal phase [19]. However by cross-sectional ana-
lysis, no difference was noted. Similarly no difference
in VWF levels was found in another cross-sectional
study of 93 patients sampled at days 4–7, 11–15, 
and 21–28 [31]. There was no association between 
hormonal levels of estradiol, progesterone, or testo-
sterone with VWF or FVIII:C levels [36].

However, a more recent cross-sectional study
showed that the lowest VWF level (VWF:Ag and
VWF:RCo) was during the first 4 days of menses and
the highest levels were on days 9 and 10 [32]. Given
these conflicting results, it is most logical to advise the
clinician that, in the case of normal or borderline VWF
levels, repeat testing should be carried out during the
first 4 days of the menstrual cycle. Furthermore, this
would be a practical approach, as it is during those 
initial 3 days that the patient would be a candidate for
intranasal or subcutaneous desmopressin (DDAVP) in
raising the VWF levels [33, 37].

The studies noted above of possible menstrual 
variation of the VWF levels have involved controls.
Whether there is variation specific to the menstrual
cycle in women with documented VWD has been less
extensively studied, although, in general, relatively
significant fluctuation had been reported in both male
and female VWD patients [34].
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Lead author Methodological study Decrease in levels during menses

Siegbahn [90] Cross-sectional No (no change in FVIII:C level, 
VWF levels not studied)

Mandalaki [27] Cross-sectional Yes (decrease in FVIII:C but not 
VWF:Ag)

Kadir [19] Longitudinal Yes 

Onundarson [31] Cross-sectional No

Miller [32] Cross-sectional Yes

Table 4.2 Summary of FVIII:C and
von Willebrand factor levels in
relation to the menstrual cycle in
normal menstruating women
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Relationship of von Willebrand factor levels in regard
to hormonal therapy

Regarding oral contraceptive (OC) use, based on an
initial report over 20 years ago, showing that three
women with VWD had elevation of their levels when
prescribed conjugated estrogen (which is >10 times
the dose in present-day oral contraceptives) [38], there
has been a general reluctance of hematologists to 
test for VWD in women taking OC. The assumption 
has been that hormonal therapy might “mask” the
diagnosis [39]. Certainly at supra-physiological doses,
VWF levels can rise significantly as reported in three
particular clinical situations: (a) women receiving
supra-physiological dosing for ovarian stimulation in
the setting of infertility [36]; (b) post-menopausal
women deliberately taking high does of estrogen [40];
and (c) pregnancy in a type 1 VWD patient [41, 42].
On the other hand, in normal women exposed to much
lower doses of estrogen as contained in the second-
and third-generation OC preparations, the majority of
studies have shown no significant increase in the 
VWF levels [19, 43–46] with only a few exceptions
[47]. Interestingly, in two of these studies there was a
decrease noted in the VWF levels [19, 45], although
this was not statistically significant. As for studies of
VWF levels in women diagnosed with VWD, there
have been no studies of the impact of OC on the sub-
normal VWF levels. Intuitively, it is unlikely that OCs
significantly raise VWF levels in women with VWD as
present third-generation OCs do not raise VWF levels
in control subjects. However, a beneficial effect of
estrogen in the treatment of VWD-related menorrha-
gia in type 3 VWD patients has been reported [48, 49].

Other laboratory issues

Other factors that may have an impact on the labora-
tory diagnosis of VWD in women are race and age.
Recent studies have demonstrated higher VWF levels
in black women [19, 50, 51] with significantly higher
VWF:Ag and VWF:RCo [20] or VWF:Ag [52, 53] 
levels even after adjusting for the blood group. An age-
dependent increase in the VWF level independent of
race has also been shown, with an increase by an aver-
age of 0.17 and 0.15 U/mL VWF:Ag and VWF:RCo,
respectively, for each 10 year increase in age [19].
However, the mean age of this study group was 26 ±
5.5 years, so it is not known if this increase in VWF

levels continues towards menopause. Whether there is
a change in VWF levels at menopause affecting the
laboratory diagnosis of VWD is unknown, but it is
possible that VWF levels fall as endogenous hormone
production falls. However, published data contradict
this assumption [52, 54].

Clinical characteristics of VWD
in women

Women with VWD certainly have a very high relative
risk of menorrhagia compared with the general popu-
lation and the prevalence of menorrhagia by subject-
ive report has been between 78% and 97% in women
primarily with type 1 VWD [2, 3, 55]. Using the more
objective PBAC [18] it has been reported that 78% of
patients with VWD (primarily type 1) had evidence
of menorrhagia [2]. Conversely, the relative risk of 
a low VWF in a woman with menorrhagia has been
estimated at approximately fourfold [56].

Women with VWD use more tampons and pads than
non-VWD menstruating women and have frequent
staining of under clothes [3] and a higher prevalence
of anemia (28–66% [3, 4, 55]). These women also
have a much higher frequency of other mucocutan-
eous bleeding symptoms. In a study of 81 menstruating
type 1 VWD patients registered in four upstate New
York hemophilia treatment centers (HTCs), a com-
parison of various bleeding symptoms was carried 
out with a control cohort of 150 menstruating normal
volunteers. A series of multiple logistic regression ana-
lyses were performed using variables from an admin-
istered questionnaire. After three successive analyses,
the following variables were statistically significant:
age (the younger the age, the higher the probability of
VWD), history of dental work-related bleeding, past
or present history of anemia and a diminished quality
of life during menses in relation to family activities
[3]. In a study carried out by the Centers for Disease
Control (CDC) of Atlanta, USA, in a group of 102
women with VWD registered at HTCs, after multiple
logistic regression analysis, surgical-related bleeding,
excessive gum bleeding, and bleeding after minor
injuries retained statistical significance [6]. However,
epistaxis and bruising did not appear to be signific-
antly more common in the VWD cohorts. Indeed, in
one study, 24% of the normal menstruating control
group (compared with 78% in the VWD cohort)
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reported easy bruising, defined as bruises greater than
at least 5 cm in diameter at least once a month [3].
Table 4.3 summarizes the prevalence of these bleed-
ing symptoms compared with a control group of non-
VWD women from several recent studies [3, 6, 17].

Women with type 2 and type 3 VWD have not 
been so extensively studied as the women with type 1
VWD, but a study on behalf of the International
Society of Thrombosis and Haemostasis (ISTH) von
Willebrand Factor Subcommittee reported a high pre-
valence of menorrhagia and one-quarter of the patients
required hysterectomy [48]. Subsequent studies have
focused on the more common type 1 patient, and 
even in this population with milder depression 
of the VWF level there is a relatively high rate of 
hysterectomy for control of menorrhagia. A relatively
significant proportion (~8–26%) of type 1 VWD
patients historically have undergone surgical interven-
tions such as hysterectomy for control of menor-
rhagia [2–4, 6, 55, 57]. In a case–control study of 102
women with VWD carried out by the CDC, 26% had
undergone hysterectomy compared with 9% of con-
trols [6]. In two studies, there was also underlying
uterine pathology noted in the hysterectomy speci-
men, where it can be postulated that mild VWD may
“unmask” a uterine fibroid [2, 3]. In the CDC study, a

statistically higher rate of fibroids compared with age-
matched controls (32% vs 17%) was noted [6]. There
may also be a higher prevalence of endometriosis
(30% vs 10%), endometrial hyperplasia (10% vs 1%)
and endometrial polyps (8% vs 1%) in VWD women
than in controls [6]. It has been hypothesized that
VWD may exacerbate the presumed retrograde men-
strual flow implicated in the pathophysiology of endo-
metriosis [26]. The higher prevalence of endometrial
hyperplasia and polyps in VWD women has been
explained in terms of the VWD “unmasking” these
lesions [26].

In patients with type 1 VWD, the menstrual bleed-
ing will not be as dramatic as Erik von Willebrand’s
index case, who exsanguinated at the time of her
fourth period and has ultimately been found to be a
type 3 [58]. Nevertheless, the morbidity of menor-
rhagia in type 1 VWD is significant in terms of the pro-
portion of these patients undergoing an unnecessary
hysterectomy prior to the diagnosis of VWD (estimated
to be 10% of all women with VWD [3, 55]), and also
in terms of the cumulative morbidity of impairment of
quality of life because of monthly heavy menstruation.

Regarding psychosocial aspects, four studies com-
prising over 300 patients with VWD compared with
non-VWD women has shown unequivocally that these
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Table 4.3 Significant bleeding symptoms in women with von Willebrand disease (VWD)

Study

Royal Free London 1998 [17]

Upstate NY Hemophilia Treatment 
Centers study 2000 [3]

Centers for Disease 
Control – Atlanta 2002 [6]

Study population

26/150 women presenting with
menorrhagia subsequently diagnosed
with VWD (n = 26, presumed all type 1)

81 menstruating women registered at
hemophilia treatment centers, all type 1
VWD compared with a cohort of 150
menstruating volunteers

102 women with VWD registered at
hemophilia treatment centers compared
with 88 control subjects

Symptoms more common in VWD patients
than in non-VWD patients

Bruising
Dental-related bleeding
Surgical-related bleeding
Postpartum hemorrhage
Menorrhagia since menarche
Multiple bleeding symptoms

Age (the younger the age, the higher the
probability of VWD)
History of dental work-related bleeding
Past or present history of anemia
A diminished quality of life during menses
in relation to family activities.

Surgical-related bleeding
Excessive gum bleeding
Bleeding after minor injuries
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women do have impaired quality of life [3, 4, 6]. Two
very similar studies from London [4] and upstate New
York [3] had almost identical results in terms of
decreased quality of life and its effect on numerous
activities of daily living. Approximately 40% of women
with VWD from a group of 180 patients reported 
losing time from work or school in the last year [4, 5].
Dysmenorrhea was also reported in approximately
half the patients in both studies [4, 5]. In a Canadian
study using a standardized quality of life tool, women
with VWD assessed their own health status as being
compromised to an extent similar to that reported 
by HIV-positive severe hemophilic patients and even
greater than that experienced by adult survivors 
of brain tumors [5]. Furthermore, there was also a
negative impact in terms of cognition. The authors
hypothesize that this may be a result of chronic iron
deficiency anemia related to menorrhagia. However,
the sample size was small (n = 12), so further study is
needed to confirm these provocative findings [6]. A
report from Germany showed that women with VWD
had a significantly higher prevalence of anxiety than
the general baseline German population [57]. How-
ever, it should be emphasized that it had not been 
well established at this time if the impaired quality of
life during menses in VWD women is any more pro-
nounced than in the general menorrhagia population.

A high rate of mid-cycle pain, termed “mittlesmerz,”
has also been noted in women with VWD [3], and
these patients can develop an acute surgical abdomen
from hemoperitoneum due to bleeding into the corpus
luteum with subsequent rupture [59]. A report from
Sweden showed that nine of 136 women with VWD
(6.8%) experienced hemorrhagic ovarian cysts [52].
There have also been reports of bleeding into the
broad ligament with the patient presenting with a pos-
itive iliopsoas sign [60].

Management of von Willebrand disease
in women

Non-menstrual bleeding

For non-menstrual bleeding, the patient with type 1
VWD has several hemostatic options [53]: intranasal,
subcutaneous or intravenous, or antifibrinolytic ther-
apy [60], either tranexamic acid (TA) or epsilon-amino
caproic acid (EACA). EACA is approximately five
times less potent then TA [61] but is prescribed in lieu

of TA in the USA as TA is not approved by the Food
and Drug Administration. Combined DDAVP and
antifibrinolytic therapy is also an option. Patients are
educated beforehand that intranasal DDAVP car-
ries a risk of fluid retention as well as symptomatic
hyponatremia [62] if free water intake is not moder-
ately restricted for up to 24 hours postoperatively. 
The patient is also informed that DDAVP can cause
mild facial flushing, headache, palpitations, and hypo-
tension; these are all attributable to its vasomotor
effects [61, 63]. A trial is usually advised before pre-
scribing intranasal DDAVP for several reasons: (a) to
give instruction about proper intranasal administra-
tion; (b) to review potential side-effects; and (c) docu-
ment a biological response defined as at least a
twofold doubling of the VWF level.

Regarding antifibrinolytic therapy, the patient should
be warned of possible gastrointestinal complaints such
as nausea, vomiting, dyspepsia, or diarrhea. Symptoms
usually disappear with dose reduction. Hypersens-
itivity reactions such as rash occur occasionally [64]
and anaphylaxis to TA has been reported [65].
Uncommon (<1%) adverse events include change in
mood, giddiness, low blood pressure/orthostatic reac-
tions, myalgias, muscle tenderness, skin rash, and
alteration in color vision [61, 66]. We also inform
patients that both treatments carry a theoretical risk of
thrombosis [61]. There have been several reports of
acute myocardial infarction or cerebral thrombosis
associated with DDAVP use [67–69]. Consequently,
DDAVP should be used with caution in patients with
coronary heart disease and in those with coexisting
genetic prothrombotic conditions, such as factor V
Leiden and/or coexisting acquired prothrombotic 
conditions, including the postoperative setting, hor-
mone use, and smoking. A recent example is a case of
a transient ischemic event in a female smoker using
intranasal DDAVP for heavy menstrual bleeding 
in the setting of mild VWD [69]. There have been 
isolated reports of venous or arterial thrombosis or
embolism associated with the use of TA [70, 71] but a
causal relationship has not been established [66, 72].
Of interest, a review of the Swedish national registry
of venous thromboembolism events did not show an
increased rate after oral TA became available over the
counter for the management of heavy menstrual
bleeding [73]. On the basis of 10 years’ experience in
Sweden, oral TA is currently under consideration for
reclassification from prescription-only medicine to
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pharmacy availability in the UK for this indication
[61].

Menorrhagia

An algorithm for the management of menorrhagia is
shown in Chapter 7 and gynecological management
will also be discussed in detail in Chapter 7. This chap-
ter will focus on hemostatic therapy of VWD-related
menorrhagia.

Antifibrinolytic therapy
The rationale for this type of therapy is well founded
as several studies have demonstrated increased fib-
rinolysis in uterine fluid in women with menorrhagia
[74]. The seminal study was a three-arm randomized
comparison of oral tranexamic acid (1 g p.o. qid) 
versus ethamsylate – a general hemostatic agent – and
mefenamic acid – a prostaglandin synthetase inhibitor.
There were approximately 25 patients in each arm,
each with prior documented heavy menstrual blood
flow by the spectrophotometric method. There was 
a statistically significant 54% decrease in menstrual
flow compared with baseline in the tranexamic acid
arm, compared with no statistically significant decrease
with the other agents [75]. Further supportive evid-
ence for TA in menorrhagia has been through the 
evidence-based database of the Cochrane review
updated in 2007. It concludes that TA is an efficacious
agent in general for menorrhagia [76]. Despite the
widespread use of TA for decades for the general
menorrhagia population, there is a paucity of adequate
objective data on the efficacy of this treatment to
reduce MBL in women with VWD. There have only
been small case series specifically addressing the
efficacy and tolerability of TA [77–79]. In a study
from London, TA was successful as a first line therapy
in 40% of 37 women with bleeding disorder-related
menorrhagia by reducing MBL to a PBAC score of
<100 or to a woman’s satisfaction [80]. The actual
effective dose and frequency, however, remain unclear
at this time with a total of four women with VWD
reported in the literature who received once daily 
dosing of 5 g for three consecutive days [31, 78]. How-
ever, this may be associated with severe gastrointestinal
symptoms. There is also a new sustained-release for-
mulation (XP12B) of TA that could be dosed only 2 or
3 times a day. This is currently under study in the USA
[81].

DDAVP Historically, data in VWD-related menor-
rhagia have level C evidence (case series), with the 
subcutaneous form being rated very effective in 65%
of 14 women using it throughout 43 periods; it was
rated effective in 86% and rated no effect in 14% [82].
Another similar cohort study using the intranasal
form with 721 daily uses in 90 women reported 64%
as excellent, 28% as good, and 8% as no response
[37]. In both studies, assessment was by patient report
and not by the PBAC or the spectrophotometric method.
The efficacy of intranasal DDAVP in 39 women with
inherited bleeding disorders, 30 with VWD, was assessed
using the PBAC in a randomized control crossover
study [83]. Women were studied for two menstrual
periods with one spray in each nostril (either placebo
or 300 µg of DDAVP on days 2 and 3 of the period).
Regardless of whether the first treatment period
involved the placebo or the intranasal DDAVP, there
was a reduction in the PBAC score that was statistic-
ally significant (P = 0.01). There was a trend towards
a lower score if it was intranasal DDAVP, but this was
not statistically significant with no significant differ-
ence in quality of life in terms of absence from work or
school or avoidance of social activities or use of other
medications. Similar results were noted in a related
study of 20 women with menorrhagia and a prolonged
bleeding time comparing 300 µg of IN-DDAVP with
placebo [84]. There was no statistically significant
decrease in menstrual blood flow spectrophotometric-
ally with DDAVP compared with placebo. However,
there was a statistically significant decrease when
DDAVP was combined with TA.

In both studies, fluid intake was restricted to 
~1.5 L/day, but nevertheless weight gain was reported
in 12% of women using DDAVP compared with none
using the placebo [83].

In summary, more objective measurements of effi-
cacy have not shown as great a benefit of intranasal
DDAVP for VWD-related menorrhagia compared with
prior studies using subjective assessment as the end-
point of efficacy. However, a recent multicenter US
trial comparing crossover intranasal DDAVP and TA
using the PBAC for assessment of menstrual blood loss
(MBL) and four previously validated quality of life
measures has been completed [85]. The question
remains whether the efficacy of DDAVP can be improved
without an increase in the adverse event rate in terms
of altering the schedule from the standard use of one
puff to each nostril on days 2 and 3 of menses to twice
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a day dosing on the first 2 days, daily for three days, or
one puff to each nostril on days 2–7 [86]. Further
study of the efficacy and safety of combined therapy of
IN-DDAVP and antifibrinolytic therapy or hormonal
therapy is also needed.

Plasma-derived von Willebrand factor containing
FVIII concentrates
Approximately 10–15% of women with VWD will not
respond to DDAVP because they have either severe
type 1 VWD or type 2 or type 3 VWD [87]. In those
patients, for severe intractable menorrhagia refractory
to antifibrinolytic therapy and/or hormonal therapy
or for prophylaxis before surgery, a plasma-derived
von Willebrand factor containing FVIII concentrate
can be administered [53, 88, 89]. The dosing is typic-
ally 40–60 units/kg of VWF:RCo units for major
surgery and 20–40 units/kg of VWF:RCo units for
menorrhagia. 

Preliminary data from the Swedish type 3 VWD
prophylaxis registry shows there are patients requir-
ing prophylaxis for control of menorrhagia [90]. To
accrue further data and test a strategy of escalated
prophylaxis, an international prophylaxis study is to
be initiated in 2008 in women with types 2 and 3
VWD-related menorrhagia, with dosing initially at 
50 units/kg VWF:RCo units weekly, which in non-
responders in terms of the PBAC remaining >100 
will be escalated to twice a week then three times a
week.
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Introduction

The intrinsic and extrinsic coagulation pathways
involve a complex cascade of reactions leading ultim-
ately to the cleavage of fibrinogen to fibrin and forma-
tion of a fibrin clot by covalent cross-linking. Abnormal
activities of the enzymes or cofactors of this pathway
are predicted or known to lead to various forms of
coagulation disorders, the most common and best
documented of these being hemophilia A and hemo-
philia B, due to mutations in the genes for coagulation
factors VIII (FVIII) and IX (FIX) [1]. Hemophilia A
and B together with von Willebrand disease (VWD), a
defect of primary hemostasis associated with a sec-
ondary defect in coagulation FVIII, include 95–97%
of all the inherited deficiencies of coagulation factors
[2, 3]. The remaining so-called “rare bleeding dis-
orders” (RBDs), including deficiency of fibrinogen, 
factor II (FII), FV, combined FV + FVIII, FVII, FX, FXI,
and FXIII, represent 3–5% of all the inherited coagula-
tion disorders with a prevalence of the presumably
homozygous forms in the general population ranging
from approximately 1 in 500 000 for FVII deficiency
to 1 in 2 million for FII and FXIII deficiency [1, 4].
Exceptions to these low prevalences are countries with
large Jewish communities (where FXI deficiency is
much more prevalent) [5], Middle Eastern countries,
and Southern India [1]; in the last two cases, consan-
guineous marriages are relatively common, so that

autosomal recessive traits occur more frequently in
homozygosity.

An indication of the worldwide prevalence of 
RBDs compared with other rare bleeding disorders
comes from two available global surveys, performed
by the World Federation of Hemophilia (WFH, http://
www.wfh.org/2/7/7_0_Link7_GlobalSurvey2005.htm)
and the Rare Bleeding Disorders Database (RBDD,
www.rbdd.org). Although collected data are not homo-
geneous and information from a number of countries
is still lacking, because of the limited number of reli-
able national registries, especially in developing coun-
tries, a picture of the global distribution of RBDs is
emerging. According to these data, patients affected
by RBDs around the world seem to number approx-
imately 7000 (Fig. 5.1).

Since RBDs are autosomal recessive disorders,
roughly about 50% of patients are women. This
implies that the global distribution of RBDs reflects
also the global distribution of affected women, posing
important social and medical problems linked to the
women’s quality of life – these women have to face
excessive menstrual bleeding or menorrhagia, bleeding
complications during pregnancy and after delivery,
and the related complication of chronic anemia.

In the developed world, a good quality of life is
assured for patients with bleeding disorders with the
availability of prophylactic clotting factor support and
health insurance. However, in developing countries,
where the frequency of RBDs is significantly higher
(eight- to tenfold), the socioeconomical conditions are
poor. Apart from economic constraints, there are lim-
ited laboratory resources and scarce availability of
safe therapeutic products because factor concentrates
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usually cannot be made locally and imported products
are too expensive. This makes it particularly difficult to
achieve the appropriate level of treatment for women
living in developing countries.

Improvements in these countries requires an increase
in public sector spending [6, 7]. Thus because the 
care for bleeding disorders in these countries is not
optimal, preventive strategies are necessary for fam-
ilies at risk [8]. The availability of reliable antenatal
diagnostic facilities for bleeding disorders using mole-
cular genetic techniques is important, particularly if we
are to reduce the economic burden of these disorders.

Clinical symptoms

Patients affected by RBDs present a wide spectrum 
of clinical symptoms that vary from a mild or moder-
ate bleeding tendency to potentially serious or life-
threatening hemorrhages. As a consequence of the
rarity of RBDs, the actual management of bleeding
episodes is not well established; however, knowledge
of the spectrum of clinical manifestations of RBDs
is much greater after the description of three large
national registries from Iran, Italy, and North America
[9–16].

Some general conclusions can be drawn about the
spectrum of clinical manifestations. RBDs appear gen-
erally less severe than hemophilia A and B, life- and
limb-threatening symptoms such as central nervous
system and gastrointestinal tract bleeding, hemarthroses
and hematomas are definitely less frequent but are
more common in patients with afibrinogenemia, FII
and FX deficiency. Umbilical cord bleeding, typical of
afibrinogenemia and factor XIII deficiency, is also 
relatively frequent in FII, FV, and FX deficiency [1].
The most typical symptom, common to all RBDs, 
is the occurrence of excessive bleeding at the time 
of invasive procedures and surgery. An unexplained
common feature of these disorders is frequent mucosal
bleeding such as epistaxis, which is relatively uncom-
mon in the hemophilias [1].

Menorrhagia occurs in about 50% of women
affected by RBDs. Recurrent miscarriages, frequently
described in afibrinogenemic and FXIII-deficient women
[10, 11], are not common in women with other RBDs.
Postpartum bleeding often occurs if replacement ther-
apy is not administered for 2–3 days after delivery
[9–15]. Bleeding during pregnancy requires further
study.

Menorrhagia or heavy menstrual bleeding

Normal menstruation occurs every 21–35 days, lasts 
7 days or less, and results in 25–69 mL of blood loss 
per cycle. Menorrhagia is the medical term for excessive
blood loss as heavy menses lasting more than 7 days;
an objective definition is menstrual blood loss of more
than 80 mL per menstruation [17]. Menstruation may
be a source of inconvenience to women in general, 
but is significantly more so for women with excessive
blood loss, having a major influence on their lifestyle
and employment. Many women decide not to go out
at all during their periods, avoiding activities such as
working, shopping, taking part in sports, traveling,
and studying. Menorrhagia is a frequent problem that
afflicts women from menarche to menopause as well
as in the postmenopausal period. It has an enormous
impact on the lives of women and may affect 25–30% of
women at some point during their childbearing years.

Potential causes of excessive menstrual bleeding

Healthcare providers consider local and systemic dis-
orders as potential causes of menorrhagia. Local causes
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Fibrinogen 10%

FII 2%

FV 10%

FV + FVIII 3%

FVII 23%

FX 9%

FXI 37%

FXIII 6%

Fig. 5.1 Rare bleeding disorder distribution. For the derived
global frequency of each rare bleeding disorder, factor XI
(37%) and factor VII (23%) seem to be the most frequent
disorders followed by fibrinogen and factor V deficiency
(10%), factor X (9%), factor XIII (6%), and combined
factor V + factor VIII deficiency and factor II deficiency as
the rarest deficiencies (3% and 2%, respectively).
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include uterine and ovarian pathology (benign and
malignant), infections, and local endometrial defects.
Systemic pathologies include endocrine disorders (hypo-
thyroidism and diabetes mellitus), chronic cardiac and
renal disease, liver disease, and obesity, which can all
influence hemostasis [18]. In the last decade, studies
have found that 5–32% of women with menor-
rhagia have a bleeding disorder [19] (see Chapter 7).

A total of 101 women with severe RBDs among 
261 Iranian women of reproductive age showed that
the highest rate of menorrhagia is seen in women with
VWD (69%) and factor II deficiency (75%) [20].
Menorrhagia was found in 50% of women affected 
by factor V, VII, X, afibrinogenemia, and combined 
V + VIII deficiency [20]. There are other reports of the
prevalence of menorrhagia in women with RBDs, but
these prevalences are variable because of the small
numbers analyzed, mostly case reports and small case
series (Table 5.1). A more extensive analysis on a larger
group of affected women is thus required to evaluate
the real prevalence of menorrhagia and other gyneco-
logical problems [19].

Assessment of menstrual blood loss

The alkaline hematin technique has been shown to be
very accurate and reproducible, but it is not in routine
clinical use. It is difficult to quantify menstrual blood
loss objectively because it involves techniques that are
specialized, time-consuming, and require collection of
sanitary material by women. As a result, assessment of
menorrhagia in clinical practice is usually subjective
and often relies on the description provided by the
patient. This method is unfortunately inaccurate and
there is lack of correlation between a patient’s impres-

sion and the objective assessment of actual volume 
of blood loss. In an attempt to address this problem, 
a pictorial blood loss assessment chart (PBAC) was
developed (see Appendix ii) [24, 25].

A PBAC score >185 is taken as a cut-off to indicate
the presence of menorrhagia. However, this score
needs to be re-evaluated because of discordant data 
in the literature. The PBAC is strongly influenced by 
subjective judgment and a definite cut-off is not estab-
lished because some authors consider 100 and others
185 as the minimum score. Furthermore, the PBAC
may not accurately reflect the hygiene products used,
and women change hygiene products at a varying 
frequency whether saturation has occurred or not 
and there is a difference between types of pads and 
tampons used. This instrument could be useful for 
the primary screening of women, but a critical evalu-
ation of this symptom in affected women should 
be implemented. The concomitant presence of anemia
and reduced ferritin levels could be a more speci-
fic indicator to evaluate blood loss and the need 
of a prophylactic approach in those women affected
by a bleeding disorder and anemia due to severe 
menorrhagia.

Other gynecological bleedings in women
affected by bleeding disorders

This is comprehensively covered in Chapter 7.
Menorrhagia is not the only gynecological problem

that women with bleeding disorders are more likely 
to experience. Women with bleeding disorders are at
risk of obstetrical and gynecological problems, as well
as healthy women, while they appear to be at a higher
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Table 5.1 Prevalence of menorrhagia in women with rare blood disorders

Sample size and population Type of study Prevalence (%) Reference

20 women with afibrinogenemia Case series 70 Lak 1999 [10]

20 women with factor XI deficiency Prospective cohort 59 Kadir 1999 [21]

11 women with factor XIII deficiency Summary of case reports 64 Burrows 2000 [22]

20 women with factor XIII deficiency Case series 35 Lak 2003 [11]

3 women with combined factor V and factor Case series 50 Shetty 2000 [23]
VIII deficiency
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risk of developing ovarian cysts, endometriosis, hyper-
plasia, polyps, and fibroids [19].

Miscarriages

Miscarriage is common in the general population,
with 12–13.5% of recognized pregnancies resulting in
spontaneous miscarriage [26, 27]. An increased risk 
of miscarriage and placental abruption resulting in
fetal loss or premature delivery has been reported
among women with a deficiency of FXIII [22, 28] or
fibrinogen [19]. It is generally believed that women
with bleeding disorders are protected by the hyper-
coagulable state of pregnancy, but whether women
with other bleeding disorders (VWD, hemophilia 
carriers) [19] have an increased risk of miscarriage 
is unclear. Further studies are needed to confirm
whether inherited bleeding disorders, other than
deficiency of FXIII or fibrinogen, are associated with a
higher rate of miscarriage.

Bleeding during pregnancy

Pregnancy is accompanied by increased concentrations
of fibrinogen, FVII, FVIII, FX, and von Willebrand
factor (VWF). FVIII and VWF levels rise even in
hemophilia carriers or women with VWD. FII, FV and
FIX are relatively unchanged. Free protein S, the
active, unbound form, is decreased during pregnancy
secondary to increased levels of its binding protein, the
complement component C4b. Plasminogen activator
inhibitor type 1 (PAI-1) levels are increased. All of
these changes contribute to the hypercoagulable state
of pregnancy, and, in women with bleeding disorders,
contribute to improved hemostasis. Despite improved
hemostasis, however, women with factor deficiencies
do not achieve the same factor levels as those of
women without factor deficiencies [19]. Bleeding dur-
ing pregnancy is a common symptom reported in
women with bleeding disorders [29–31].

Postpartum hemorrhage (see also Chapter 10)

Postpartum hemorrhage (PPH) is an anticipated prob-
lem among women with bleeding disorders. At the 
end of a normal pregnancy, an estimated 10–15% of a
woman’s blood volume, or at least 750 mL/min, flows
through the uterus [32]. Normally after delivery of 
the infant and placenta, the uterine musculature or

myometrium contracts around the uterine vasculature
and the vasculature constricts in order to prevent
exsanguination. Retained placental fragments and 
lacerations of the reproductive tract may also cause
heavy bleeding, but the single most important cause 
of PPH is uterine atony [33]. Despite the critical role 
of uterine contractility in controlling postpartum
blood loss, women with bleeding disorders are at an
increased risk of PPH. There are multiple case reports
and several case series documenting the incidence of
postpartum hemorrhage in women with bleeding dis-
orders [19] but there are limited data that compare
women with bleeding disorders and control subjects.

Delayed or secondary PPH is rare in the general
population (0.7% more than 24 hours after delivery)
[34]. However, a higher prevalence of delayed PPH
was reported among women affected by VWD, FXI
deficiency and hemophilia carriers [30, 35, 36], mak-
ing delayed postpartum hemorrhage more than 10–25
times more common among women with bleeding 
disorders. Among all women, the median duration of
bleeding after delivery is 21–27 days [37, 38], but
coagulation factors, elevated during pregnancy, return
to baseline within 14–21 days [39]. Therefore, there 
is a period of time, 2–3 weeks after delivery, when
coagulation factors have returned to pre-pregnancy
levels, but women are still bleeding. Women with bleed-
ing disorders are particularly vulnerable to delayed 
or secondary PPH during this period of time. The
implication is that women with bleeding disorders
may require prophylaxis and/or close observation for
several weeks.

Laboratory diagnosis

Phenotype (see also Chapter 1)

In the screening test citrated plasma is separated from
cells and should be centrifuged at a speed and time
which produces samples with low residual platelet
counts well below 10 × 109/L (usually 1500 g for 15
minutes). Centrifugation at a temperature of 18–25°C
is acceptable for most clotting tests. After centrifuga-
tion, prolonged storage at 4–8°C should be avoided as
this can cause cold activation, increasing FVII activity
[40] and shortening of the prothrombin time (PT) or
activated partial thromboplastin time (APTT). To
interpret the result of any clotting test it is important
to have data on results of the test in healthy normal
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subjects. Samples from normal subjects should be col-
lected, processed, and analyzed locally using identical
techniques to those for patient samples.

In the phenotypic diagnosis of RBDs the results 
of laboratory tests can be affected by the collection
and processing of blood samples. These effects have
important diagnostic implications. Once the blood
sample is collected, if there is any delay between 
collection and mixing with anticoagulant the blood
must be discarded because of possible activation of
coagulation.

The combined performance of the screening coagu-
lation tests PT and APTT is usually needed to identify
RBDs of clinically significant severity but not FXIII
deficiency. A prolonged APTT contrasting with a 
normal PT is indicative of FXI deficiency, provided
hemophilia A and B and the asymptomatic defects of
the contact phase are ruled out. A normal APTT and
prolonged PT is typical of FVII deficiency, whereas the
prolongation of both tests directs further analysis on
the possible deficiencies of FX, FV, prothrombin, or
fibrinogen. This paradigm is not valid for RBDs due to
combined deficiencies, which prolong both the PT and
the APTT. The sensitivity of PT and APTT to the pres-
ence of clotting factor deficiencies is dependent on the
test system used [41, 42]. The degree of prolongation
in the presence of a clotting factor deficiency can vary
dramatically between reagents. Variation of reagents
will also influence the sensitivity of PT methods for
detecting abnormalities, particularly of FVII or FX.
Specific assays of factor coagulant activity are neces-
sary when the degree of prolongation of the global
tests suggests the presence of severe, clinically signific-
ant deficiencies. Factor antigen assays are not strictly
necessary for diagnosis and treatment but are neces-
sary to distinguish type I from type II deficiencies.

The standard laboratory clotting tests (PT, APTT,
fibrinogen level, platelet counts, bleeding time) are
normal in FXIII deficiency. The diagnosis of factor
XIII deficiency is established by the demonstration 
of increased clot solubility in 5 M urea, dilute mono-
chloroacetic acid, or acetic acid. It is a qualitative test
and is positive only if FXIII activity in the patient’s
plasma is zero, or very close to zero. If clot solubility 
in these reagents is found, it is important to perform
some simple mixing experiments with normal plasma
to make sure that the observed clot solubility is the
result of FXIII deficiency and not due to the presence
of a FXIII inhibitor. FXIII activity may also be deter-

mined quantitatively by measuring the incorporation
of fluorescent or radioactive amines into proteins [43].
Specific enzyme-linked immunosorbent assays (ELISAs)
have been developed to establish FXIII-A and FXIII-B
antigen levels [44]. These assays are routinely avail-
able in the average coagulation laboratory in Europe
and North America but are seldom carried out, so that
proficiency and standardization may be limited.

Molecular diagnosis

RBDs are usually due to DNA defects in the 
genes encoding the corresponding coagulation factors
(Table 5.2). Exceptions are the combined deficienc-
ies of coagulation FV and FVIII and of vitamin K-
dependent proteins (FII, FVII, FIX, and FX) caused
respectively by mutations in genes encoding proteins
involved in the FV and FVIII intracellular transport
and in genes that encode enzymes involved in post-
translational modifications and in vitamin K metabol-
ism [45–48]. RBDs are often due to mutations unique
for each kindred and scattered throughout the genes [1].

The identification of gene defects in patients with
RBDs could represent the basis to conduct prenatal
diagnosis in families that already have one affected
child with severe bleeding. The molecular charac-
terization and subsequent prenatal diagnosis gain 
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Table 5.2 General characteristics of coagulation 
factors genes

Deficient factor Gene Chromosome 
location

Fibrinogen FGA 4q31.3
FGB 4q31.3
FGG 4q32.1

Prothrombin F2 11p11.2
Factor V F5 1q24.2
Factor V + VIII MCFD2 2p21

LMAN1 18q21.32
Factor VII F7 13q34
Factor X F10 13q34
Factor XI F11 4q35.2
Factor XIII F13A 6p25.1

F13B 1q31.3
Vitamin K dependent GGCX 2p11.2

VKORC1 16p11.2
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importance, particularly in developing countries,
where patients with these deficiencies rarely live be-
yond childhood and where management is still largely 
inadequate; therefore, prenatal diagnosis remains the
key step for the prevention of the birth of children
affected by RBDs and severe bleeding manifestations,
particularly in regions with low economic resources.

In order to identify the mutation responsible for the
deficiency, venous blood is collected in sodium citrate,
centrifuged, usually at 1500 g for 15 minutes, and, after
discarding the plasma, genomic DNA is extracted from
peripheral blood leukocytes. Following DNA extrac-
tion, the coding region, intron/exon boundaries, and
5′ and 3′ untranslated regions of the deficient factor
gene are amplified by polymerase chain reaction (PCR)
using the correctly designed oligonucleotides in order
to avoid coamplification of unwanted gene regions.
PCR products are then screened by single-strand confor-
mation polymorphism (SSCP) or denaturing gradient
gel electrophoresis (DGGE), alternatively they could
be directly sequenced with an automated sequencer.
The alignment of the obtained sequence with the 
normal sequence available on online databases, such
as GenBank on the National Center for Biotechnology
Information website (NCBI, http://www.ncbi.nlm.
nih.gov/) or Ensembl (http://www.ensembl.org/index.
html), will identify the genetic variant causing the
deficiency. To confirm that the identified variant, if not
previously reported, is not a frequent polymorph-
ism, it has to be investigated in an adequate number 
of alleles coming from a healthy control population.
Nowadays, mutations are named in accordance with
the standard international nomenclature guidelines
recommended by the Human Genome Variation
Society (HGVS, http://www.hgvs.org/mutnomen/recs.
html). A number of databases reporting all identified
mutations are available online:
• http://www.med.unc.edu/isth/mutations-databases/
• http://www.hgmd.cf.ac.uk/ac/index.php/
• http://www.geht.org/databaseang/fibrinogen/ (for
fibrinogen)
• http://www.lumc.nl/4010/research/Factor_V_
gene.html (for FV)
• http://www.med.unc.edu/isth/registries.htm (for FVIII)
• http://www.factorxi.org/
• factorxi.org/ (for FXI)
• http://www.f13-database.de/
(xhgmobrswxgori45zk5jre45)/index.aspx) (for FXIII).

However, they are not always updated. In approx-

imately 5–10% of patients, no putative mutations are
found. These cases may be due to defects in non-
coding regions or in genes coding for regulators of
intracellular transport and post-translational modifica-
tions of coagulation factors.

Differential diagnosis of an underlying
bleeding disorder in women with
menorrhagia

Gynecological assessment

Gynecological causes of abnormal vaginal bleeding
(e.g., endometrial polyps, submucosal fibroids, cer-
vicitis, cervical and vaginal lesions, etc.) should be
excluded. A complete personal and family history as
well as a physical examination including a careful
pelvic/vaginal examination should be done [49]. An
in-depth coagulation investigation should be consid-
ered for the patient with menorrhagia in whom gyne-
cologic causes have been ruled out. However, a high
index of suspicion for a possible bleeding abnormality
needs to be maintained in all patients with excessive
bleeding, as the prevalence of uterine abnormalities in
patients with bleeding disorders in whom the gyneco-
logic abnormality is “unmasked” by the bleeding dis-
order is uncertain [50]. Thus, a coagulation screen
may be appropriate as part of the initial assessment,
even in the absence of a pelvic examination.

Testing for inherited bleeding disorders in women
with menorrhagia

Bleeding history
A personal and family history on bleeding symptoms
should be collected, including:
• presence of menorrhagia since menarche
• bleeding after haemostatic challenge (dental extrac-
tion, surgery, or parturition)
• presence of any type of mucosal and/or not mucosal
bleeding (location, severity and prevalence of bleeding
should be reported).

In women who have a personal history of other
bleeding or a family history of bleeding, further inves-
tigation should be considered.

Laboratory testing
Testing should include:
1 General laboratory tests:
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• cells blood count and ferritin (exclude thrombocy-
topenia and assess degree of anaemia)
• thyroid (T3, T4, TSH)
• liver functional screening (GOT, GPT, PA, γGT)
• serum prolactin level
2 Coagulation laboratory test:
• prothrombin time (PT)
• activated partial thromboplastin time (APTT)
• thrombin time (TT)
• fibrinogen and FXIII.
Further investigations are requested in order to define
the underlying coagulation disorder:
• bleeding time or PFA-100
• von Willebrand studies (VWF antigen, VWF func-
tional assay, FVIII, blood group)
• platelet function analysis (PFA-100, aggregation,
and ATP-release with different agonists)
• if PT, APTT, or TT are prolonged and VWF and
platelet function analysis are both normal, mixing
studies and single coagulation factor assays should be
performed in order to test activity levels of missing
factor.

The interpretation of abnormal or borderline results
usually requires referral to a hematologist (or an inter-
nal medicine) consultant. It is important to have a pre-
cise hematological diagnosis because the diagnosis
may affect such clinical situations as the treatment of
both gynecologic and non-gynecologic bleeding, the
optimal drugs/therapeutic modalities recommended
for the management of severe bleeding, guidelines for
patient preparation for surgery, including preopera-
tive and post-operative management, and information
for family counseling.

Treatment

Replacement of the deficient coagulation factor is the
mainstay of treatment for RBDs, but safe and effica-
cious products are fewer and experiences on their 
optimal use much more limited. Specific recommenda-
tions could be found in previously published reports
[1, 51]. The level of evidence is III or IV, and the 
recommendation grade is C or D, based on opinions 
of respected authorities, clinical experience, descriptive
studies, or reports of expert committees. The strength
of these recommendations is limited by the fact that the
size of the series of patients on which they are based is
not as large as evidence level I requires. It should be

noted that no sufficient data are available in the litera-
tureon management of pregnancy and delivery in
women affected by prothrombin, FV, FV + FVIII, and
FVII deficiency to make any recommendation.

Available treatments of menorrhagia
(see also Chapters 2 and 7)

Specific treatment for menorrhagia is based on a num-
ber of factors, including:
• the age of the woman
• the overall health and medical history
• the cause and extent of menorrhagia
• tolerance for specific medications, procedures, or
therapies
• the effects of menorrhagia on the patient’s lifestyle
• personal preference.

Therapeutic options for the control of menorrhagia
in women with underlying RBDs include medical treat-
ments (such as antifibrinolytics, combined hormonal
contraceptives, intranasal and subcutaneous DDAVP,
oral contraceptives, levonorgestrel intrauterine device,
and clotting factor replacement) and surgical treat-
ments (such as endometrial ablation and hysterec-
tomy). They are similar to the treatment options for
menorrhagia in general. However, management of
women with RBDs requires additional monitoring 
of the hemostatic parameters and awareness of the
increased risk of bleeding with any surgical inter-
ventions. Therefore management of menorrhagia in
women affected by RBDs should be provided by a
multidisciplinary team including a hematologist and
gynecologist.

Medical treatment of menorrhagia

This includes antifibrinolytics, combined oral contra-
ceptives (COCs), DDAVP, progesterone, non-steroidal
anti-inflammatory drugs (NSAIDS), ethamsylate, and
the levonorgestrel-releasing intrauterine system
(LNG-IUS).

These are discussed in detail in Chapters 3, 4, and 7.

Clotting factor
Clotting factor replacement, with fresh-frozen plasma
(FFP), plasma-derived factor concentrate, or recom-
binant products, will be required in some women with
bleeding disorders, especially in adolescents [52],
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those with severe deficiency, and those presenting with
acute bleeding.

Specific recommendations are based on the hemo-
static levels of each factor, on its plasma half-life
(which governs the frequency of dose administration)
(Table 5.3), and, most importantly, on safety.

The treatment with single-donor FFP (which con-
tains all coagulation factors) is relatively inexpensive
and widely available. However, the risk of volume over-
load is real when repeated infusions are administered

to raise and keep the deficient factor at hemostatic 
levels. Most importantly, infectious complications
with such blood-borne viruses as the hepatitis viruses
or human immunodeficiency virus (HIV) are still per-
ceived as a threat of FFP. Plasma concentrates of 
some single coagulation factors (fibrinogen, FVII, FXI,
FXIII) are also available for replacement therapy,
licensed, or on an investigational basis, but these are
not widely available (see www.rbdd.org/art.htm). How-
ever, the number of available specific concentrates 
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Table 5.3 Recommended schedules of treatment of different clinical situations in patients with rare bleeding disorders
(modified from Mannucci et al. [1] and Bolton Maggs [51])

Deficient factor Treatment
Target half-life

Fibrinogen 
50 mg/dL 
3–5 days

Prothrombin 
20–30% 
2–3 days

FV 
15% 
36 hours

FV + FVIII 
10–15%

FVII 
10–15% 
4–6 hours

FX
10–20% 
20–40 hours

FXI 
15–20% 
48–72 hours

FXIII 
2–5% 
10–15 days

FFP, fresh-frozen plasma; PCC, prothrombin complex concentrate; ICH, intracranial hemorrhage.

Major surgery

Concentrate: 
20–30 mg/kg
FFP: 15–20 mL/kg
Cryo: 1 bag/10 kg 

PCC: 20–30 U/kg
FFP: 15–20 mL/kg

FFP: 15–20 mL/kg

FFP: 15–20 mL/kg
FVIII concentrate:
30–50 IU/dL/12 hours

rFVIIa: 15–30
μg/kg/6–12 hours
Concentrate: 30–40
U/kg/6–12 hours

PCC: 20–30 U/kg
FFP: 15–20 mL/kg

Concentrate: >70 U/dL
FFP: 15–20 mL/kg

Concentrate: 
10–20 U/kg 
FFP: 15–20 mL/kg
Cryo: 1 bag/10 kg

Minor surgery

FFP: 15–20 mL/kg

FFP: 15–20 mL/kg

As for major
surgery

As for major
surgery

As for major
surgery

As for major
surgery

Concentrate:
>30 U/dL 
FFP: 15–20 mL/kg

As for major
surgery

Spontaneous

Concentrates: 
50–100 mg/dL
FFP: 15–20 mL/kg

As for major
surgery

As for major
surgery

FFP: 15–20 mL/kg
FVIII concentrate:
30–50 IU/dL

As for major
surgery

As for major
surgery

Usually it does not
occur

As for major
surgery

Prophylaxis

Estrogen/
progesterone in
menorrhagia

No data

No data

No data

Concentrate:
10–50 U/kg 
1–3 times a
week despite the
short half-life

PCC: 30 U/kg
twice weekly

–

Severe FXIII
(risk ICH): 
10 U/kg 
once monthly

Pregnancy/delivery

>100 mg/dL +
anticoagulant if
history of thrombosis

No data

No data 

No data 

No data 

As for prophylaxis

Moderate: tranexamic
acid/3 days; severe:
FXI concentrate
during labor

As for prophylaxis
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for RBDs are not as many as for hemophilia A and B;
furthermore FV and FX concentrates are still lacking,
hence FFP or prothrombin complex concentrates
(PCCs, see below) are used for the treatment of FV and
FX deficiency, respectively. PCCs, licensed for the
treatment of FIX deficiency but also containing large
amounts of FII, FVII, and FX, can also be used to treat
these deficiencies, even though not all the available
products are labeled in terms of coagulation factors
other than FIX.

Until now, only one recombinant product, recom-
binant factor VIIa (rFVIIa), has been available and has
been licensed by the USA and European regulatory
agencies (FDA and EMEA, respectively) for replace-
ment therapy in FVII deficiency. rFVIIa is also used
off-label in a limited number of patients with other
hereditary bleeding disorders such as FV and FXI
deficiencies. The recommended dosage for FVII
deficiency is 15–30 μg/kg, given every 4–6 hours,
which can be repeated according to the clinical situa-
tion with the goal to keep FVII levels above 15–20%.
The PT is often used as a surrogate to monitor rFVIIa
therapy together with clinical response.

A second recombinant product, rFXIII, is under
investigation in order to verify its safety, pharmacoki-
netics, and immunogenicity. It was tested on both
healthy and FXIII-deficient adult volunteers with no
evidence of serious adverse events such as develop-
ment of antibodies [53, 54].

Conclusion

The recent increased interest in RBDs has led us 
to improve our knowledge on laboratory testing, 
diagnosis, and treatment of patients affected by RBDs.
However, this is not yet sufficient to diagnose or
exclude an underlying coagulation defect in all women
who present with menorrhagia or other gynecolo-
gical bleeding. In fact, the prevalence of undiagnosed
bleeding disorders among these women is high, with
estimates ranging from 5% to 20% [17, 55, 56].
Although the prevalence of menorrhagia among women
with RBDs is increasing, information regarding the
management of menorrhagia and other gynecological
problems in these women is limited. With the excep-
tion of one small randomized trial [57], because of 
the rarity of RBDs studies are limited to case reports

and small case series. Therefore, clinical studies are
still required to draw up guidelines based on clinical
evidence. The scarce information, in particular the
lack of recognition of the coagulation deficiency, may
lead to inappropriate treatment (unnecessary surgical
interventions or uncontrolled bleeding) that could be
avoided with appropriate diagnosis. Prompt diagnosis,
prophylaxis, or treatment may significantly improve
the quality of life, which is often poor and debilitating.
This is particularly the case in developing countries,
with limited facilities and low budget resources.

In conclusion, the ideal management of women with
RBDs who suffer from menorrhagia is through multi-
disciplinary clinics. However, at the present time, very
few of these clinics exist and they are all located in 
tertiary care centers. These clinics include a nurse, a
clinical hematologist, and a gynecologist who meet
with the patient and liaise with the family physician.
The ideal multidisciplinary team would have an even
broader representation of expertise, and would include
a laboratory hematologist, an obstetrician–gynecologist,
an anesthesiologist, a family physician, a social worker,
a pharmacist, and a laboratory technician.
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Prevalence of platelet dysfunction
in women

Platelet dysfunction is the most frequently found
inherited bleeding disorder in females presenting with
symptoms of menorrhagia who undergo comprehen-
sive hemostatic testing, including tests of platelet func-
tion [1–3]. Platelet dysfunction has been reported in
approximately 50% of women presenting with men-
orrhagia and is more common than von Willebrand
disease and coagulation factor deficiencies in this 
population [1–3] (Table 6.1). Racial differences have
also been observed in multiracial US populations of
women with menorrhagia, with black women having
a significantly higher prevalence of platelet dysfunc-
tion than white women (approximately 70% vs 40%)
[1, 3].

The prevalence of inherited platelet function dis-
orders in the general population has not been studied.
Although men and women are equally at risk for
inherited platelet function disorders, reproductive age
women are more likely to have bleeding symptoms
because of the obstetric and gynecologic challenges
women face. However, the role of congenital platelet
function defects among women with obstetric- and
gynecology-associated bleeding other than menor-
rhagia remains poorly studied beyond case reports
[4–7]. Severe, clearly defined platelet disorders are 

usually recognized in early childhood [5, 7, 8]. How-
ever, mild platelet function abnormalities are likely to
be underdiagnosed in the clinical setting because of the
generally mild symptoms in the absence of surgical 
or other hemostatic challenges [9, 10], the complex-
ity of testing, including the requirement for testing 
fresh specimens [11, 12], and the specialized expertise
required for the performance and interpretation of
platelet function testing [12, 13].

Classification of inherited 
platelet disorders

Inherited platelet function disorders can be charac-
terized on the basis of function or structure [14–16].
Platelet-based abnormalities of platelet adhesion and
aggregation include Bernard–Soulier syndrome (defici-
ency or defect in glycoprotein 1b) [5, 17–19], pseudo- or
platelet-type von Willebrand disease (platelet glyco-
protein 1bα gain of functional phenotype) [20, 21],
and Glanzmann’s thrombasthenia (deficiency or defect
in glycoprotein IIb–IIIa) [7, 19, 22, 23]. Platelet gran-
ule disorders include storage pool deficiency with
reductions in the number and/or content of dense
granules, alpha granules, or both granules [24–28],
and Quebec platelet disorder associated with platelet
multimerin deficiency and abnormal proteolytic degra-
dation of alpha granule proteins [29]. Disorders of
platelet secretion and signal transduction are a hetero-
geneous group of disorders including receptor defects
for agonists such as collagen, adenosine diphosphate
(ADP) (P2Y12 deficiency) and thromboxane A2, defects

6 Platelet disorders
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in arachidonic acid pathways and thromboxane syn-
thetase deficiency, and defects in G-protein activation
[30, 31]. Disorders of platelet procoagulant activity
(Scott syndrome) have also been described [32, 33].
Defects of platelet secretion and signal transduction
are presumed to be the most common of the inherited
platelet dysfunction disorders [16, 34]. Glanzmann’s
thrombasthenia, platelet-type von Willebrand disease,
and Bernard–Soulier syndrome are rare disorders [5,
7, 14]. The pattern of inheritance for many congenital
platelet disorders is unknown [35]. In inherited platelet
disorders with known inheritance patterns, autosomal
dominant (Quebec platelet disorder, platelet type von
Willebrand disease), autosomal recessive (Glanzmann’s
thrombasthenia, Bernard–Soulier syndrome), and X-
linked disorders (Wiscott–Aldrich syndrome) have
been reported [5, 7, 29, 35–37].

Clinical features

Spontaneous mucocutaneous bleeding, including men-
orrhagia, bruising, and epistaxis, and bleeding after
delivery, surgery, trauma, and dental extraction are
common presenting symptoms in women with inher-
ited platelet disorders [10, 38–42]. Typically, bleeding
symptoms occur with rapid onset after trauma or
surgery [35], and bleeding symptoms may not occur
with each hemostatic challenge [9]. Hemarthrosis,
muscle bleeds, urinary bleeding, and gastrointestinal
bleeding are not usual manifestations of inherited
platelet disorders [38, 40]. Some of the symptoms,
such as easy bruising, gum bleeds, and epistaxis, over-
lap with symptoms found in the normal population
[9, 40, 41, 43]. A family history of a bleeding disorder
is useful in screening for bleeding disorders, including
platelet function disorders [40, 44].

Laboratory diagnosis of 
platelet dysfunction

Patients undergoing evaluation for platelet dysfunction
should also undergo evaluation for other coagulation
abnormalities including von Willebrand disease and
factor deficiencies, as bleeding symptoms may overlap
and may occur concurrently [38, 43, 45]. A reliable
drug history and discontinuing of possible platelet
function-impairing medications and other agents prior
to platelet function testing is indicated [11]. An assess-
ment of platelet count, platelet size, and review of the
blood smear should be performed as part of the evalu-
ation [9, 38, 45]. Neither the bleeding time nor the
platelet function analyzer (PFA-100, Siemans Healthcare
Diagnostics, Deerfield, IL) are sensitive or specific enough
to be used as screening tests for platelet function dis-
orders [46–48]. Tests of platelet aggregation, usually
performed with platelet-rich plasma, are clinically
used to assess platelet function. Agonists uniformly
include collagen, ADP, and arachidonic acid and usu-
ally ristocetin and epinephrine as well [9–13]. Platelet
adenosine triphosphate release, useful in diagnosing
storage pool disease and secretion abnormalities, can
be assessed using luminescence methodologies [13]. Flow
cytometry is useful in the evaluation of Bernard–Soulier
disease and Glanzmann’s thrombasthenia [49].

Management of inherited 
platelet disorders

There are limited studies on the management of bleed-
ing in women with inherited platelet dysfunction 
[10, 38]. In women, management is directed at the
control of symptoms of menorrhagia, and the preven-
tion of bleeding complications with major and minor

Table 6.1 Distribution of platelet function defects, von Willebrand factor deficiency and coagulation factor deficiencies in
females with menorrhagia

Reference n Type of study Platelet function defects von Willebrand Coagulation 
(%) factor deficiency factor deficiency

(%) (%)

Philipp et al. [1] 74 Prospective single site 54.1 13.5 5.4
Bevan et al. [2] 12 Retrospective single site 50.0 16.7 NR
Miller et al. [3] 231 Prospective multisite 58.4 10.8 6.9

NR, not reported.
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hemostatic challenges, including delivery, surgery, and 
teeth extraction [38, 50]. Intravenous desmopressin
(DDAVP) has been shown to shorten the bleeding time
and to be clinically effective in treating and preventing
excessive bleeding in individuals undergoing invasive
procedures [51–54]. In women with menorrhagia and
platelet dysfunction, intranasal desmopressin has been
demonstrated to reduce menstrual blood flow [55–
57], with the reduction in menstrual blood flow cor-
relating with increases in von Willebrand factor levels
[58]. Antifibrinolytic agents (ε-aminocaproic acid and
tranexamic acid) are useful for mild or moderate
bleeding, especially mucocutaneous bleeding follow-
ing dental extractions and oral surgery [14, 38].
Tranexamic acid alone [55] and in combination with
desmopressin [56] has been demonstrated to signific-
antly reduce menstrual flow in women with platelet
dysfunction. In patients with severe platelet function
disorders such as Glanzmann’s thrombasthenia, or
when desmopressin and antifibrinolytics do not con-
trol bleeding, platelet transfusions may be needed
[38]. Recombinant FVIIa has been used in individuals
with severe platelet function disorders and excessive
bleeding, especially in those unresponsive to platelet
transfusions because of isoimmunization [59–62].
There are limited data on the management of preg-
nancy, delivery, and postpartum bleeding in women
with inherited platelet disorders. Epidural anesthesia
should be avoided [38]. In women with Bernard–
Soulier syndrome and Glanzmann’s thrombasthenia,
severe early and delayed postpartum bleeding has
been reported [7, 39, 63]. Platelet transfusions before
and after delivery for up to 6 days postpartum have
been reported to reduce the risk of bleeding in 
women with Glanzmann’s thrombasthenia [7]. The
use of recombinant VIIa has been proposed [38]. 
In women with mild congenital platelet function 
disorders, desmopressin, and, in the case of severe 
bleeding, platelet transfusions have been used for man-
agement of vaginal and cesarean deliveries [38, 64].
Antifibrinolytics can be used as an adjunctive measure
or, in the case of vaginal deliveries, alone [38].

References

1 Philipp CS, Dilley A, Miller CH, et al. Platelet functional
defects in women with unexplained menorrhagia. J
Thromb Haemost 2003; 1: 477–484.

2 Bevan JA, Maloney KW, Hillery CA, et al. Bleeding dis-
orders: a common cause of menorrhagia in adolescents. 
J Pediatr 2001; 138: 856–861.

3 Miller CH, Heit JA, Kouides PA, et al. Laboratory 
characteristics of women with menorrhagia: a multi-site
US study. J Thromb Haemost 2007; 5 (Suppl 2); p-m-
187.

4 James AH. More than menorrhagia: a review of the
obstetric and gynaecological manifestations of bleeding
disorders. Haemophilia 2005; 11: 295–307.

5 Lopez JA, Andrews RK, Afshar-Kharghen V, Berndt 
MC. Bernard-Soulier syndrome. Blood 1998; 91: 4397–
4418.

6 Sherer DM, Lerner R. Glanzmann’s thrombasthenia in
pregnancy: a case and review of the literature. Am J
Perinatol 1999; 16: 297–301.

7 George JN, Caen JP, Nurden AT. Glanzmann’s thromb-
asthenia: the spectrum of clinical disease. Blood 1990;
75: 1383–1395.

8 Pinto da Costa N, Armari-Alle C, Plantaz D, Pagnier A.
Bernard-Soulier syndrome revealed by major neonatal
thrombocytopenia. Arch Pediatr 2003; 10: 983–985.

9 Hayward CPM. Diagnosis and management of mild
bleeding disorders. Hematology (Am Soc Hematol Educ
Program) 2005; 423–428.

10 Greaves M, Watson HG. Approach to the diagnosis 
and management of mild bleeding disorders. J Thromb
Haemost 2007; 5 (Suppl 1): 167–174.

11 Peerschke EIB. The laboratory evaluation of platelet 
dysfunction. Clin Lab Med 2002; 22: 405–420.

12 Hayward CP. Platelet function testing: quality assurance.
Semin Thromb Hemost 2007; 33: 273–282.

13 Moffat KA, Ledford-Kraemer MR, Nichols WL,
Hayward CPM. Variability in clinical laboratory practice
in testing for disorders of platelet function: results of two
surveys of the North American Specialized Coagulation
Laboratory Association. Thromb Haemost 2005; 93:
549–553.

14 Hayward CPM, Rao AK, Cattaneo M. Congenital
platelet disorders: overview of their mechanisms, diag-
nostic evaluation, and treatment. Haemophilia 2006; 
12 (Suppl 3): 128–136.

15 Handin RI. Inherited platelet disorders. Hematology
(Am Soc Hematology Educ Program) 2005; 396–402.

16 Cattaneo M. Inherited platelet-based bleeding disorders.
J Thromb Haemost 2003; 1: 1628–1636.

17 Bernard J, Soulier JP. Sur une nouvele variete de 
dystrophie thrombocytaire-hemorragipare congenitale.
Semaine des Hospitaux de Paris 1948; 244: 159–160.

18 Ware J, Russel SR, Marchese P, et al. Point mutation 
in a leucine-rich repeat of platelet glycoprotein 1balpha
resulting in the Bernard-Soulier syndrome. J Clin Invest
1993; 92 (3): 1213–1220.

9781405169158_4_006.qxd  10/23/08  11:18 AM  Page 67



CHAPTER 6

68

19 Nurden AT, Caen JP. Specific roles for platelet surface
glycoproteins in platelet function. Nature 1975; 255:
720–722.

20 Russell SD, Roth GJ. Pseudo-von Willebrand disease: a
mutation in the platelet glycoprotein Ib alpha gene asso-
ciated with a hyperactive surface receptor. Blood 1993;
81: 1787–1791.

21 Miller JL, Cunningham D, Lyle VA, Finch CN. Mutation
in the gene encoding the alpha chain of platelet glycopro-
tein Ib in platelet-type von Willebrand disease. Proc Natl
Acad Sci USA 1991; 88: 4761–4765.

22 D’Andrea G, Colaizzio D, Vecchione G, et al. Glanzmann’s
thrombasthenia: identification of 19 mutations in 30
patients. Thromb Haemost 2002; 87: 1034–1042.

23 Belluci S, Caen J. Molecular basis of Glanzmann’s thromb-
asthenia and current strategies in treatment. Blood Rev
2002; 16: 193–202.

24 Nieuwenhuis HK, Akkerman JW, Sixma JJ. Patients with
a prolonged bleeding time and normal aggregation tests
may have storage pool deficiency: studies on one hundred
six patients. Blood 1987; 70: 620–623.

25 Weiss HJ, Chevervenick PA, Zalusky R, Factor A. A
familial defect in platelet function associated with
impaired release of adenosine diphosphate. N Engl J Med
1969; 281: 1264–1270.

26 Raccuglia G. Gray platelet syndrome. A variety of qualit-
ative platelet disorder. Am J Med 1971; 51: 818–828.

27 Weiss HJ, Witte LD, Kaplan KL, et al. Heterogeneity in
storage pool deficiency: studies on granule-bound sub-
stances in 18 patients including variants deficient in alpha-
granules, platelet factor 4, beta thromboglobulin, and
platelet-derived growth factor. Blood 1979; 54: 1296–1319.

28 Lages B, Shatil SJ, Bainton DF, Weiss HJ. Decreased content
and surface expression of alpha-granule membrane pro-
tein GMP-140 in one of two types of platelet alpha delta
storage pool deficiency. J Clin Invest 1991; 87: 919–929.

29 Hayward CPM, Rivard GE, Kane WH, et al. An auto-
somal dominant qualitative platelet disorder associated
with multimerin deficiency, abnormalities in platelet 
factor V, thrombospondin, Von Willebrand factor, and
fibrinogen, and an epinephrine aggregation defect. Blood
1996; 87: 4967–4978.

30 Rao AK. Congenital disorders of platelet function: dis-
order of signal transduction and secretion. Am J Med Sci
1998; 316: 69–77.

31 Rao AK. Inherited defects in platelet signaling mechan-
isms. J Thromb Haemost 2003; 1: 671–681.

32 Weiss HJ. Scott syndrome: a disorder of platelet coagu-
lant activity. Semin Hematol 1994; 31: 312–319.

33 Zwaal RF, Comfurius P, Bevers EM. Scott syndrome, 
a bleeding disorder caused by defective scrambling of
membrane phospholipids. Biochim Biophys Acta 2004;
1636: 119–128.

34 Rao AK, Gabbeta J. Congenital disorders of platelet 
signal transduction. Arterioscler Thromb Vasc Biol
2000; 20: 285–289.

35 Hayward CPM. Inherited platelet disorders. Curr Opin
Hematol 2003; 10: 362–368.

36 Tracy PB, Giles AR, Mann KG, et al. Factor V (Quebec):
a bleeding diathesis associated with a qualitative platelet
Factor V deficiency. J Clin Invest 1984; 74: 1221–
1228.

37 Jin Y, Mazza C, Christie JR, et al. Mutations of the
Wiskott-Aldrich Syndrome Protein (WASP): hotspots,
effect on transcription, and translation and phenotype/
genotype correlation. Blood 2004; 104: 4010–4019.

38 Bolton-Maggs PHB, Chalmers EA, Collins PW, et al. A
review of inherited platelet disorders with guidelines for
their management on behalf of the UKHCDO. Br J
Haematol 2006; 135: 603–633.

39 Prabu P, Parapia LA. Bernard-Soulier syndrome in preg-
nancy. Clin Lab Med 2006; 28: 198–201.

40 Sramek A, Eikenboom J, Briet E, et al. Usefulness of
patient interview in bleeding disorder. Arch Intern Med
1995; 155: 1409–1415.

41 McKay H, Derome F, Anwar Haq M, et al. Bleeding risks
associated with inheritance of the Quebec Platelet
Disorder. Blood 2004; 104 (1): 159–165.

42 Philipp CS, Faiz A, Dowling N, et al. Age and the preval-
ence of bleeding disorders in women with menorrhagia.
Obstet Gynecol 2005; 105: 61–66.

43 Gudmundsdottir BR, Marder VJ, Onundarson PT. Risk
of excessive bleeding associated with marginally low 
von Willebrand factor and mild platelet dysfunction. 
J Thromb Haemost 2007; 5: 274–281.

44 Philipp CS, Faiz A, Dowling NF, et al. Development of a
screening tool for identifying women with menorrhagia
for hemostatic evaluation. Am J Obstet Gynecol 2008;
198: 163.e1–8.

45 Kouides PA, Jacqueline C, Peyvandi F, et al. Hemostasis
and menstruation: appropriate investigation for underly-
ing disorders of hemostasis in women with excessive
menstrual bleeding. Fertil Steril 2005; 84: 1345–1351.

46 Hayward CPM, Harrison P, Cattaneo M, et al. on behalf
of ISTH-SSC Platelet Physiology Subcommittee. Platelet
function analyzer (PFA-100) closure time in the evalu-
ation of platelet disorders and platelet function. J Thromb
Haemost 2006; 4: 312–319.

47 Philipp CS, Miller CH, Faiz A, et al. Screening women
with menorrhagia for underlying bleeding disorders: the
utility of the platelet function analyzer and bleeding time.
Haemophilia 2005; 11: 497–503.

48 Quiroga T, Goycoolea M, Munoz B, et al. Template
bleeding time and PFA-100 have low sensitivity to screen
patients with hereditary mucocutaneous hemorrhages. J
Thromb Haemost 2004; 2: 892–898.

9781405169158_4_006.qxd  10/23/08  11:18 AM  Page 68



PLATELET DISORDERS

69

49 Linden MD, Frelinger AL III, Barnard MR, et al. Applica-
tion of flow cytometry to platelet disorders. Semin
Thromb Hemost 2004; 30: 501–511.

50 Lee CA, Chi C, Pavord SR, et al. The obstetric and gynae-
cological management of women with inherited bleeding
disorders – review with guidelines produced by a task-
force of UK Haemophilia Centre Doctors’ Organization.
Haemophilia 2006; 12: 301–336.

51 Schulman S, Johnsson H, Egberg N, Blomback M.
DDAVP-induced correction of prolonged bleeding time
in patients with congenital platelet function defects.
Thromb Res 1987; 45: 165–174.

52 Kentro TB, Lottenberg R, Kitchens CS. Clinical efficacy
of desmopressin acetate for hemostatic control in patients
with primary platelet disorders undergoing surgery. Am J
Hematol 1987; 24: 215–219.

53 DiMichele DM, Hathaway WE. Use of DDAVP in inher-
ited and acquired platelet dysfunction. Am J Hematol
1990; 33: 39–45.

54 Rao AK, Ghosh S, Sun L, et al. Mechanisms of platelet
dysfunction and response to DDAVP in patients with
congenital platelet function defects. Thromb Haemost
1995; 74: 1071–1078.

55 Kouides PA, Heit JA, Philipp CS, et al. A multisite
prospective crossover study of intranasal desmopressin
and oral tranexamic acid among women with menor-
rhagia and abnormal laboratory hemostasis [Abstract].
Blood 2007; 111: 711.

56 Edlund M, Blomback M, Fried G. Desmopressin in the
treatment of menorrhagia in women with no common

coagulation factor deficiency but with prolonged bleed-
ing time. Blood Coag Fibrinol 2002; 13: 225–231.

57 Kadir RA, Lee CA, Sabin CA, et al. DDAVP nasal spray
for treatment menorhagia in women with inherited
bleeding disorders: a randomized placebo controlled
cross-over study. Haemophilia 2002; 8: 787–793.

58 Rose SS, Faiz A, Miller CH, et al. Laboratory response to
intranasal desmopressin in women with menorrhagia
and platelet dysfunction. Haemophilia 14: 571–578.

59 Poon MC, d’Oiron R, Hann I, et al. Use of recombinant
factor VIIa (Novoseven) in patients with Glanzmann
thrombasthenia. Semin Hemost 2001; 38 (4 Suppl 12):
21–25.

60 d’Oiron R, Menart C, Trzeciak MC, et al. Use of 
recombinant factor VIIa in 3 patients with inherited 
type 1 Glanzmann’s thrombasthenia undergoing invas-
ive procedures. Thromb Haemost 2000; 83: 644–
647.

61 Kaleelrahman M, Minford A, Parapia LA. Use of recom-
binant factor VIIa in inherited platelet disorders. Br J
Haematol 2004; 125: 95–96.

62 Ozelo MC, Svirin P, Larina L. Use of recombinant factor
VIIa in the management of severe bleeding episodes in
patients with Bernard-Soulier syndrome. Ann Hematol
2005; 84: 816–822.

63 Khalil A, Seoud M, Tannous R, et al. Bernard-Soulier
syndrome in pregnancy. Clin Lab Med 1998; 20: 125–
128.

64 Fausett B, Silver R. Congenital disorders of platelet func-
tion. Clin Obst Gynecol 1999; 42 (2): 390–405.

9781405169158_4_006.qxd  10/23/08  11:18 AM  Page 69



70

Introduction

Inherited bleeding disorders are underestimated in
women in terms of their frequency and severity.
Because of the concept of carriership in hemophilia,
women are expected to carry bleeding disorders but
not to be symptomatic. Excessive bleeding during
menstruation and childbirth is usually overlooked by
the women and their care givers [1, 2] as bleeding is
expected during these events. In addition, because of
the inherited nature of these disorders many of their
female family members also have abnormal bleeding
symptoms. There may be social and cultural issues
that prevent these women from seeking medical advice,
especially in developing counties. Furthermore, assess-
ment of blood loss during menstruation and delivery is
very subjective and usually underestimated.

Menstruation is a unique, significant and frequent
hemostatic challenge for women. Similarly, ovulation
is another monthly event that requires an integral
hemostatic system. Most gynecological conditions
either present with bleeding, such as fibroids and
polyps, or symptoms secondary to bleeding, such as
endometriosis and some ovarian cysts. Therefore,
women and especially those of reproductive age are
more likely to suffer from bleeding disorders and can
be symptomatic with even mild forms. Data from the
United Kingdom Haemophilia Centre Doctors Organ-
isation (UKHCDO) show that 62%, 67%, and 68%

of patients with von Willebrand disease (VWD), factor
XI (FXI) deficiency, and platelet function disorders,
respectively, are women, [3]. Data from an interna-
tional registry of 200 families with less common bleed-
ing disorders indicate that over 70% of women on the
registry are of reproductive age, the majority with
menorrhagia (Table 7.1) [4]. Women with bleeding
disorders are more likely to suffer from and present with
gynecological problems because of their inherited
bleeding tendency. Therefore, obstetricians and gyne-
cologists have a pivotal role in the identification of these
women. However, there seems to be a lack of aware-
ness among obstetricians and gynecologists of the high
prevalence and the magnitude of bleeding disorders in
women. In a survey in the UK, only 13% and 2% of
gynecologists would consider clotting screen and test-
ing for VWD, respectively, when managing menor-
rhagia [1]. Similarly, a US survey found that 17% of
physicians would order bleeding time determination
for reproductive age women with menorrhagia and
only 4% would consider VWD as the cause of menor-
rhagia [2]. Increased awareness among obstetricians
and gynecologists and hematologists as well as their
combined expertise are crucial for optimal manage-
ment of these women.

Assessment of menstrual blood loss and
diagnosis of menorrhagia

Menorrhagia is the most common presenting symp-
tom for women with bleeding disorders. However,
menorrhagia is not easy to define. Subjectively, it is
defined as excessive or prolonged menstrual loss that
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occurs at regular intervals over several cycles. Based
on a population study (476 women from Göleborg,
Sweden) in 1966, average menstrual loss was shown
to be 30–40 mL per cycle with the upper limit of normal
loss 60–80 mL [5]. A reduction in hemoglobin con-
centration and plasma iron concentration were noted
when menstrual loss was between 60 and 80 mL, with
a more marked decrease with menstrual loss greater
than 80 mL [5]. Thus the 80 mL criterion was adopted
as the definition for menorrhagia. Subjective diagnosis
relying on the women’s descriptions can be inaccurate,
and only 40–50% of women complaining of heavy
menstrual loss have losses more than 80 mL [6, 7].
Objective assessment can only be performed by the
alkaline hematin method [8]. This method is specialized,
time-consuming, and costly. It involves the collection
of used sanitary protection by the women. It is, there-
fore, neither suitable nor feasible for clinical practice.
In addition, doubt has been cast on the validity and the
clinical usefulness of the 80 mL criterion. In a recent
study, the greatest proportion of women with low
hemoglobin (<12 g/dL) and ferritin levels were those
with menstrual blood loss (MBL) of >120 mL, and no
differences were observed in women with a MBL above
or below 80 mL [9]. Thus 40 years on, with changing
reproductive patterns and dietary habits, the effect of
menstrual loss on women’s health may now be differ-
ent. Women with heavy menstruation have many con-
cerns other than the volume of their menstrual loss,
such as pain, mood changes, and worries about health
and quality of life. Therefore the exact assessment of

menstrual loss may be of limited usefulness, and clini-
cians should focus on the impact of menstruation on
the iron status, quality of life, and its associated symp-
toms when managing a woman with menorrhagia.

Clinical features associated most strongly with
excessive menstrual loss are the frequency of changing
sanitary protections and the passage and sizes of the
clots during menstruation [10]. A low serum ferritin
level correctly predicts 60% of women with losses of
more than 80 mL [10]. Adding the presence of clots
larger than a 50 pence piece (2.7 cm) and changing
protection less than every 2 hours increases the sensit-
ivity to 76% [10]. Therefore, subjective judgment can
be improved by including these important clinical fea-
tures. The pictorial blood assessment chart (PBAC,
Appendix ii) is a semi-objective method that takes into
account the number of towels and tampons used, the
degree to which individual items are soiled with blood,
the passage of clots, and flooding [11]. Using a special
scoring system, a score of 100 or more was reported 
to have a sensitivity and specificity of >80% for the
diagnosis of menorrhagia (menstrual blood loss of 
80 mL or more with the alkaline hematin method) by
Higham et al. [11]. Good acceptance and simplicity of
use were also reported in the same study. This chart
has been validated in another study by Janssen et al.
[12]. However, this group suggested a cut-off score 
of 185 for the diagnosis of menorrhagia to achieve
equally high predictive values for positive and negat-
ive tests. Clinicians may choose different cut-off levels
depending on the desired sensitivity and negative 

Deficiency Women/total Reproductive Women with EMB/ 
patients age women (%) reproductive age 

women (%)

VWD type 3 182/385 130 (71) 90/130 (69)
Fibrinogen 28/55 20 (71) 10/20 (50)
F II 8/13 8 (100) 6/8 (75)
FV 10/35 10 (100) 5/10 (50)
FV + FVIII 12/27 12 (100) 7/12 (60)
FVII 10/28 10 (100) 6/10 (60)
FX 9/32 8 (90) 4/8 (60)
FXI 13/38 13 (100) 1/13 (10)
FXIII 37/93 20 (54) 7/20 (35)

EMB, excessive menstrual bleeding; F, factor; VWD, von Willebrand disease.
From Lukes et al. [4].

Table 7.1 Women with rare bleeding
disorders and proportion with
excessive menstrual bleeding
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predictive value of the test. In a population with a high
prevalence of iron deficiency such as in women with
bleeding disorders, a highly sensitive test is needed to
avoid underestimation of menstrual blood loss. Thus,
we use a lower score of 100 in our population. In iden-
tifying bleeding disorders in women with menorrhagia,
a PBAC score >100 was also shown to be a useful
parameter as part of a clinical screening tool developed
recently by Philipp et al. [13] and it significantly
increased the sensitivity of their tool.

Menorrhagia as a predictor for 
bleeding disorders

Menorrhagia is the most common symptom of bleed-
ing disorders in women [4, 14, 15]. It is also the pre-
senting symptom in the majority of them. Therefore,
menorrhagia can be a valuable predictor for bleed-
ing disorders in women. This concept has been long
appreciated in adolescent girls presenting with acute
menorrhagia. More recently, there is increasing evid-
ence that menorrhagia can be due to an undiagnosed
bleeding disorder in a significant proportion of women
and screening for these disorders especially VWD has
been suggested. Regarding VWD, a systematic review
by Shankar et al. [16] showed an overall prevalence 
of 13% (95% CI 11–15.6%) among 988 women in 
12 studies (see Fig. 4.2). This is significantly higher
than the 1–2% prevalence in the general population
[17, 18]. The prevalence was higher in European stud-
ies than in North American studies [18% (95% CI
15–23%) vs 10% (95% CI 7.5–13%) P = 0.007]. This
may be due to the ethnic composition of study popu-
lations with a higher number of black women in the
North American studies. Black people are known to
have a higher von Willebrand factor (VWF) and lower
prevalence of VWD. Further discussion on epidemio-
logy of VWD in women is found in Chapter 4.

In addition to VWD, hemostatic abnormalities such
as factor VIII [19], factor XI deficiency [19], disorders
of fibrinolysis [20, 21], and platelet function [22] 
have also been identified in women presenting with
menorrhagia. In a study by Philipp et al. [22], platelet
aggregation abnormalities were noted in a high pro-
portion of 74 women with idiopathic menorrhagia. The
maximal percent platelet aggregation was decreased
with one or more agonists in 35 (47%) women.
Decreased adenosine triphosphate release was also

noted in 58% of the patients compared with 23% in
the control subjects. These abnormalities were far
more prevalent in the black population. Further studies
are required to assess the role of platelet aggregation
and release in normal menstruation and the potential
role of platelet function abnormalities as a cause of
heavy menstruation. For further discussion on platelet
disorders, see Chapter 6.

Screening for bleeding disorders in
women with menorrhagia

The above data indicate that a high proportion (up to
50%) of women with idiopathic menorrhagia may
have a laboratory abnormality of hemostasis. Exten-
sive hemostatic testing in all women with menorrhagia
is not feasible and is unnecessary. A screening tool is
required to help clinicians identify those likely to have
a bleeding disorder for appropriate referral to a hema-
tologist and assessment of their hemostasis.

To date, there is no clear consensus or guidance on
what should be used as a screening tool. The American
College of Obstetricians and Gynecologists published
a committee opinion in 2001 recommending testing 
in the following situations: all adolescents with severe
menorrhagia, adult women with no identifiable cause
for menorrhagia, and women undergoing hysterectomy
for menorrhagia [23]. However, there is currently
insufficient evidence to support these recommenda-
tions. The presence of a pelvic pathology does not
eliminate the possibility of VWD and may even unmask
the condition in previously asymptomatic women [24].
The National Institute for Health and Clinical Excel-
lence in the UK recommends hemostatic testing for
menorrhagia during the teenage years and in women
with menorrhagia since menarche and those with a
personal or a family history suggesting a coagulation
disorder [25]. Menorrhagia since menarche is a strong
predictor of a bleeding disorder. This was present in
65% of women with menorrhagia who were diagnosed
with a bleeding disorder compared with 9% in those
with normal hemostasis [26]. However, many women
may present toward the end of their reproductive
age because of increased anovulatory cycles and the
appearance of pelvic pathologies. In addition, many
women stop the use of hormonal contraception at this
age, which may have controlled their menorrhagia for
many years. A focused history, including family and
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personal history of bleeding symptoms, is useful in the
identification of women who are more likely to be
affected by a hemostatic disorder. Bleeding symptoms
that are most predictive of a bleeding disorder are
bleeding after dental extraction, postoperative bleed-
ing, and postpartum bleeding [26]. However, many
women and especially girls presenting with menor-
rhagia may not have been challenged by trauma or
surgery, and menorrhagia may be their only bleeding
symptom [26].

Recently, a standardized questionnaire with a bleed-
ing score has been suggested as a useful screening tool
for VWD [27]. In a study of 42 women with docu-
mented VWD at the Royal Free Hospital using a
bleeding score >5, this tool had a sensitivity of 83%
[28]. A recent screening tool by Philipp et al. [13]
appears promising for identification of both VWD and
platelet function disorders. Based on analysis of bleed-
ing symptoms of 146 women with menorrhagia, they
identified a combination of bleeding and menstrual
symptoms with a sensitivity of 81% (95% CI 74–
89%) and positive predictive value of 71% (95% CI
63–71%) for hemostatic abnormalities [13]. Further-
more, the addition of a PBAC score of >100 increased
the sensitivity of the screening tool to 95% (95% CI
91–99%) [13].

Laboratory testing for the diagnosis bleeding dis-
orders is addressed in Chapter 1.

Gynecological problems in women with
bleeding disorders

Normal menstruation is a complex process. Hemostasis
(including primary platelet aggregation, and subse-
quent secondary fibrin formation with concurrent
fibrinolytic modeling of the fibrin clot) plays an import-
ant part in the control of bleeding (Fig. 7.1). There-
fore, hemostatic abnormalities are commonly associated
with excessive or prolonged menstruation. Further-
more, women with these disorders are more likely to
be symptomatic and suffer from other gynecological
problems, especially those who present with bleeding
or symptoms secondary to bleeding.

Menorrhagia

Menorrhagia is a common and major health problem
for women with inherited bleeding disorders. It usu-
ally starts at menarche and may persist throughout
their reproductive life. In VWD, menorrhagia is the
most common bleeding symptom with a reported
prevalence of 74–93% [14, 29, 30]. An international
survey of 44 women with severe VWD, mainly types 2
and 3, reported severe menorrhagia requiring blood
product therapy at least once in 80% of the women
[31]. Using a PBAC to assess menstrual blood loss,
menorrhagia (PBAC score >100) was confirmed in
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Fig. 7.1 Pathophysiology of
hemostasis of menstruation resulting
in menorrhagia. PG, prostaglandin.
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74%, 59%, and 57% of women with VWD, FXI
deficiency, and carriers of hemophilia, respectively
(Fig. 7.2) [29]. The duration of menstruation was also
found to be significantly longer, with more episodes of
flooding in women with inherited bleeding disorders
than in the control group. Excessive menstrual loss
was more often reported by 105 menstruating carriers
of hemophilia than by non-carriers, especially those
with factor levels below 40 IU/μL [32]. Similarly,
menorrhagia is reported in the majority of women
with platelet dysfunction [33, 34] and rare bleeding
disorders (Table 7.1) [4].

Heavy menstruation is a major cause of iron defici-
ency in women. A past or present history of anemia
has been reported in 64% of 81 menstruating women
with type 1 VWD [30]. Many women undergo unne-
cessary surgical interventions, including early hysterec-
tomy for unexplained menorrhagia, often prior to 
the diagnosis of their bleeding disorders. In a recent
survey, more women with VWD underwent hysterec-
tomy (25% vs 9%) and at a younger age (33 vs 38
years of age) than the control subjects [15]. In a study
by Woo et al. [35], four out of five women diagnosed
with VWD had undergone hysterectomy for control of
menorrhagia before VWD testing.

Menstruation has a major influence on a woman’s
lifestyle and employment. Quality of life during men-
struation has been shown to be worse in women with
bleeding disorders than in control subjects [36]. All
scales of health-related quality of life are significantly 

affected in women with inherited bleeding disorders
with pain, mental health, vitality, and social function-
ing the worst affected parameters [37]. Among indi-
viduals with VWD, women are less likely than men 
to undertake higher (college or university) education
(5.5% vs 35%) [38]. It is possible that this burden 
of morbidity reflects the effect of menorrhagia dir-
ectly, by physical and social limitations, or indirectly
because of chronic iron deficiency secondary to men-
orrhagia. Early recognition, accurate diagnosis, and
appropriate management of bleeding disorders should
improve not only the quality of care for these women
but also their quality of life.

Management of menorrhagia in women with
inherited bleeding disorders

Ideally, women with bleeding disorders should be
managed in a multidisciplinary clinic, including a
hematologist and a gynecologist, within the network
of hemophilia treatment centers (HTCs). This ensures
the provision of comprehensive care with accurate on-
site hemostasis testing and the availability of appro-
priate hemostatic agents when required. In a survey by
the Centers for Disease Control and Prevention in the
USA, 95% (71 out of 75) of women receiving care in
HTCs reported a strong positive opinion and satisfac-
tion [39]. Similar positive findings were also reported
in the UK among women managed in a multidisciplin-
ary clinic at the Royal Free Hospital in London [40].
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Investigations
Once an underlying hemostatic abnormality is detected,
the next question is what investigations, specifically
gynecological investigations, are necessary for assess-
ment of these women. Menorrhagia in women with
disorders of hemostasis may be due to the underlying
hematological problem, but not necessarily exclusively.
Thus, menorrhagia may be multifactorial and other
causes must be considered. In a survey of women with
VWD, half of the women undergoing hysterectomy
for menorrhagia had additional uterine pathology
such as fibroids or endometriosis [30]. Local uterine
causes must be evaluated, especially the possibility of
malignancy in older women. Table 7.2 presents the
investigations used for women with menorrhagia in
general and the level of evidence to support their use-
fulness [25]. Most of these investigations have not
been assessed in bleeding disorder-related menorrhagia.
For clinical practice, the results of general menor-
rhagia patients can be extrapolated. However, the risk
of bleeding complications and the need for blood
products must always be assessed against the possible
benefit prior to any invasive investigations.

Therapeutic options for menorrhagia
Management of menorrhagia involves consideration
of the patient’s age, childbearing status, and her need
for contraception as well as preference in terms of per-
ceived efficacy and side-effect profile. The therapeutic

options in women with bleeding disorders include
medical (non-hormonal and hormonal) and surgical
treatments. They are similar to the treatment options
for menorrhagia in general (this is addressed in
Chapter 2). However, women with inherited bleeding
disorders may also require of the use of hemostatic
agents such as desmopressin (DDAVP) and clotting
factor replacement for the control of menorrhagia,
especially those with severe disorders. A management
algorithm is presented in Fig. 7.3.

Medical treatment of menorrhagia

a. Non-hormonal treatment
Antifibrinolytic therapy Tranexamic acid an anti-
fibrinolytic agent that reversibly blocks lysine binding
sites on plasminogen and prevents fibrin degrada-
tion. Increased fibrinolysis is well documented in the
endometrium with menorrhagia [20]. Tranexamic
acid treatment was associated with a significant reduc-
tion in endometrial tissue plasminogen activator (t-PA)
levels in 12 menorrhagic women [41]. In another
study, tranexamic acid was also shown to significantly
reduce t-PA and plasmin activity in the menstrual as
well as in the peripheral blood of menorrhagic women
compared with pre-treatment values [42].

In a systematic review by Lethaby et al. [43], two
trials showed a significant reduction in mean men-
strual blood loss (94 mL, 95% CI 36.5–151.4 mL)

Table 7.2 Summary of levels of evidence of menorrhagia investigations

Investigations Level of evidence in menorrhagia in general [25] Level of evidence of menorrhagia 
with bleeding disorders

PBAC D – against C – in favor
FBC/CBC C – in favor C – in favor
Serum ferritin B – against C – in favor
Female hormone testing C – against ?
Thyroid function test C – in favor (only when clinically indicated) C – in favor
Pelvic scan A – in favor ?
Saline sonography A – against ?
Endometrial biopsy D – in favor (only if persistent inter-menstrual bleeding,  

age >45 or failed medical treatment) ?
Hysteroscopy A – in favor (only when only ultrasound outcomes are 

inconclusive) ?
Dilation and curettage B – against ?

A, randomized trial; B, robust observational; C, case series; D, good practice point; ?, unknown – not studied; FBC/CBC, full
blood count/complete blood count; PBAC, pictorial blood assessment chart.
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with antifibrinolytic therapy compared with placebo
[44, 45]. Tranexamic acid was also superior to non-
steroidal anti-inflammatory drugs (NSAIDs) in the
reduction of menstrual loss; 54% versus 20% when
compared with mefenamic acid [46], and 44% versus
20% when compared with flurbiprofen. However,
none of them affected the duration of menses [46].

Oral tranexamic acid is generally well tolerated by
women with menorrhagia. Nausea and diarrhea are
the most common side-effects. Adverse events with
tranexamic acid treatment for menorrhagia were not
higher than with placebo, NSAIDs, cyclic progestogens,
or ethamsylate in the Cochrane systematic review [43].
There have been isolated reports of thromboembolic
complications with the use of tranexamic, which have
led to a reluctance to use it. However, the incidence of
thrombosis, over 19 years and 238 000 patient-years
of treatment with tranexamic acid, was shown to be
similar to the spontaneous frequency of thrombosis 
in women in the general population [47]. Nonethe-
less, the use of tranexamic acid is contraindicated in
patients with a history of thromboembolic disease.

The Royal College of Obstetricians and Gynaeco-
logists’ guidelines in the UK recommend tranexamic
acid for 3 months as a first-line medical treatment for

menorrhagia [48]. If successful, tranexamic acid can
be used indefinitely in patients not requiring contra-
ception or who prefer non-hormonal treatment. In
women with bleeding disorders, tranexamic acid is
widely used (orally, intravenously, or topically, alone
or as an adjuvant therapy) in the prevention and man-
agement of oral cavity bleeding, epistaxis, gastro-
intestinal bleeding as well as menorrhagia. However,
there is a lack of objective data on its efficacy in reduc-
ing menstrual loss in these women. At the Royal Free
Hospital in London, as a first-line therapy tranexamic
acid 1 g 6 hourly was successful in 40% of 37 women
with various causes of bleeding disorder-related menor-
rhagia by reducing menstrual loss to a PBAC score 
of <100 or to the woman’s satisfaction [40].

The bioavailability of tranexamic acid is only about
35%; therefore, frequent administration (6 hourly) is
necessary. This may reduce patient compliance. There
have been reports of successful use of single, high-dose
antifibrinolytic therapy (tranexamic acid at a dose of 
4 g orally) in four VWD patients [49, 50]. However,
this regime can be associated with severe nausea and
vomiting. A new modified-release tranexamic acid for-
mulation (XP12B) that allows less frequent dosing is
currently being assessed for treatment of menorrhagia.

1. Hysterectomy
2. Endometrial ablation

Can also consider
surgical options

1. Antifibrinolytic therapy
 a.  tranexamic acid
 b.  epsilon-amino
  caproic acid
2.  DDAVP
 a.  intranasal
 b.  subcutaneous

Hemostatic measures

Would the patient like
to become pregnant now?

Would the patient like
to preserve fertility?

1. Levonorgestrel IUS
2. Combined oral
 contraceptive
3. Progestins
4. GnRH agonist with
 add back therapy

Hormonal measures

NoYes

NoYes

Fig. 7.3 Algorithm of management of
menorrhagia. DDAVP, desmopressin;
IUS, intrauterine System; GnRH,
gonadotrophin-releasing hormone.
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γ-Amino caproic acid is also an antifibrinolytic agent,
but less potent than tranexamic acid. It can be used
when tranexamic acid is not available.

Desmopressin (1-desamino-8-d-arginine vasopressin,
DDAVP) is a synthetic analog of the antidiuretic hor-
mone vasopressin. It increases the plasma concentra-
tion of FVIII and VWF through endogenous release
[51, 52]. It is an important therapeutic alternative to
plasma-derived coagulation products because it is
effective in selected cases and avoids the risks of infec-
tion with blood-borne viruses. A test dose (as reviewed
in Chapter 4) is recommended before treatment to
assess its effectiveness as the response is not universal.
DDAVP has been shown to be effective in the preven-
tion and treatment of bleeding episodes in patients
with mild VWD and hemophilia A. It can also be effect-
ive in some types of platelet disorders because of its
effect on increasing platelet adhesiveness [53]. DDAVP
is available in several formulations. It can be adminis-
tered parenterally via intravenous or subcutaneous
injection, or nasally as a spray. Intranasal administra-
tion of DDAVP is an attractive route because it allows
patients to treat themselves at home without delay at
the onset of menstruation, and without the use of 
needles [54, 55]. The effect of intranasal administration
of 300 μg with a metered-dose spray is similar to that
of a 0.2 μg/kg intravenous injection, with a similar
reproducibility of the hemostatic effect [56].

Case series have shown subcutaneous [57] and
intranasal DDAVP [58] to be effective in the man-
agement of menorrhagia in women with bleeding 
disorders who respond to DDAVP. Subjectively, the
efficacy of DDAVP was reported as excellent or good
in 86% and 92% of women treated with subcutaneous
and intranasal DDAVP, respectively, in reducing their
menstrual flow [57, 58]. However, in a randomized
placebo-controlled crossover trial using a PBAC,
intranasal DDAVP was not significantly (P = 0.51)
different from placebo in reducing PBAC scores [59].
There was a statistically significant reduction in the
PBAC score (P = 0.0001) in both groups compared
with the pretreatment score and a trend towards a
lower score when using intranasal DDAVP. It is pos-
sible that this difference did not reach statistical signi-
ficance because of the small sample size. Similarly,
intranasal DDAVP was not significantly different from
placebo in reducing menstrual loss in 20 women with
menorrhagia and prolonged bleeding [60]. However,
there was a statistically significant decrease in men-

strual blood loss when the DDAVP was combined
with tranexamic acid. DDAVP has been shown to
increase tissue t-PA in the circulation [52]. t-PA is the
main physiological activator of the fibrinolytic system
in blood and in the endometrium. It is possible that
tranexamic acid counteracts the increased fibrinolytic
activity induced by DDAVP, making the combination
treatment more effective. In a recent US multicenter
randomized crossover study of nasal DDAVP spray
versus tranexamic acid, both treatments reduced PBAC
scores and improved the quality of life in women with
abnormal hemostasis. However, the reduction in men-
strual scores was significantly greater with tranexamic
acid treatment [61].

Common side-effects of DDAVP are mild tachy-
cardia, headache, and flushing. These are related to its
vasomotor effects. Owing to the antidiuretic effect of
DDAVP, there is a small risk of hyponatremia and
potentially water intoxication. This complication can
be greatly reduced by restriction of fluid intake and
avoidance of low-sodium drinks. In a small series by
Dunn et al. [62], women had a much higher incidence of
side-effects and the majority of the incidents coincided
with the use of DDAVP nasal spray to control men-
orrhagia. The premenstrual phase is an antidiuretic
phase due to the effect of progesterone. This may 
contribute to the increased risk of water retention 
of DDAVP when used for menorrhagia. Avoidance 
of treatment in the first day of the menses may help
reduce the risk. We adopt this policy in our center and
we have not had any serious side-effects.

Currently, there is no consensus regarding the 
optimum dose and duration of nasal DDAVP for
treatment of menorrhagia in women with bleeding
disorders. Most studies have used high-dose DDAVP
intranasal spray 150–300 μg once or twice daily dur-
ing the first 2–3 days of the menstrual period. This is
based on the finding that 90% of all menstrual flow
occurs during the first 3 days. However, the pattern of
menstruation seems to be different in women with
bleeding disorders. Women with bleeding disorders
bleed heavily throughout their menstruation [29].
Therefore, it is essential to adjust the dose and dura-
tion of treatment according to the patient’s menstrual
pattern. Personal experience from our center indicates
that a once-daily dose regime for a longer duration
(4–5 days), especially in combination with tranexamic
acid, can improve the efficacy of the treatment without
an increase in adverse events.
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Non-steroidal anti-inflammatory drugs (NSAIDs)
have been shown to be more effective than placebo 
in reducing menstrual blood loss but less effective 
than tranexamic acid [63]. NSAIDs have the added
advantage of reducing menstrual pain and menstrual
migraine. However, their use is contraindicated in
women with inherited bleeding disorders because of
their antiaggregator effect on platelet function. This
highlights the need for awareness of inherited bleeding
disorders as a potential cause of menorrhagia in order
to avoid the use of NSAIDs in such cases.

Ethamsylate is a hemostatic agent that maintains
platelet and capillary integrity and affects prostaglandin
synthesis. In the only randomized controlled trial in
women with menorrhagia, ethamsylate showed no
reduction in menstrual blood loss compared with
20% and 54% reduction found with mefenamic acid
and tranexamic acid, respectively [46]. There are no
data on the efficacy of this treatment in women with
bleeding disorders. However, it may have a different
effect on heavy menstrual loss in these women because
of its positive effect on platelets. Further studies are
warranted to assess its use in bleeding disorder-related
menorrhagia.

b. Hormonal treatment
Combined hormonal contraceptive methods currently
available include combined oral contraceptives (COCs),
transdermal contraceptive patches and vaginal rings.
Combined hormonal contraceptives (CHCs) are a
highly reliable method of birth control. They are also
useful for cycle regulation and to improve symptoms of
dysmenorrhea and premenstrual tension. They inhibit
the growth and development of the endometrium and
reduce menstrual blood loss in women with or with-
out menorrhagia [64, 65]. The COCs are the most com-
monly used method in clinical practice. In a trial of a
50 μg ethinylestradiol pill, menstrual loss was reduced
by 52.6% in 68% of 164 women with objective men-
orrhagia [66]. The newer low-dose COCs are also
shown to significantly reduce menstrual loss by 43%
in a randomized controlled trial [67]. The efficacy of
COCs in reducing menstrual blood loss in women
with bleeding disorders is unknown. In a survey of
women with VWD (types 2 and 3) unresponsive to
DDAVP, the use of COCs was reported to be effective
in controlling menorrhagia in 88% of the women [31].
On the other hand, in type I patients, a standard dose
and a higher dose COC were effective in only 24%

and 37% of the cases, respectively [30]. COCs sup-
press ovulation. Therefore, in women with bleeding
disorders, they have an added advantage of preventing
ovulation bleedings that can be recurrent and poten-
tially life-threatening, especially in those with severe
disorders [68].

Traditionally, CHCs are used in a regimen of 21
hormonally active days, followed by 7 hormone-free
days (21/7) during which uterine bleeding occurs. 
In recent years, the extended or continuous admin-
istration of CHCs (greater than 21 days of active 
hormones) has been reported as a successful regime in 
the treatment of endometriosis, dysmenorrhea, and
other menstruation-association symptoms [69, 70].
Avoidance of menstruation through continuous dos-
ing of CHCs has potential benefits, which include less
interference with daily activities or special events and
less menstruation-related absenteeism from work or
school [71, 72]. The Cochrane systematic review of six
randomized controlled trials of continuous (ranging
from 49 days to 365 days) versus cyclical (28 days) use
of COCs concluded that both regimes have similar
patient satisfaction, compliance, pregnancy rate, and
safety [73]. It also showed that continuous adminis-
tration has a similar, if not better, effect on improving
bleeding patterns and may improve menstruation-
associated symptoms (headaches, genital irritation,
tiredness, and menstrual pain). This regime could be
very helpful in the management of menorrhagia in
women with bleeding disorders as this regime allows
women to control the timing and reduce the frequency
of their menstruation. It may also be more effective than
the cyclical regime in reducing menstrual blood loss.

Increased risk of thrombosis is the main concern
associated with the use of CHCs. However, women
with bleeding disorders have a low inherited thrombotic
risk. Serious side-effects of CHCs include hyperten-
sion and, rarely, impaired liver function and hepatic
tumors. Other less serious side-effects include nausea,
vomiting, headache, breast tenderness, breakthrough
bleeding, fluid retention, depression, and skin reactions.

Oral progestogens are one of the most commonly
prescribed medications for menorrhagia. There are
two different cyclical regimes of oral progestogens: a
short luteal phase treatment (days 19–26 or days
15–25) or a longer 21 day course starting from day 5
of the cycle. A Cochrane systematic review, including
six randomized controlled trials of the short luteal
phase oral progestogen therapy, showed this regime to
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be significantly less effective in reducing menstrual
blood loss than danazol, tranexamic acid, and the 
progesterone-releasing intrauterine system (IUS) [74].
A single trial comparing a long 21 day course (norethis-
terone 5 mg three times daily) with the levonorgestrel
intrauterine system (LNG-IUS) showed a significant
reduction in menstrual blood loss in both groups, but
oral progestogen was less effective and acceptable by
patients when compared with LNG-IUS [75].

Cyclical 21 day progesterone therapy can be con-
sidered as a second-line treatment for patients who 
do not respond to other medical therapies previously 
discussed or in whom such treatments are contraindic-
ated. Owing to its side-effects and the long duration of
treatment each cycle, the compliance with this regime
is not usually good. The side-effects include fatigue,
mood changes, weight gain, bloating, headaches, 
depression, irregular bleeding, and an adverse effect
on bone density and lipid profile.

Oral progestogens in high doses alone, or in com-
bination with DDAVP or clotting factor concentrate,
may be useful in the treatment of acute menorrhagia in
women with inherited bleeding disorders. Other forms
of progestogens, injections or implants, have not been
evaluated in women with menorrhagia, but studies in
women without menorrhagia have shown that a con-
siderable proportion of women experience amenor-
rhea with such therapies. More research is needed
before recommendation can be made for women with
menorrhagia with or without bleeding disorders. In
addition, these modes of administration can be asso-
ciated with a risk of excessive bruising and hematoma
in women with bleeding disorders, especially severe
forms.

Danazol and gonadotrophin-releasing hormone
(GnRH) agonists are effective in reducing menstrual
loss and duration of menstruation. Data on their effect-
iveness in the treatment of menorrhagia related to
bleeding disorders are lacking. The profile of their side-
effects and risks associated with a long-term hypo-
estrogenic state make them unacceptable for long-term
use. Danazol may have a carry-over effect on reducing
the menstrual loss [76]. Therefore, intermittent use of
danazol has been suggested to increase acceptability
and reduce side-effects. GnRH agonists with simul-
taneous hormone replacement therapy (add-back ther-
apy) with combined estrogen/progesterone or tibolone
may be an alternative option to surgery for women
with severe bleeding disorders, such as type 3 VWD or

Glanzmann thrombasthenia, not responding to other
treatments.

The levonorgestrel-releasing intrauterine system
(LNG-IUS, Mirena, Schering, Germany) is an intrau-
terine system that steadily releases 20 μg of levon-
orgestrel into the endometrial cavity per 24 hours 
over a recommended duration of use of 5 years. It was
originally developed as a contraceptive device. It sup-
presses endometrial growth causing the glands of the
endometrium to become atrophic [77], thus reducing
the menstrual loss. In a recent study the LNG-IUS was
also shown to have antifibrinolytic properties within
the endometrium, with significant increased plasmino-
gen activator inhibitor levels and increased urokinase–
plasminogen activator receptors levels after 6 months
of use [78]. In terms of its clinical efficacy, in a system-
atic review by Stewart et al. [79], LNG-IUS was shown
to reduce menstrual blood loss by 74% and 97% at 3
and 12 months in women with menorrhagia and normal
coagulation. The Cochrane systematic review revealed
LNG-IUS to be more effective in the treatment of men-
orrhagia than oral norethisterone given during days
5–26 of the menstrual cycle [80]. In another trial of
women awaiting hysterectomy for the treatment of
menorrhagia, 64% of women randomized to have the
LNG-IUS decided to cancel the hysterectomy at 6
months compared with 14% for those who continued
with their existing medical treatment (prostaglandin
synthesis inhibitors or fibrinolysis inhibitors) [81]. All
quality of life scores were significantly higher in the
LNG-IUS group at 6 months.

When compared with endometrial ablation, LNG-
IUS appears to be slightly less effective in reducing 
the menstrual loss [80]. A larger proportion of women
with ablation (92%) had successful treatment (as 
measured by a PBAC score of less than 75) than those
with LNG-IUS (75%). However, there was no signi-
ficant difference in the rates of satisfaction with 
treatment or hemoglobin values after treatment [80].
Endometrial ablation may provide a quicker resolu-
tion to menstrual symptoms, but it is not suitable for
women who want to preserve their fertility. The 
LNG-IUS is an effective reversible contraception. It is
an attractive treatment option for women who require
contraception and wish to preserve their fertility 
and for those who are unlikely to comply with drug
treatments.

In a study by Kingman et al. [82], the use of 
LNG-IUS was evaluated in 16 women with inherited
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bleeding disorders (13 VWD, two FXI deficiency and
one Hermansky–Pudlak syndrome) and menorrhagia
not responding to various medical treatments. Nine
months after the insertion of the IUS, the PBAC scores
decreased significantly from a median of 213 (range
98–386) to 47 (range 24–75). Nine women became
amenorrheic. The hemoglobin concentrations increased
significantly from a median of 12.1 g/dL (range 8.0–
13.2 g/dL) to 13.1 g/dL (range 12.3–14) (P = 0.0001).
Quality of life was also improved with the treat-
ment. No side-effects were reported except irregular
spotting. The duration of spotting ranged from 30 to 
90 days (median 42 days). In another study conducted
in New York, the use of LNG-IUS was associated
with a significant reduction in menstrual bleeding in
13 women with inherited bleeding disorders (11 VWD,
one carrier of hemophilia A, one platelet function 
disorder) [83]. Similarly, there was a significant
improvement in the quality of life in all women. 
The median duration of spotting after insertion was
12 weeks.

The long-term (5 years) efficacy of LNG-IUS for
contraception is well established. However, data on its
long-term efficacy in the treatment of menorrhagia are
limited. The LNG-IUS was found to induce atrophy of
the endometrial epithelium for more than 5 years [84],
which provides a rationale for the reduction of men-
strual blood loss for a prolonged period of time. An
observational study has demonstrated a continuation
rate of 50% after a mean 54 months of follow-up.
Among these women, 57% had occasional bleeding
and 35% had amenorrhea [85]. A significant reduc-
tion in menstrual blood loss and an increase in hemo-
globin and serum ferritin levels were shown to last for
as long as 36 months in women with idiopathic men-
orrhagia [86].

A recent study assessing the long-term effect of
LNG-IUS in the management of menorrhagia in
women with inherited bleeding disorders suggests that
this treatment continues to be effective at a median
duration of 53 months (range 24–60 months) after
insertion [87]. The PBAC score decreased from a
median of 286 (range 165–386) prior to insertion to a
median of 8 (0–77). Six of 13 women in the study were
amenorrheic (Fig. 7.4). Their mean hemoglobin con-
centration increased from 11.5 g/dL (range 10.6–12.9)
to 13.1 g/dL (range 11.8–14.2). There is also a signi-
ficant improvement in all aspects of quality of life
compared with pre-LNG-IUS insertion. There was only
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one discontinuation at 12 months in a woman who
wanted to conceive. All of the women in this study had
mild to moderate factor deficiencies and it would be
interesting to see if this treatment is as effective in
those with severe factor deficiencies.

The overall discontinuation rate for the LNG-IUS
was shown to be 20% in randomized controlled trials
and 17% in the case series [80]. The most common
side-effect associated with LNG-IUS is irregular bleed-
ing/spotting in the first 3–6 months after insertion. It
usually resolves after 6–12 months in the majority of
cases. Amenorrhea is also commonly reported; 44%
of the women had no bleeding after 6 months in one
study [88]. Therefore, appropriate counselling on the
potential changes in the bleeding pattern may help 
to improve its acceptability. The expulsion rates (5–
10%) are similar to other intrauterine devices [89, 90].
Other side-effects of LNG-IUS include those related to
the systematic effects of progestogens, such as weight
gain, bloating, breast tenderness, greasy hair or skin,
acne, nausea, mood changes, and depression. On the
other hand, LNG-IUS has the advantage of also being
a very effective contraceptive, not requiring patient
compliance, and of being better tolerated than sys-
temic progestogens. It may also help menstrual pain. A
66% reduction in pain score has been reported with
this system [91].

Women with bleeding disorders could potentially
be at risk of bleeding at the time of insertion. Adequate
hemostatic coverage is recommended, especially in
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Fig. 7.4 Mirena IUS and pictorial blood assessment chart
scores (PBAC): long-term follow-up ≥24 months after
insertion. 
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women with severe forms of bleeding disorders. LNG-
IUS suppresses ovulation in only 20% of the cycles;
therefore, it may be necessary to continue the use of
the combined oral contraceptive pill in women with
recurrent or severe ovulation bleedings. The use of the
LNG-IUS has been reported to be associated with an
increased occurrence of ovarian cysts [92–94]. Using
transvaginal ultrasound examination, ovarian cysts
have been found in 17.5% and 21.5% of women after
6 and 12 months, respectively, of LNG-IUS use [94].
The cysts are asymptomatic and relatively small. The
majority of these cysts are functional with a high rate
of spontaneous resolution. However, there is a poten-
tial risk of hemorrhage into the cyst in women with
severe hemostatic disorders. Therefore, ultrasound
screening may be indicated in selected women with a
high bleeding tendency to allow early detection and
appropriate follow-up of the cyst. Future studies are
required to assess the incidence and the resolution rate
of ovarian cysts in these women.

Clotting factors Clotting factor replacement, with
either recombinant or plasma-derived factor concen-
trate, will be required in some women with severe
bleeding disorders when they present acutely with
menorrhagia or as regular prophylaxis during men-
struation for those not responding to other treat-
ments. Prophylaxis may also be required in women
planning conception to prevent ovulation bleeding
that is otherwise controlled by COCs. A multidis-
ciplinary assessment approach by hematologists and
gynecologists is crucial in the management of these
women. Further discussion is found in Chapter 4.

Surgical treatment for menorrhagia
Surgical intervention may be required in some women
who do not tolerate medical treatments or where such
treatments have failed. An underlying bleeding dis-
order can potentially be the reason for failed medical
therapy [95]. Surgery may also be indicated in the
presence of pelvic pathology. Women with a late-
onset diagnosis of VWD may prefer a surgical option
because of suffering for decades from the morbidity of
heavy menstruation [96].

Women with inherited bleeding disorders are at
greater risk of bleeding complications from surgery,
including increased perioperative and delayed (7–10
days after surgery) bleeding. Prophylactic treatment 
is recommended in women with bleeding disorders.

Close follow-up for at least 10 days after surgery is
also recommended to monitor specific factor levels
and to assess for delayed bleeding complications. 
Multidisciplinary care by hematological, gynecological/
surgical and anesthetic teams is essential to ensure an
optimal outcome. Any surgical intervention in women
with bleeding disorders should be carried out by experi-
enced professionals. A surgical method with least risk
of bleeding should be chosen. Extra care should be
taken to ensure adequate hemostasis. Bleeding points
should be ligated rather than cauterized and the use of
surgical drains should be considered.

Hysterectomy Hysterectomy is an established, effect-
ive, and definitive treatment for menorrhagia associated
with high patient satisfaction. However, hysterectomy
is a major surgical procedure with significant physical
and emotional complications and social and economic
costs. A large cohort study evaluated 37 298 hysterec-
tomies performed for benign indications in the UK in
1994 and 1995 with a 6 week post-surgery follow-up
and found the associated mortality rate to be 0.38 per
1000 (95% CI 0.25–0.64) [97]. The overall operative 
complication rate was 3.5% (3% severe) and post-
operative complication rate was 9% (1% severe) [97,
98]. Hysterectomy also has a risk of long-term com-
plications, including early ovarian failure, and urinary
and sexual problems. For these reasons, less invasive
alternatives (e.g., endometrial resection and ablation)
have been developed for the treatment of menorrhagia.
However, hysterectomy may remain the only choice
for some women with certain pelvic pathologies.

Endometrial ablation Endometrial ablative techniques
are increasingly used today as an effective alternative
to hysterectomy for the management of heavy men-
strual bleeding. They have a shorter operating time
and hospital stay, quicker recovery, and fewer com-
plications than hysterectomy [99]. In recent years vari-
ous endometrial ablative techniques have evolved. 
The first-generation techniques (resection, laser, and
roller-ball) were introduced in the 1980s. They are
performed under direct vision and require specialized
surgical skills. The second-generation techniques are
designed to ablate the full thickness of the endo-
metrium by the controlled application of heat, cold,
microwave, or other forms of energy. They require
sophisticated equipment and are mostly performed
blindly. A systematic review reported that, in general,
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they are technically simpler and quicker to perform
than first-generation techniques, and satisfaction rates
and reduction in menstrual blood loss are similar
[100]. Second-generation techniques may be a safer
option for women with bleeding disorders because of
less risk of bleeding. The need for fluid distension
media and its risks is avoided. This complication can
be serious if DDAVP is used as a hemostatic cover for
the procedure.

One study evaluated thermal balloon ablation in 70
women with severe menorrhagia and severe system-
atic disease, including 25 with “coagulopathy” [101].
The procedure was performed under local anesthesia
and the success rate was over 90% at 3 year follow-
up. The findings of a smaller retrospective study,
which assessed the efficacy of endometrial ablation in
seven women with VWD-related menorrhagia, were
less favorable [102]. Four women experienced recur-
rence of menorrhagia after a median of 8 months after
ablation, and three of them eventually underwent 
hysterectomy at a median of 11 months after ablation.

Consideration for the presence of an underlying
bleeding disorder may be warranted in women who
“fail” endometrial ablations or continue to have
excessive menstrual bleeding after an ablation. Pro-
phylactic treatment should always be considered to
prevent bleeding complications. Guidance regarding
the selection and use of therapeutic products for
surgery in patients with VWD and other hereditary
bleeding disorders can be obtained from the United
Kingdom Haemophilia Centre Doctors’ Organisation
(UKHCDO) guidelines [103, 104].

Adolescent menorrhagia

Heavy, prolonged, and irregular menstrual periods are
frequent complaints in adolescent girls. This is most
likely to be due to immaturity of the hypothalamic–
pituitary–ovarian axis resulting in anovulatory cycles.
In these girls, only 14% and 56% of the cycles are
ovulatory 1 and 4 years after menarche, respectively
[105]. However, in a significant proportion of these
cases, an underlying bleeding disorder may be iden-
tified [106–111]. Menorrhagia since menarche [108],
positive family history of bleeding symptoms, and
clinical anemia [107] are predictive of a bleeding dis-
order as an underlying cause for heavy menstruation
in these young girls. Acute adolescent menorrhagia
requiring hospital admission is also a strong predictor

of a bleeding disorder [108, 109]. Further discussion
on the prevalence of bleeding disorders in adolescents
with menorrhagia is found in Chapter 4. Menstruation
may be the first hemostatic challenge faced by girls
with an inherited bleeding disorder. With anovulatory
cycles and prolonged shedding of the endometrium, 
it is possible that even mild disorders lead to dispro-
portionately heavy menstrual loss. As VWF and FVIII 
levels increase with age and many of these girls start
using hormonal contraception, menstrual symptoms
are resolved and their bleeding disorders remain 
undiagnosed.

Menorrhagia in adolescent girls is associated with 
a significant morbidity and affects their quality of life
as well as educational achievements. Unfortunately,
there is a lack of evidence and guidance for the opti-
mal management especially for acute menorrhagia.
Clinicians are either unaware or reluctant to use many
effective treatment options such as systemic hormonal
therapy and Mirena IUS, leading to hysterectomy 
in girls as young as 14 years [112]. Nasal DDAVP
spray together with tranexamic acid provides a good
option as a first choice for very young girls and can be
administered in a community setting [113]. These
hemostatic agents can also be used in combination
with hormonal therapies during the period or break-
through bleedings. Combined oral contraceptives are
a safe option for these girls with no adverse effects on
their future fertility or attainment of their peak bone
mass [114]. In a prospective study of young girls (12–
21 years), oral contraceptive use was associated with a
1.5% increase in bone mineral density after 1 year 
[115]. Extended or continuous administration of COCs
can be a very good option for these young girls to
reduce the frequency and severity of their bleed-
ing episodes. Mirena IUS has been used successfully 
in adolescents [116] and should be considered as 
an option when patients do not respond to other hor-
monal therapies. In severe cases, regular prophylaxis
with an appropriate hemostatic agent may be neces-
sary. A GnRH analogue with add-back therapy is also
another option for girls with severe disorders not
responding to other measures. These girls should be
managed by a multidisciplinary team with close col-
laboration between hematologists and gynecologists
to ensure consideration and optimal use of different
treatment strategies and avoidance of hysterectomy.

In cases of acute menorrhagia, after resuscitation and
volume replacement, the replacement of an appropriate
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hemostatic agent and the use of a high dose of hor-
monal therapy is sufficient to control the bleeding in
the majority of cases. There are no data on the best
hormonal option in these circumstances. Progestagens
(medroxy progesterone acetate or norethisterone) in
high doses are commonly used. Large doses of intra-
venous estrogen (e.g., Premarin Wyeth, USA, 25–40 mg
intravenously, repeated 4 hourly to a maximum of 
48 hours) promotes regeneration of the endometrium.
Estrogen in high doses also increases coagulation factors
including FVIII and VWF [117, 118] and promotes
platelet aggregation [119]. Therefore, it can be effect-
ive in controlling severe menstrual bleeding. This should
be used concurrently with a COC pill and antiemetics 
if necessary. In a recent randomized controlled trial,
Premarin was more effective than placebo in con-
trolling blood loss, and 64% of the Premarin-treated
group stopped bleeding after the second dose com-
pared with 11% of the control group [120]. However,
this treatment is not commonly used and may not be
available. GnRH analogs may also be useful in these
situations. Examination under general anesthesia and
evacuation of the blood clots from the uterine cavity
and endometrial curetting should be considered in
intractable cases. The use of a Foley catheter inserted
transcervically and the balloon inflated can also be used
to tamponade the bleeding within the uterine cavity.
Uterine artery embolization has been successfully 
used in a 12 year old girl with plasminogen activator
inhibitor deficiency and life-threatening menorrhagia
at menarche [121]. This should be considered only as
a life-saving measure and a last resort to obviate hys-
terectomy. The long-term effect of this procedure on
fertility is not clearly known. Embolic agents with a
high chance of recanalization of the uterine artery may
be a better option for these girls to preserve their
future fertility. Further experience/studies are required
to determine the best embolic agents as well as the
long-term effect and outcome of pregnancies follow-
ing this procedure.

Dysmenorrhea

Dysmenorrhea is a common gynecological com-
plaint. It has been classified into primary or secondary 
dysmenorrhea. Primary dysmenorrhea occurs in the
absence of organic pathology and usually begins 
during adolescence. The prevalence of dysmenorrhea
is highest among adolescent women, with estimates

ranging from 60% to 93%, depending on the measur-
ement method used [122, 123]. Secondary dysmenor-
rhea is caused by pelvic pathology (e.g., endometriosis,
adenomyosis, and fibroids). Women with bleeding 
disorders commonly experience dysmenorrhea. This
could be secondary to their heavy menstruation or
possibly because they have a higher prevalence of
pelvic pathologies such as endometriosis. The severity
of dysmenorrhea has been shown to be significantly
greater in women with bleeding disorders than in 
a control group [36]; 51% of women with bleeding
disorders reported moderate, severe, or very severe
pain during their period compared with 28% in the
control group. In another study, 86% (70/81) of
women with type 1 VWD reported menstrual pain
rated at a median score of 4 on a Likert scale of 1–10
[30].

NSAIDs are commonly used and effective in the
treatment of dysmenorrhea. Their use, however, is
contraindicated in women with bleeding disorders
because of the antiplatelet aggregating effect, making
the management of dysmenorrhea in these women
difficult. Treatment options for these women include
other types of analgesia such as paracetamol and
codeine or cyclo-oxygenase-2 inhibitors. Combined
oral contraceptives and Mirena IUS are also useful for
the control of menstrual pain. Surgery may be indic-
ated in the presence of pelvic pathologies.

Ovulation bleeding

Ovulation may be associated with some degree of
bleeding. In women with normal hemostasis, this is of
little clinical significance and occasionally may be asso-
ciated with some degree of mid-cycle (mittelschmerz)
pain. In a survey of 81 menstruating women with type
I VWD, 60 reported mid-cycle mittelschmerz pain at a
median intensity of 4 on a Likert scale of 1–10, similar
to the pain that accompanied their menstrual period
[34]. Two-thirds of the cycles associated with mid-
cycle pain have ultrasonically demonstrated pelvic
fluid [124]. This suggests that mittelschmerz is associ-
ated with bleeding at ovulation and could explain the
large proportion of women with VWD suffering from
it.

In women with severe forms of bleeding disorders,
the bleeding may continue into the corpus luteum 
and lead to hemorrhagic ovarian cysts. Rupture of
these cysts may occur and lead to a life-threatening
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hemoperitoneum or broad ligament/retroperitoneal
hematomas. A recent review identified 15 studies,
mostly case reports and case series, reporting one 
or more hemorrhagic ovarian cysts in women with
inherited bleeding disorders [24]. In one study, the
prevalence was found to be 6.8% (9 of 136 women
with VWD) [125].

A conservative approach with clotting factor replace-
ment is advisable for the management of these com-
plications in women with bleeding disorders [126].
Surgery can lead to further damage, especially in cases
with broad ligament hematoma. Surgical intervention,
however, may be necessary in some cases and it is
important to give appropriate prophylaxis to cover
the surgery and postoperative period. Recurrences of
hemorrhagic ovarian cysts can also be a manifestation
of a bleeding disorder [127]. Combined oral contra-
ceptives have been shown to inhibit ovulation [128]
and have been used successfully to prevent recurrences
of such complications [126, 129, 130]. In women with
recurrent ovulation bleeding who wish to conceive,
prophylactic replacement therapy may be indicated.
Alternatively, follicular tracking by serial ultrasound
examination of the ovaries during the follicular phase
and timing the replacement therapy with ovulation
should be considered.

Other gynecological problems

Several studies have demonstrated increased rates 
of endometriosis in women with heavy menstruation
[131]. This is probably due to the increased rate of 
retrograde menstruation, a possible etiology for endo-
metriosis. Thus women with bleeding disorders may
be at increased risk because of their heavy menstrua-
tion. In a survey of 102 women with VWD, 30%
reported a history of endometriosis compared with
13% in the control group [15]. In the same survey, a
higher prevalence of endometrial hyperplasia (10%
vs 1%), endometrial polyps (8% vs 1%) and fibroids
(32% vs 17%) were also reported among women with
VWD compared with control subjects [15]. Since these
conditions can manifest with bleeding symptoms, it 
is likely that more women with bleeding disorders
become symptomatic. However, there is currently
insufficient evidence to support these findings. Further
studies are required to assess the prevalence and
course of gynecological conditions in women with
bleeding disorders.

Uterine fibroids are the most common benign 
gynecological tumors and affect 25% of women of
reproductive age [132]. They cause numerous symp-
toms and can negatively affect health and quality of
life of women. In addition to menorrhagia, large
fibroids can also cause pelvic pain, dysparunia, and
pressure symptoms, leading to urinary and defecation
disorders. They can also be associated with infertility
and adverse pregnancy outcome. Traditional treatment
for large and symptomatic fibroids is surgery (abdom-
inal, vaginal, or laparoscopic hysterectomy or myomec-
tomy). Uterine artery embolization is an alternative
option especially for women who no longer desire fer-
tility and wish to avoid surgery. This is a minimally
invasive, percutaneous, image-guided procedure and
is ideal for women with high operative risk such as
obesity, cardiac and pulmonary conditions, as well as
women with hemostatic disorders [133]. It has a low
complication rate and high patient satisfaction rate.
The majority of women report marked reduction in
the severity of fibroid-specific symptoms and improve-
ment in quality of life [134]. This option should be
considered in women with bleeding disorders, espe-
cially if they have other operative risk factors. This 
procedure may also have a role in management of
acute gynecological bleeding such as acute menor-
rhagia (see “Adolescent menorrhagia”) and operative
and postoperative bleeding not responding to other
measures.
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Introduction

This chapter will cover the integrated genetic and
laboratory diagnosis of the most prevalent bleed-
ing disorders, hemophilia A, hemophilia B, and von
Willebrand disease (VWD), as applied to women. The
first two being sex-linked recessive disorders rarely
affect women in a severe form and then only for spe-
cific genetic reasons that will be discussed. However,
women in families segregating hemophilia A or B
should always be offered carrier status determina-
tion and milder degrees of clinically significant factor
deficiency are common in carriers, a fact that is not
widely appreciated. VWD, being autosomal (domin-
ant or recessive depending on the underlying mutation
type), should affect both sexes equally but is diagnosed
more often in women by reason of their greater life-
time experience of hemostatic challenge, especially the
stress of menstruation during the reproductive years.
Genetic and laboratory (in the sense of coagulation
factor assay) diagnoses are mutually supportive of
accurate diagnosis, the essential prerequisite of treat-
ment planning and genetic counseling. Therefore, the
two will be considered together under each diagnostic
heading.

Hemophilia A

Incidence in females

X-linked hereditary factor VIII deficiency/hemophilia
A is due to mutations in the factor VIII gene locus at
Xq2.8 (gene symbol f8). Thus defined, the incidence of
hemophilia A worldwide at birth is about 1 in 5000
males. Since the population contains twice as many X
chromosomes in females as males the birth incidence
of hemophilia A carriers is by inference 1 in 2500
females. For each affected male there are many more
potentially affected carrier females, sometimes up to
10 in a given family.

Laboratory testing

See Chapters 1 and 3.

X inactivation

Female carriers of hemophilia A have one defective
and one normal f8 gene. However, during the late
blastocyst stage of female embryogenesis one of each
pair of X chromosomes in each cell of the epiblast 
is randomly inactivated. Consequently, the resulting
embryo and the woman into which it eventually 
develops has a variable proportion of defective and
normal f8 genes contributing to the circulating level of
factor VIII. Hence, whereas the general population
has factor VIII levels approximately normally dis-
tributed around a mean of 100 units/dL (range ± 2 SD
50–150 units/dL), hemophilia A carriers have a dis-
tribution of factor VIII levels around a mean of 50
units/dL (range ± 2 SD 10–90 units/dL). Carriers with
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a factor VIII level of 20 units/dL are not unusual and a
few have levels as low 5 units/dL because of skewed X
inactivation. These patients are in the range of mild
(factor VIII >5 units/dL to <50 units/dL) or moderate
(factor VIII >1 units/dL to 5 units/dL) hemophilia A.
They are sometimes referred to as “manifesting carriers”
since they have a clinical bleeding tendency. About a
third of carriers manifest mild or moderate hemophilia
A. A rare but well-described situation is where the
“non-hemophilic” X chromosome has a major defect,
such that only cells in which the “hemophilic” X 
chromosome is not inactivated can survive develop-
ment. These women can have severe hemophilia 
A. There are also a few girls born to carrier mothers
whose partner has hemophilia and who are homozy-
gous or doubly heterozygous for hemophilia A.

Combining the family tree with assay data

The first step in diagnosis of any inherited disorder is
of course the construction of an accurate family tree 
or genogram. From this the likelihood of an X-linked
recessive disorder will usually be obvious (see Fig. 8.1).

The consultand (Fig. 8.1, marked with an arrow) is
the daughter of an obligate carrier of hemophilia A,
herself the daughter of an affected male. Her factor
VIII activity level was normal at 55 units/dL but about 
half her von Willebrand factor (VWF) antigen (VWF:Ag)
level of 90 units/dL. Subsequent to the consultand
III:4 had two affected sons by different partners. The
daughter has 50% chance on pedigree to be a carrier.
Combining this with her low factor VIII to VWF:Ag

ratio made it highly likely she was a carrier. So it was
not a surprise to find that her factor VIII sequence was
heterozygous at codon 593 for wild-type arginine and
mutant cysteine, thus proving her to be a carrier as this
is a known cause of hemophilia A, albeit with a wide
range of phenotype from moderate to mild [1].

Genetic diagnosis

After the cloning of the factor VIII gene in 1984,
advances followed rapidly in linkage analysis for fam-
ilies segregating hemophilia A. The f8 gene contains
26 exons (protein-coding segments) separated by 25
introns (non-coding segments that are spliced out dur-
ing mRNA maturation). The basis of linkage analysis
is to use a non-pathogenic normal variation in the gene
sequence as a marker to follow a mutated gene through
a family. The first intragenic polymorphism in the f8
gene was described in 1985. This was a single nucleotide
change within intron 18 and sufficiently frequent in
the Caucasian population that about half of the female
population is heterozygous and therefore informative.
The first antenatal diagnoses using this polymorphism
were reported the following year. Later other polymor-
phisms were found, including a highly polymorphic
dinucleotide repeat in intron 13 that is informative in
about 90% of females. However, even with these tools
for gene tracking [which became technically easier to
perform with the advent of polymerase chain reaction
(PCR) technology in the late 1980s], family structure
or the absence of an affected male relative often frus-
trated attempts to identify carriers. Although the first

II:3
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IV:5IV:2Fig. 8.1 Family tree or genogram,
showing an X-linked recessive
disorder.
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mutations in the f8 gene were reported in 1986, it 
was not until the technology for direct automated
sequencing became widespread early this century 
that mutation-specific diagnosis and carrier detection
became widely available. The great advantage of this
approach is that a specific causative mutation may be
found in over 95% of patients with hemophilia A. In
carriers the mutation will be heterozygous and it is no
longer necessary to have even an index case in a family
if a candidate mutation is found in a carrier. Hence,
carrier determination by mutation detection succeeds
in about 95% of families and is the method of choice.
It also allows confident antenatal diagnosis.

Hemophilia A is highly heterogeneous at the muta-
tional level with over 1000 different unique mutations
now recorded on the international database (Hamsters
http://europium.csc.mrc.ac.uk/WebPages/Main/main.
htm). This mutational variation, the most diverse
recorded for any human genetic disease, underlies and
explains the clinical variation ranging from severe to
mild disease in affected males. New mutations con-
tinue to be described, with about a third in any series
being novel. Since the protein sequence of factor 
VIII is highly conserved, it is usually obvious which
changes are likely to be pathogenic. For a full discus-
sion of factor VIII molecular pathology the interested
reader is referred to reviews listed in the references 
[4, 6, 7]. Although severe gene lesions such as stop
codons, deletions, or inversions are consistently associ-
ated with severe disease, for individual missense muta-
tions (amino acid substitutions), the clinical factor
VIII level can vary quite widely. About half of patients
with severe hemophilia A have an inversion involving
intron 22 and about 5% have an inversion involving
intron 1. Therefore, specific methods for detecting
these inversions are usually carried out first in mem-
bers of kindred segregating severe disease.

From the viewpoint of genetic counseling, the large
online database [1] allows inference of the likely range
of severity of disease in the offspring of a woman car-
rying a particular mutation. Also, there is an associ-
ation of some mutations with the risk of developing
inhibitors to factor VIII, which may influence repro-
ductive choices. All these advances follow from dir-
ect mutation detection, but there remain about 5% of
hemophilia A patients in whom up to now no mutation
has been found in the regions of the gene sequenced
(exons and flanking sequences). For practical reasons,
only about 5% of the gene is sequenced, so it is likely

that the remaining mutations lie within the very large
intronic regions of the f8 gene. In these families, link-
age analysis can still be used as a last resort.

Sources of difficulty in diagnosis

The laboratory but not the genetic diagnosis of hemo-
philia A may be confused by the chance co-inheritance
of VWD, which lowers the factor VIII level but also
usually reduces the VWF:Ag level to a greater extent.
Figure 8.2 illustrates such a case, with the family tree
giving a clue to the fact that two independent conditions,
hemophilia A and VWD, are segregating in the family.

The consultand (Fig. 8.2, arrow) was reviewed for
VWD and it was noted that her factor VIII level was
consistently lower than her already low VWF:Ag. It
was also noticed that two antecedent males in the fam-
ily had died of bleeding. Since the VWD was mild in
the surviving females it was highly unlikely that it
could have caused death in a male so affected.
Therefore, sequence of her factor VIII gene was under-
taken and revealed a mutation causative of moderate
or severe hemophilia A in heterozygosity (Arg372Cys).
She was pregnant at the time with a male fetus but
elected to continue the pregnancy, with a delivery plan
reflecting the 50% risk of a severely affected child.
Happily the boy was normal. Of note, two other
females in the third generation and the consultand’s
daughter are potential carriers of this mutation and
their status remains to be determined.

It should be noted that the now standard approach
of using PCR to amplify each exon for sequencing will
miss a deletion in a heterozygous female. Hence, if an
affected index case is not available, it is technically
difficult or impossible to rule out such a possibility
when no sequence variation from wild type is found in
a putative carrier. Figure 8.3 illustrates this situation.

The consultand IV:2, marked with an arrow, is 
the first patient to come to recent medical attention 
in her family and is the person through whom the 
family tree was ascertained. In this particular family
there is no living male relative with a bleeding dis-
order and the patient herself has a normal factor 
VIII level. However her VWF level is double the level 
of her factor VIII. Three males in earlier generations 
died of bleeding at a young age without the benefit 
of diagnosis or treatment. Therefore, her prior chances
of carriership on pedigree, assuming X-linked inheri-
tance are 1 in 8. The factor VIII to VWF ratio of 0.5
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Fig. 8.2 Family tree segregated into
two conditions, hemophilia A and von
Willebrand disease.

Fig. 8.3 An affected index case is not
available.
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combined with the family history make it strongly
probable that she is a carrier of severe hemophilia 
A. As she had presented in the third trimester of preg-
nancy with a male fetus and termination was not an
option she and her husband were counseled about 
the risk of an affected son (approaching 50%) and
delivery planned accordingly. Meanwhile her DNA
was sent for f8 gene analysis. The common inversion
involving intron 22 was not present but nor was there
any other defect found on sequencing. Homozygosity
for many polymorphisms suggested the presence of a
large deletion. Her male infant proved to be normal,
but her two daughters could be carriers and await fur-
ther investigation.

The Normandy variant of VWD produces a pheno-
copy of hemophilia in males and females because of
mutations in the VWF gene that reduce the binding of
factor VIII (see Chapter 4 for specific diagnostic tests).
It should be excluded by specific tests where the inher-
itance pattern is anomalous and/or no mutation can be
found in the f8 gene.

Summary for hemophilia A

The combination of the factor VIII activity assay,
other assays to exclude alternative causes of a low 
factor VIII level, the ratio of factor VIII to VWF:Ag, an
accurate family tree, and sequencing of the f8 gene
essential regions or linkage analysis will deliver secure
confirmation or exclusion of hemophilia A carrier-
ship in over 95% of consultands. A small minority of
women at risk of carriership remain of undetermined
status pending further advances in our understanding
of the genetic causes of hemophilia A.

Hemophilia B

Incidence in females

X-linked hereditary factor IX deficiency/hemophilia 
B is due to mutations in the factor IX gene locus at
Xq2.6 (gene symbol f9). The incidence of hemophilia
B worldwide at birth is about 1 in 25 000 males. Since
the population contains twice as many X chromosomes
in females as males the birth incidence of hemophilia B
carriers is by inference 1 in 12 500 females. As noted
for hemophilia A, for each affected male there are
many more potentially affected carrier females. The
ratio of patients and carriers with hemophilia A to

hemophilia B is about 5:1 but this can be altered by
local founder effects, often in favor of hemophilia B.

Laboratory testing

See Chapters 1 and 3 for details.

X inactivation

Female carriers of hemophilia B have one defective
and one normal f9 gene. All comments made above 
in relation to hemophilia A apply to hemophilia B,
such that carrier women have a variable proportion
of defective and normal f9 genes contributing to their
circulating levels of factor IX. Hence, whereas the 
general population has factor IX levels normally dis-
tributed around a mean of 100 units/dL (range ± 2 SD
60–140 units/dL), hemophilia B carriers have a distri-
bution of factor IX levels around a mean of 50 units/dL
(range ± 2 SD 10–90 units/dL). Carriers with a 
factor IX level of 20 units/dL are not unusual because
of skewed X inactivation. These patients are in the
range of mild hemophilia B (factor IX >5 units/dL to
<50 units/dL). Referred to as “manifesting carriers,”
they have a clinical bleeding tendency. About a third
of carriers manifest mild hemophilia B.

Combining the family tree with assay data

From the construction of the family tree it may be
clear whether an X-linked recessive bleeding disorder
is segregating in the consultand’s family. However,
this will give no clue whether it is hemophilia A or B.
Measuring the consultand’s factor IX level may be
helpful if low or discrepant from other vitamin K-
dependent factor levels. If a surviving male relative is
known to have hemophilia B then one may proceed
directly to genetic diagnosis looking for a specific
mutation if known. However, this is often not the case
as illustrated in the family represented in Fig. 8.4.

The consultand, marked with an arrow, is the first
patient in her family to come to medical attention in
the UK, being a recent immigrant, and is the person
through whom the family tree was ascertained. In this
particular family there is no living male relative with a
bleeding disorder, but the patient herself had a factor
IX level at the lower limit of the normal range, with
levels of all other vitamin K-dependent factors 95–105
units/dL. An uncle died of bleeding at a young age 
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as did her younger brother without the benefit of spe-
cific diagnosis or effective treatment in her country of 
origin. Therefore, her prior chances of carriership on
pedigree, assuming X-linked inheritance, are 1 in 2.
The factor IX to factor X ratio of 0.5 combined with
the family history made it strongly probable that she is
a carrier of severe hemophilia B. As she had presented
in the second trimester of pregnancy with a male fetus
she and her husband were counseled about risk of 
an affected son (approaching 50%). They elected to
continue the pregnancy and delivery was planned
accordingly. Meanwhile her DNA was sent for f9 gene
sequencing. A mutation associated with moderately
severe hemophilia B was found (Cys222Ser) in hetero-
zygosity. She delivered a boy with severe hemophilia
B diagnosed on the cord blood sample. The patient
was happy with her decision and with the opportunity
that prior diagnosis had provided for preparation and
counseling for the eventual outcome.

Genetic diagnosis

After the cloning of the f9 gene in 1982, linkage analysis
for families segregating hemophilia B soon advanced
based on many polymorphisms found in the coding
and non-coding regions of the gene. The f9 gene con-
tains eight exons (protein-coding segments) separated
by seven introns. The large number of polymorphisms
present made it possible to track mutant f9 genes in
most families with a suitable structure and an avail-
able index case. However, as with hemophilia A, defects
of family structure or the absence of an affected male
relative often frustrated attempts to identify carriers. The

first mutation in the f9 gene causing hemophilia B was
reported in 1986. Ingenious approaches to detecting
mutations causing hemophilia B were developed that
relied on PCR amplification of each exon followed by
screening for sequence variation by a variety of methods.

It soon emerged that hemophilia B is highly hetero-
geneous at the mutational level with 1000 different
unique mutations now recorded on an international
database [2]. This mutational variation underlies and
explains the clinical variation ranging from severe to
mild disease in affected males. New mutations con-
tinue to be described, but the rate for novel amino acid
substitutions is slowing as saturation is reached for all
possible variants. Since the protein sequence is highly
conserved and the crystallographic structure of factor
IX is known, it is usually obvious which changes are
pathogenic. For a full discussion of factor IX molecular
pathology the interested reader is referred to reviews
listed in the references [4–6]. Severe gene lesions such
as stop codons and deletions are consistently associ-
ated with severe disease and a high risk of inhibitor
development.

From the viewpoint of genetic counseling, the large
database allows inference of the likely range of sever-
ity of disease in the offspring of a woman carrying a
particular mutation.

Sources of difficulty in diagnosis

The absence of an affected male is the most likely rea-
son for difficulty in carrier determination, but since
nearly all patients with hemophilia B have been found
to have mutations on sequencing their essential gene
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?
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Hetero

Cys222Ser

?
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Fig. 8.4 Family where there is no
living male relative with a bleeding
disorder.
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regions, there is good reason to believe that a woman
whose factor IX genes are both normal is not a carrier.
There are two important caveats to this. Some muta-
tions causing hemophilia B lie well into the promoter
region or near the end of the 3′ untranslated region, so
full sequencing of those regions as well as the exons
and flanking regions is required. Even more important
is the point that the now standard approach of using
PCR to amplify each exon for sequencing will miss a
deletion in a heterozygous female. Hence, if an affected
index case is not available, Southern blotting with
cDNA probes is required to rule out such a possibility.

Summary for hemophilia B

The combination of factor IX activity assay, other
assays to exclude alternative causes of a low factor IX
level, an accurate family tree, and sequencing of the f9
gene essential regions or linkage analysis will deliver
secure confirmation or exclusion of hemophilia B car-
riership in over 95% of consultands. A small minority
of women at risk of carriership remain of undeter-
mined status because of the unavailability of an index
case and lack of detected sequence variation.

von Willebrand disease

The diagnosis of VWD is a complex and still evolving
topic that can only be summarized here. This is due to
the highly heterogeneous nature of the disease, the
many functional attributes of von Willebrand factor
and the correspondingly large number of tests needed
to assess them, as well as the variable penetrance of the
phenotype, compounded by modifier genes. Further-
more the genetics of VWD in the commonest form has
come into question since it has recently become clear
that a large proportion of patients with mild disease
have no mutation at the VWF locus. Other causes of
their phenotype (moderately low levels of VWF activ-
ity in the range of 30–50 units/dL) need to be sought
[8]. The relationship between phenotype and geno-
type in VWD is less clear than it is for the X-linked
hemophilias.

Incidence in females

The population frequency of VWD is debatable and
depends on the diagnostic criteria adopted. At one

extreme it was found that about 1% of children 
in the Veneto region of Italy met the criteria of 
having VWF:Ag levels below the locally established
normal range and a family history of a bleeding 
tendency.

At the other extreme based on registration data in
countries having a national database of hemorrhagic
disorders (e.g., the UK and Italy) the ratio of patients
with a diagnosis of VWD to those with hemophilia 
A is near unity, that is, 1 in 10 000. Given that ascer-
tainment is delayed or never reached for milder forms
of VWD (the majority of cases) it is likely that the 
true figure lies between these extremes. In north Lon-
don with a population catchment of about 5 000 000 
there are almost 500 cases registered at the Royal Free 
Hospital, which is 1 in 1000. As an autosomal dis-
order this should be equally divided amongst males
and females, but is not, because of the ascertainment
bias in favor of females with their greater lifetime
hemostatic stress than males. Whatever the true incid-
ence specialist hemostasis centers undertaking detailed
tests find that the most frequent diagnosis in newly
referred children and adults with a history of bleed-
ing is VWD, followed closely by platelet disorders.
type 3 severe VWD occurs in outbreed populations at
a frequency of about 1 in 1 000 000 with equal sex
incidence.

Laboratory diagnosis

See Chapter 4.

Combining the family tree with assay data

Type 3 von Willebrand disease, being recessive, usually
occurs in families with consanguinity. All other types
of VWD are dominant, except for some of the milder
forms of type 1 where there is variable penetrance 
(but see comment under “Genetic diagnosis” below).
Lack of a bleeding history in males in such families
does not rule out VWD, for which laboratory
confirmation is required. The finding of lower factor
VIII activity than VWF:Ag in a female should raise 
the suspicion of hemophilia A carriership or type 
N (Normandy) VWD. The factor VIII binding assay 
is essential to make this distinction. Having VWD does
not rule out co-inheritance of f8 gene mutation.
Sometimes it may be necessary to sequence f8 to rule
out this possibility (as in Fig. 8.3).
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Genetic diagnosis

The VWF gene is located at chromosome 12p13 (gene
symbol VWF). It is extremely large with 52 exons sep-
arated by 51 introns. Consequently, it is a major
undertaking to sequence all its coding and flanking
regions. Where this has been done the results are of
great interest for understanding the molecular pathol-
ogy of the disease with its diverse phenotypes. An
international database [3] records several hundred dif-
ferent unique mutations found in patients with every
subtype of VWD. However, only a few of those found
in type 1 disease have been reliably proven to 
be causative by functional studies. The puzzle in type 1
disease is that only cases with VWF:Ag below 30
units/dL have been found to have a plausible mutation
at their VWF locus. For type 2 VWD, most subtypes
have one of a limited number of repetitive mutations
in the relevant functional region of the VWF protein
sequence. These have been tested by in vitro expres-
sion and by modeling on the known crystallographic
structures of the relevant domains. Hence molecular
diagnosis is becoming relatively secure and rational
for type 2 VWD. The dominant effect of these muta-
tions can be understood by considering that VWF is
assembled from protomers into very large multimers.
Therefore, every multimer will have half its protomers
derived from the mutated allele, with a consequent
global effect on each assembled multimeric molecule
in the circulation.

For type 3 VWD, null mutations have been found
scattered across the whole gene including deletions.
The fact that these mutations are recessive accords
with the concept that a single normal gene output, if
not interfered with by the alternative allele’s product,
is sufficient for hemostasis. Hence heterozygotes are
unaffected.

A limited approach to molecular diagnosis that 
provides useful confirmatory evidence and even poten-
tially an approach to antenatal diagnosis is to sequence
only those regions of the gene known to carry most of
the mutations in specific type-2 subtypes of VWD.
These are exon 28 for types 2A and 2B, exons 27 and
28 for 2M, and exons 18, 19, and 20 for type 2N.

However, each molecular diagnostic laboratory 
will decide whether to set up such extensive sequenc-
ing for perhaps rather limited clinical dividends. 
This is still largely an area where academic research
predominates.

Sources of difficulty in diagnosis

Phenotypic and assay variability together with the
large number of specialized tests required combine to
make VWD one of the more difficult diagnostic areas,
especially for the milder forms and for the rarer vari-
ants. For example a diagnosis of type 2B VWD could
be missed if ristocetin-induced platelet aggregation 
is not tested. Multimer analysis, which is crucial for
subtyping, is technically demanding and not kit based;
therefore, it is not widely available outside specialized
centers. Genotyping is highly specialized as well, and
is not fully established in its interpretation apart from
type 2 variants. The evaluation of mild type 1 VWD
has undergone radical reinterpretation since it was
discovered that most cases have no mutation at the
VWF locus. Altogether these factors mean that some
diagnostic uncertainty is inevitable at the margins 
of this disorder. The clinician may need to revise 
the diagnosis in some cases and review the test 
results over time with resource to newer tests as these
become available. It is desirable to avoid labeling
patients with a disease category when they are simply
at the lower limit of the normal range for one or 
other assay.

Summary for von Willebrand disease

VWF is a large and complex molecule with multiple
functional domains and diverse functional defects. A
correspondingly complex array of diagnostic tools is
required for evaluation and diagnosis of its defects.
Although the disease was first described by Eric von
Willebrand in 1926, understanding of this disorder
continues to grow as do the diagnostic categories into
which individual patients are placed. Nevertheless
VWD is one of the commoner causes of bleeding in
women and since the response to available treatments
varies according to the subtype it is important to 
continue to develop expertise in defining the range of
variation encountered in practice. Expert clinical and
academic laboratories are continuing to expand our
knowledge in this field.

Conclusion

The role of the clinical laboratory, working closely
with clinicians interested in hemostatic disorders, is
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central to establishing secure diagnosis. This in turn
allows and is essential for rational management of 
the conditions described above, which all have a major
impact on the health of women affected by them.
These disorders range in frequency from quite com-
mon to extremely rare, so that experience of some of
them will only be gained in tertiary referral units. The
range of tests required for full evaluation demands
specialized dedicated facilities and laboratory workers
for their completion. Nevertheless the basic clinical
skills of detailed personal and family history taking,
combined with widely available screening tests and
assays, will guide those who first see such patients in
making the referral onward to an expert center where
the final diagnosis and recommendations for treatment
can be made according to the methods summarized in
this chapter.
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Introduction

Inherited bleeding disorders are lifelong conditions
that present with a broad spectrum of bleeding mani-
festations ranging from easy bruising and epistaxis 
to potentially debilitating musculoskeletal bleeding
and life-threatening intracranial hemorrhages. Despite
advances in their treatments, they remain incurable
and are commonly associated with significant long-
term morbidity. Women with inherited bleeding dis-
orders can pass on the gene defect to their offspring
and therefore are at risk of having an affected child
depending on the inheritance pattern of the condition.
The decision regarding reproduction is fundament-
ally complex and challenging and further complicated
for these women because of their genetic risks. Devel-
opments in molecular genetics and technologies have 
created new opportunities and expanded the repro-
ductive options for these women. The aims of this
chapter are to explore the reproductive choices of
women with inherited bleeding disorders and to exam-
ine their views and attitudes towards reproduction
and prenatal diagnosis.

Genetic counseling

Inherited bleeding disorders can profoundly affect 
the daily life and psychological wellbeing of both the

affected individuals and the family. It is essential for
women who are known carriers or have the possibility
of carrying the disorder to have the opportunity to
consider the implications for themselves and their off-
spring. The aims of genetic counseling are to provide
them with sufficient information to make a decision
appropriate to their own situation and to support
them throughout the process. It should ideally be 
carried out before conception to allow sufficient time
for the individuals to gain a full understanding of 
the information provided and for the laboratory to
perform genetic testing. Furthermore, pre-pregnancy
planning prevents the parents from having to make
difficult decisions under time pressure during early
pregnancy and avoids limitations to their reproduct-
ive choices. Genetic counseling should be provided 
by individuals with good communication skills and 
a detailed knowledge of the disorder including the
molecular genetics, the care and treatment involved in
the relevant country and the available reproductive
options.

To make an informed decision on reproductive
options, it is vital to first establish the carrier status 
of the prospective parents and their genetic risk of
having an affected child. This involves obtaining an
accurate and detailed family history as well as carrying
out phenotypic and genotypic assessments to ascer-
tain the diagnosis, the coagulation factor level and the
mutation within the family. Individuals undergoing
genetic testing should have an understanding of the
purposes and implications of the test. They should
also be aware of its accuracy and limitations. Aspects
of carrier testing and genetic diagnosis are covered in
Chapters 3 and 8.

9 Antenatal diagnosis
Claudia Chi and Rezan A Kadir
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For prospective parents, the risk of having an
affected child is determined by the inheritance pattern
of the condition. Hemophilia A and B are X-linked
recessive bleeding disorders caused by a deficiency in
coagulation factor VIII (FVIII) and IX (FIX), respect-
ively. Males inherit the condition whereas females are
affected as carriers. The incidence of hemophilia A is
approximately 1 in 5000 male births and of hemo-
philia B 1 in 25 000 male births. Given that females
have two X chromosomes, the birth incidence of
hemophilia carriers by inference would be 1 in 2500
and 1 in 12 500 females, respectively. For each affected
male in a particular family, there are potentially many
more carrier females. Assuming a normal genotype in
the partner, these women have a 1:4 chance of having
a child with hemophilia in each pregnancy; there is a
50% chance that a son will be affected and a 50%
chance that a daughter will also be a carrier of the con-
dition (Fig. 9.1). Since the severity of hemophilia is
fairly consistent among family members, carriers can
be informed whether their risk is for severe, moder-
ate, or mild hemophilia, although for some missense
mutations the range can span two categories.

von Willebrand disease (VWD) is an autosomal
condition that affects both males and females. It is 
the most common inherited bleeding disorder, with 
a reported prevalence of approximately 1% in popu-
lation studies [1, 2]. It displays both dominant and
recessive inheritance. Type 1, the commonest (60–80%)
and generally the milder form of VWD, is transmitted
as an autosomal dominant trait. It is characterized 
by a partial quantitative deficiency of von Willebrand

factor (VWF). Type 2 refers to a qualitative deficiency
of VWF and is subdivided into four variants (2A, 2B,
2M, and 2N). Type 2A, 2B, and 2M are mainly inher-
ited in an autosomal dominant pattern, whereas type
2N is inherited recessively. Type 3 also has an auto-
somal recessive inheritance and is the most severe
form of VWD with a virtually complete deficiency of
VWF.

Rare bleeding disorders include afibrinogenemia,
hypoprothrombinemia, and deficiencies of factor 
V, combined factors V and VIII, factor VII, factor IX,
factor X, and factor XIII. They are inherited as auto-
somal recessive traits and generally are expressed 
in homozygotes or compound heterozygotes. Their 
estimated incidence in the severe (homozygous) form
ranges from 1 in 500 000 (factor VII deficiency) to 1 in 
2 million (factor II deficiency). However, they are more
prevalent in racial groups, communities, or countries,
such as Asian communities and some Muslim coun-
tries, where consanguineous marriages are common.

Other factors that may influence the reproductive
decision-making include the likely clinical phenotype
of the disorder, its severity and potential complica-
tions, the potential risk of inhibitor development, the
expected quality of life of affected children and the
possible impact on the family. Thus, these predictors
should be provided as part of the genetic counseling.
Details on the efficacy, safety and side-effects of 
current treatment should also be addressed. When dis-
cussing these issues, it is important to take into con-
sideration the individual’s and the family’s previous
experience with the condition. The implications of a

Carrier female

X Y

Carrier female
(50%)

Normal female Normal maleAffected male
(50%)

X X

X X X X X Y X Y

Fig. 9.1 Inheritance of hemophilia
(with permission from Peyvandi
[190]).
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genetic disorder can undoubtedly cause great anxiety
and distress; therefore, genetic counseling should not
only encompass the technical issues but also the emo-
tional aspects. Adequate support should be provided
throughout the whole process.

Reproductive options

The reproductive options for women with inherited
bleeding disorders, in general, are:
1 not having children;
2 declining prenatal diagnosis and accepting the out-
come of the pregnancy;
3 conceiving naturally and having prenatal diagnosis
with the option of termination of affected pregnancy;
4 adoption or fostering;
5 assisted conception with donor gametes;
6 pre-implantation genetic diagnosis.

Women with or carriers of inherited bleeding dis-
orders may choose to abstain from having children 
in fear of passing the genetic defect to their offspring,
especially when adequate treatment and/or the option
of prenatal diagnosis is not available. They may choose
to use non-biological methods such as adoption or
fostering. On the other hand, they may decide to
accept any outcome by taking a chance of having an
affected child. Over time, reproductive options have
been broadened by advances in molecular technology
and developments in the techniques for prenatal dia-
gnosis and assisted reproduction. They can choose to
have antenatal diagnosis and selective termination of
an affected pregnancy or consider assisted conception
with the use of donor gametes. There is even the pos-
sibility of selecting embryos that are free of the genetic
disorder before implantation to prevent the birth of 
an affected child. In order for the prospective parents
to make an informed choice on their reproductive
options, it is vital that they are provided with adequate
information regarding the availability of these options
and the procedures involved, including their accuracy,
limitations, and risks. The options of prenatal diagnosis
and pre-implantation genetic diagnosis will be further
explored in the following sections.

Prenatal diagnosis

Prenatal diagnosis should be undertaken following
adequate counseling and in centers with full genetic,

hematological, and obstetric expertise. It is generally
considered in pregnancies at risk of moderate or severe
inherited bleeding disorders and when termination 
of pregnancy is contemplated if an affected fetus is
identified. This is because the techniques for definitive
prenatal diagnosis are usually invasive and carry risks
to the pregnancy. However, women’s attitudes toward
prenatal diagnosis and termination of pregnancy dif-
fer considerably depending on various personal, social,
and cultural factors. They may opt for antenatal 
diagnosis for other reasons such as psychological
preparations in the case of an affected child and plan-
ning for place and methods of delivery.

Prenatal diagnostic techniques
Prenatal diagnosis of inherited bleeding disorders
entails non-invasive and/or invasive tests. Ultrasound
plays an essential role in the antenatal diagnosis of
hemophilia as it provides a non-invasive means of
determining fetal sex. At present, the definitive pre-
natal diagnosis of inherited bleeding disorders can
only be achieved through invasive procedures such as
chorionic villus sampling (CVS), amniocentesis, and
fetal cord blood sampling (cordocentesis). These tech-
niques are carried out by skilled operators and are
mainly based on obtaining fetal materials for genetic
analysis or clotting factor assays.

The identification of the causative mutation or
informative markers is a prerequisite for any DNA-
based prenatal diagnosis. As this can take up to several
weeks, it needs to be done well before considering 
prenatal diagnosis. Advanced planning and careful
coordination between the obstetrician and hemato-
logist as well as the genetic laboratory and the fetal
medicine unit are necessary to ensure the successful
attainment of accurate results and to minimize the
risks of complications.

Furthermore, before embarking on these options, 
it is important to explain to the women what the pro-
cedure involves and the benefits, risks, and limitations
of each method. The options of screening for fetal
chromosomal and structural abnormalities (e.g., fetal
nuchal translucency) and of karyotyping, in the event
of invasive testing, should also be discussed and offered,
as appropriate, in the pre-test counseling. When plan-
ning for invasive testing, apart from the standard pre-
cautions for the prevention of rhesus isoimmunization,
additional measures, such as prophylactic cover, may be
required to minimize the risk of bleeding complications.
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(Refer to Chapter 10 for further discussions on the
requirement of prophylactic cover.)

Invasive tests Chorionic villus sampling is a prenatal
diagnostic test that is currently the method of choice
for obtaining fetal materials for the prenatal diagnosis
of inherited bleeding disorders. It offers the advant-
age of attaining an early diagnosis and thus a shorter
period of uncertainty than amniocentesis. Early dia-
gnosis is of particular importance when selective ter-
mination of an affected pregnancy is being considered,
as there may be personal or religious prohibitions on
late termination of pregnancy. Furthermore, termina-
tion at a later gestation is likely to be more traumatic.
CVS is usually performed between 10 and 13 weeks of
gestation under direct ultrasound guidance to obtain a
sample of chorionic villi (placenta) for genetic analysis.
The chorionic villus tissue is a rich source of fetal
DNA that can be extracted and used for pdymerase
chain reaction (PCR)-based testing for fetal sexing first
in the case of hemophilia and direct mutation detection
or polymorphism linkage analysis. Results are usually
available within 48–72 hours of receipt of samples.

Prior to the CVS procedure, an ultrasound assess-
ment is performed to confirm the viability of the 
pregnancy, the gestation, the number of fetuses and

the positions of the fetus and the placenta. CVS can be
performed using the percutaneous transabdominal 
or the transcervical approach (Fig. 9.2). The trans-
abdominal route is performed under local anesthetic.
It entails the insertion of the needle through the
abdominal and uterine walls under direct ultrasound
guidance and obtaining a sample from the placenta
either by single or double needle aspiration using
syringe suction or a vacuum aspirator. The transcer-
vical route involves the use of a speculum and passing
a fine forceps or aspiration cannula through the cervix
to obtain a placental sample under ultrasound guid-
ance. The choice of instruments is currently based on
the experience and the preference of the operator [3].
However, the transabdominal route is preferable and
more widely used because the transcervical route is
associated with more vaginal bleeding (10% vs 1.6%)
and technically more demanding with a higher rate of
multiple insertions (11.2% vs 4.1%) [4].

CVS is associated with an approximately 1–2% risk
of pregnancy loss [5]. It is recommended that CVS
should not be performed before 10 weeks of gesta-
tion because of its association with limb reduction 
deformities when carried out before this gestation 
[6, 7]. Sampling failure can occur because of technical
difficulties. There is a small (<1%) chance of failing to
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Fig. 9.2 Chorionic villus sampling
(transabdominal) (with permission
from the RCOG patient information
leaflet).
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obtain a result from the laboratory test. False-negative
or -positive results may result from maternal cell con-
tamination or placental mosaicism. There is also a
very small (less than 1 in 1000) risk of serious infec-
tion from inadvertent puncture of the bowel or from
contaminates on the skin or the ultrasound probe/gel.
Standard procedures for infection control are recom-
mended to avoid this complication. The risk of injury
to the fetus is minimal and is decreased by the use of
real-time ultrasound guidance.

Amniocentesis is generally performed between 15
and 18 gestational weeks. It involves the insertion of 
a fine 20- or 22-gauge needle through the maternal
abdominal wall into the amniotic cavity and obtain-
ing a sample of the amniotic fluid through needle 
aspiration Fig. 9.3. Ultrasound assessment is carried
out prior to the procedure to ascertain the positions 
of the placenta and the fetus. Local anesthetic is usu-
ally not required for this procedure. Amniotic fluid
contains fetal cells (amniocytes) from which rapid
detection of specific chromosomes, including the sex
chromosomes in cases of hemophilia, can be achieved
by fluorescence in situ hybridization (FISH). DNA can
also be extracted directly and used for PCR-based 
testing for linkage analysis or direct mutation detec-
tion with results usually available within 48–72 hours.
However, there is often insufficient DNA present in

the sample for analysis. Therefore, the testing has to
be delayed until cultured cells are available which takes
approximately 2 weeks. A selection of polymorphic
markers unrelated to the gene under investigation
should always be included in the analysis of results to
ensure that maternal contamination is detected. Full
karyotyping is also performed on cultured samples.

It is recommended that amniocentesis be performed
under direct ultrasound control with continuous needle
tip visualization to reduce the chance of obtaining a
“bloody tap” as the presence of blood can interfere
with cell culture [2]. This also helps to minimize 
the risk of fetal trauma, which is rare. The incidence 
of procedure-related pregnancy loss is approxim-
ately 0.5–1% [5, 8]. In some cases, reinsertion of the
needle may be required when inadequate amounts of 
amniotic fluid can be taken in the first attempt. Other
complications include a small chance (<1%) of not
obtaining a definitive diagnosis due to inconclusive
results or culture failure and an even smaller risk
(<0.1%) of serious infection caused by skin or ultra-
sound probe/gel contaminants or by inadvertent punc-
turing of the bowel.

Amniocentesis has the disadvantage of providing a
diagnosis in the second trimester, and thus the option
of termination of pregnancy in affected cases at a later
gestation. Although amniocentesis can be performed
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Fig. 9.3 Amniocentesis (with
permission from RCOG patient
information leaflet).
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at an earlier gestation (before 14 weeks of gestation),
it is not a safe alternative to second trimester amnio-
centesis or CVS because of the increased risk of mis-
carriage and fetal talipes [7, 9]. In a large Canadian
randomized trial, early (between 11+0 and 12+6 gesta-
tional weeks) amniocentesis was associated with an
increased incidence of fetal loss (7.6% vs 5.9%), 
talipes (1.3% vs 0.1%) and amniotic fluid leakage
post procedure (3.5% vs 1.7%) compared with mid-
trimester (between 15+0 and 16+6 gestational weeks)
amniocentesis [9]. Furthermore, early amniocentesis
was found to be technically more difficult with higher
rates of multiple needle insertions and cytogenetic-
culture failure [9]. This may be attributed to the pres-
ence of two separate membranes (amnion and chorion)
until the 15th gestational week. When compared with
transabdominal CVS, the rate of spontaneous miscar-
riage following early amniocentesis was significantly
higher (4% vs 2%) [4]. For these reasons, transab-
dominal CVS is preferable to early amniocentesis for
attaining early antenatal diagnosis.

Amniocentesis is also carried out in the third
trimester in certain circumstances including late 
karyotyping and evaluation of infection in preterm
labor or rupture of the membrane. The deferment of
amniocentesis for prenatal diagnosis until the third
trimester has been suggested as a possible option in
certain situations (for example, previous fetal loss or
in multiple pregnancies where the risk of pregnancy
loss following second trimester amniocentesis may be
higher [10]) to avoid the risk of miscarriage or severe
prematurity associated with second trimester amnio-
centesis [11–13]. Current data on the risks of late
amniocentesis are limited as most of the existing data
were obtained prior to the use of continuous ultra-
sound guidance for amniocentesis. The procedure-
related complications then (including rupture of
membranes, infections, maternal hemorrhage, uterine 
vessels injury, fetal injury and fetal hemorrhage) were
more common and the failure rates were higher [14].
With the use of continuous ultrasound guidance, the
risks of third trimester amniocentesis are considerably
less and equally its success rate is much higher [15,
16]. In addition, it does not appear to be associated
with a significant risk of requiring emergency delivery
[7, 15, 17]. Nonetheless, there is still an approximately
1% risk of procedure-related complications such as
preterm delivery, premature rupture of membranes
and placental abruption [15, 16]. Complications such

as multiple attempts (>5%) and bloodstained fluid
(5–10%) are also more common compared with mid-
trimester procedures [7, 15, 16]. Furthermore, there is
an approximately 1% chance of failing to obtain a
sample and a higher culture failure rate in amniotic
fluid samples taken in the third compared with the sec-
ond trimester (10% vs <1%) [18, 19].

In pregnancies at risk of severe inherited bleeding
disorders, prenatal diagnosis by third trimester amnio-
centesis is a possible option that enables appropriate
planning and management of labor and delivery (see
Chapter 10) for parents who are unwilling to accept
the risk of fetal loss associated with earlier prenatal
testing. However, a positive diagnosis could become a
psychological burden in advance of delivery. There is
also the risk of unexpected delivery before the test or
the availability of the test result. Even though third
trimester amniocentesis could provide an antenatal
diagnosis while obviating the risk of miscarriage asso-
ciated with first or second trimester testing, its bene-
fits must be carefully weighed against its risks and
implications. It also raises several ethical and moral
dilemmas that are beyond the scope of this chapter.
Currently, there is no evidence to support the routine
use of third trimester amniocentesis in this situation.

Cordocentesis, or percutaneous umbilical cord blood
sampling, is another invasive diagnostic technique per-
formed after around 18 weeks of gestation. It involves
the insertion of a 22-gauge needle under continuous
ultrasound guidance through the maternal abdomen
and uterine walls and into the umbilical cord to obtain
a sample of fetal blood for laboratory analysis. It 
is performed under aseptic conditions with or with-
out the use of local anesthesia. Similar to other inva-
sive tests, it carries an approximately 1–2% risk of
procedure-related fetal loss when performed by an
experienced operator [20–25]. Factors that increase
this risk include gestational age of less than 20 weeks 
[26], the indication of the procedure, e.g., fetal
anomaly or severe growth restricture [27, 28], mater-
nal obesity, the number of attempts, and the duration
of the procedure [29, 30]. There is a risk of cord
hematoma or bleeding from the puncture site, which 
is usually transient but could potentially be significant
in the presence of an abnormal coagulation. Fetuses
affected with a bleeding disorder are at particular 
risk of this hemorrhagic complication and this should
be taken into consideration when planning for the
procedure [31]. Measures should be taken to check for
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maternal blood contamination, including the assess-
ment of red cell mean corpuscular volume with 
a channelizer, the Kleihauer–Betke test and/or ana-
lysis of molecular markers, as it can lead to inaccurate
results. Other potential complications include failure
in obtaining a sample, fetal bradycardia that may
require urgent delivery, infection, premature rupture
of membrane, and premature birth.

Cordocentesis has largely been superseded by CVS
and amniocentesis in obtaining fetal material for genetic
studies. The last two procedures allow earlier diagnosis,
are less technically demanding, and are associated with
a lower risk of complications. Nevertheless, cordocentesis
still has a role in pregnancies at risk of inherited bleed-
ing disorders where prenatal genetic testing is not pos-
sible or available by allowing direct access to fetal
blood for the evaluation of coagulation factor levels.

Non-invasive tests Prenatal determination of fetal
gender can be achieved non-invasively through ultra-
sound assessment or the analysis of free fetal DNA
(ffDNA) present in the maternal blood. This is valu-
able in the management of pregnancies at risk of 
X-linked genetic disorders such as hemophilia. Know-
ledge of fetal sex enables carriers of hemophilia to
avoid invasive diagnostic procedures with its associ-
ated risks in pregnancies involving a female fetus. It
also allows planning for the management of labor and
mode of delivery. Non-invasive means of determining
fetal sex will help to relieve anxiety in 50% of the cases
where the fetus is female. Furthermore, women who are

reluctant to have invasive prenatal testing due to the
risks involved are likely to accept non-invasive testing.

Ultrasound has given accurate assessment of fetal
gender in the second trimester for over 20 years, based
on ultrasound visualization of the external genitalia
[32, 33]. Since the development of the external genit-
alia is similar in both sexes until 14 weeks’ gestation,
fetal gender determination by ultrasound was initially
limited to the second trimester onwards. It enabled the
exclusion of female fetal gender prior to amniocentesis
but for early prenatal diagnosis, female pregnancies
were subjected to the risks of CVS. Improvements in
the resolution of ultrasound have subsequently allowed
early identification of fetal gender from as early as 
11 weeks’ gestation by assessing the direction in which
the genital tubercle develops [34, 35]. Fetal gender 
can be determined by measuring, in a mid-sagittal
plane, the angle between the genital tubercle and a line
drawn through the lumbosacral vertebrae. The fetal
sex is considered to be male if the phallus is directed
cranially with an angle to the lumbosacral vertebrae
>30° and female if the phallus is directed caudally with
an angle <30° [34, 36] (Fig. 9.4). There are two poten-
tial limitations to this approach. First, visualization 
of the genital tubercle is not always possible at the 
first attempt due to fetal lie, but repeat examination
can be arranged. Second, differentiation of the genital
tubercle into the male or female phallus only begins 
at 11 weeks’ gestation; therefore, this sign cannot be
used prior to this stage [35]. The accuracy of fetal sex
determination by ultrasound at 11 weeks’ gestation 

(a) (b)

Fig. 9.4 First trimester ultrasound (with permission from Efrat et al. [36]). (a) Male fetus with acute angle of the penis shown.
(b) Female fetus with converging angle of the clitoris shown.
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is limited, but it increases with advancing gestation
(Table 9.1). Most series were able to attain near 100%
accuracy from 13 weeks’ gestation [34, 36–41].

Analysis of ffDNA in maternal circulation is an alter-
native non-invasive means of determining fetal sex. In
1997 Lo et al. [42] discovered the presence of cell
ffDNA in maternal plasma and serum by the detection
of the Y-chromosome-specific DNA sequence derived
from a male fetus. Before this discovery, most invest-
igators focused on utilizing intact fetal cells in the
maternal circulation as the source of fetal material for
DNA analysis in the development of non-invasive pre-
natal diagnosis [43–45]. This has proven to be very
difficult as there is a very low frequency of fetal cells in
maternal blood in the order of 1 in 105 to 1 in 107 [45,
46]. In contrast, the concentrations of ffDNA in the
total maternal plasma DNA are much higher at 3.4%
and 6.2% in early and late pregnancies, respectively
[47]. Although few reports have suggested the persist-
ence of ffDNA [48, 49], most studies have found 
rapid clearance from the maternal circulation after
delivery [50–54] with a reported mean half-life of 16.3
minutes [55]. Conversely, the persistence of fetal cells
in the maternal circulation from previous pregnancies
is well recognized as a potential source of false-
positive results [56]. For these reasons, ffDNA in mater-

nal plasma has become a much more attractive and
accessible source for non-invasive prenatal diagnosis.
Advances in molecular technology, particularly the
development of quantitative real-time PCR, have
allowed several groups to demonstrate a high (96–
100%) specificity and sensitivity in the determination
of fetal gender from the analysis of ffDNA in maternal
circulation (Table 9.2) [37, 47, 57–67]. Although
ffDNA has been detected as early as the fourth or fifth
week of pregnancy, its concentration is relatively low
at this stage and thus can lead to unreliable, mainly
false negative, results [59, 61, 65, 67, 68]. However,
the amount of ffDNA and consequently the sensitivity
of the test increase with gestational age. It is, there-
fore, possible to utilize this technique to accurately
identify fetal gender before 11 weeks’ gestation and
avoid CVS in pregnancies involving a female fetus.
This test is generally performed in a research setting
and is beginning to be incorporated into clinical prac-
tice in certain units for pregnancies at risk of X-linked
disorders. It offers the advantage of eliminating the
risk of miscarriage associated with invasive prenatal
testing in female pregnancies, but it is also susceptible
to exploitation. The potential of its use for non-medical
reasons raises several ethical and moral issues that 
are beyond the scope of this chapter. It is essential 

Table 9.1 Accuracy of first trimester fetal sex determination by ultrasound (with permission from Avent and Chitty [38])

Reference N Gestation Technique Accuracy (when Gestation for Gender not
(weeks) attempted) 100% accuracy assigned (%)

Male Female All Male Female All
(%) (%) (%)

Efrat et al. 157 11–136 TAS 86.7 98.7 92.4 13–136 12–126 13–136 8.7
1999 [36]

Benott 578 12–13 TVS 98.4 100 98.9 13–136 12–126 13–136 37.7
1999 [39]

Mazza et al. 385 (BPD 18–29) TAS or TVS 91.5 95.9 93.6 130 132 132 12.5
1999 [40]

Whitlow et al. 447 11–14 TAS 76% 87.8 84.1 85.0 Not achieved 15
1999 [34] TVS 24%

Mazza et al. 2182 (BPD 18–29) TAS or TVS 88.5 99.1 94.1 130 134 134 9
2004 [41]

Hyett et al. 32 105–132 TAS 100 100 100 n/a 9.4
2005 [37]

BPD, biparietal diameter; TAS, transabdominal ultrasound; TVS, transvaginal ultrasound.
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that patients are counseled regarding its accuracy, lim-
itations, and the implications of its limitations.
Furthermore, it should only be carried out in accred-
ited and experienced laboratories.

Prenatal diagnosis of hemophilia
Prenatal diagnosis of hemophilia was initially restricted
to fetal sex determination by amniocentesis in the 
second trimester. Some carriers utilized this oppor-
tunity to interrupt pregnancies involving a male fetus,
but most found this unacceptable because in half of
these cases the male fetus would have been unaffected. 
The definitive diagnosis of hemophilia became pos-
sible towards the end of the 1970s when techniques
were introduced for obtaining pure fetal blood samples
under fetoscopic guidance [69] alongside the develop-
ment of sensitive assays for determining coagulation
factor VIII and IX on samples so obtained [70, 71].
Prenatal diagnosis of hemophilia was achieved by
means of coagulation or immunoradiometric assays
for factor VIII or IX on fetal blood samples obtained
during the 18–20th weeks of gestation in male
pregnancies identified by ultrasound assessment or
amniocentesis [71–73]. Owing to the improvements 
in ultrasound technology, fetal blood sampling under
fetoscopic guidance was later replaced by cordo-
centesis [74, 75], a direct ultrasound-guided approach
which is associated with a lower rate of procedure-
related fetal loss (~5–6% vs 1–2%, respectively)
[20–25, 76]. However, fetal blood sampling by either

approach is limited to the second trimester onwards.
As a result, early prenatal diagnosis and termination
of pregnancy, if opted for, was still unavailable.

The characterization of the genes for factors VIII
and IX [77, 78] together with the development of CVS
techniques [79, 80] and PCR technology eventually
made first trimester prenatal diagnosis of hemophilia
feasible during the 1980s. At first, the genetic diagnosis
was achieved indirectly through linkage studies using
restriction fragment length polymorphisms [81–90].
This approach has several limitations, including 
uninformative polymorphisms, unavailability of blood
samples from key pedigree members, lack of prior
family history, mosaicism, risk of recombination with
extragenic markers, plus the sensitive and ethical issue
regarding paternity. Subsequently, advances in mole-
cular technology and further knowledge of genes for
factors VIII and IX have facilitated the antenatal 
diagnosis of hemophilia through direct identification
of the causative mutation [91–95]. Direct mutation
detection circumvents the problems associated with
linkage analysis and has become widely available in
developed countries following the widespread use 
of direct automated sequencing technology early this
century. It is the most reliable method for prenatal
diagnosis and should be used if available. However, 
in situations where the causative mutation cannot 
be identified because of the complexity of the genes
involved, the heterogeneity of mutations or, in many
developing countries, the lack of resources and 

Table 9.2 Accuracy of first trimester fetal male gender determination by real-time polymerase chain reaction analysis of free
fetal DNA (modified with permission from Avent and Chitty [38])

Reference Year N Gestation (weeks) Sensitivity (%) Specificity (%)

Lo et al. [47] 1998 25 11–17 100 100
Costa et al. [57] 2001 121 8–14 100 100
Rijnders et al. [63] 2001 45 8–17 96 100
Sekizawa et al. [58] 2001 302 7–16 97 100
Zhong et al. [64] 2001 34 13–17 100 100
Honda et al. [59] 2002 81 5–10 100 100
Rijnders et al. [61] 2003 13 5–10 100 100
Guibert et al. [65] 2003 22 4–9 100 100
Hromadnikova et al. [60] 2003 44 10–18 100 100
Rijnders et al. [62] 2004 72 11–19 97 100
Cremonesi et al. [66] 2004 356 6–40 97 100
Hyett et al. [37] 2005 35 7–14 100 100
Birch et al. [67] 2005 201 5–41 99 100
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facilities required, linked polymorphic markers can 
be utilized to achieve prenatal diagnosis [96, 97]. When
both direct and indirect genetic analyses are not avail-
able or fail, cordocentesis provides an alternative
method of prenatal diagnosis through evaluation of
fetal clotting factors [98–100].

More recently, non-invasive first trimester fetal sex
determination has been proposed as a new approach
in the prenatal diagnosis of hemophilia and other 
X-linked disorders [37, 49, 101–103]. It allows the
avoidance of invasive testing, including CVS, and its
associated risks in pregnancies with a female fetus.
Carriers who would not consider invasive testing are
likely to accept non-invasive tests more readily as 
the results can also help in the planning of labor and
delivery. As discussed earlier, fetal gender can be iden-
tified non-invasively and reliably in the first trimester
by analysis of ffDNA in maternal blood or by ultra-
sound assessment of the fetal genital tubercle. The 
former method has the advantage of providing an earl-
ier (prior to 11 weeks’ gestation) and a more reliable
result. However, at the introduction of new tests, the
use of two independent non-invasive techniques may
allow clinicians and patients to have greater confid-
ence in the accuracy of the results [101].

Prenatal diagnosis of von Willebrand disease
Antenatal diagnosis is not usually required or
requested in pregnancies at risk of type 1 or 2 VWD
because the bleeding tendency is relatively mild. It 
is mainly applicable to families with type 3 or severe
VWD. The procedures and methods available are 
similar to those developed and used for the prenatal
diagnosis of hemophilia. Antenatal diagnosis by direct
mutation detection is available in certain diagnostic
laboratories for type 2 variants where clusters of muta-
tions have been identified. However, direct mutation
detection is not practical in VWD because of the 
large size of the VWF gene and the heterogeneity of 
the mutations. The causative mutation is unknown in
the majority of cases and, in these cases, linkage stud-
ies with RFLP or variable number of tandem repeat
(VNTR) sequences may be used for prenatal diagnosis.
Cordocentesis followed by factor assays provides an
alternative option for prenatal diagnosis when genetic
diagnosis is not available [100].

Few cases of prenatal diagnosis of severe VWD have
been reported in the literature [31, 104–108]. Hoyer
et al. [105] excluded severe forms of VWD in a fetus

through prenatal evaluation of factor VIII-related 
antigen and coagulant antigen levels in fetal blood
samples obtained under fetoscopic guidance at 19
weeks’ gestation. Improvements in the assessment of
VWF including von Willebrand antigen (VWF:Ag),
ristocetin cofactor activity (VWF:RCo) and the multi-
meric pattern of VWF allowed Rothschild et al. [107]
to perform prenatal diagnosis in a woman with type
2A VWD and a severe phenotype. Analysis of VWF
levels in fetal blood samples obtained by cordocentesis
at 20 weeks revealed an unaffected fetus [107]. In
another case report, severe type 3 VWD was diagnosed
prenatally by DNA analysis on CVS samples obtained
at 12 weeks’ gestation [31]. The result was further
confirmed by assessment of fetal clotting factors 
following cordocentesis at 20 weeks’ gestation. The 
latter procedure was complicated by a massive feto-
maternal hemorrhage, fetal hypovolemia, and persistent
bradycardia. The fetal condition recovered follow-
ing intracardiac blood transfusion. This illustrates the
importance of recognizing that fetuses with a bleeding
disorder are at particular risk of hemorrhagic complica-
tions from this procedure. Peake et al. [108] described
the use of a VNTR polymorphic marker within intron
40 of the VWF to track the defective gene for prenatal
diagnosis. It enabled the identification of a severely
affected fetus through DNA analysis of CVS samples
obtained at 10 weeks’ gestation and the diagnosis was
confirmed by fetal blood sampling at 18 weeks’ gesta-
tion. Trasi et al. [104] also utilized this gene-tracking
approach successfully for prenatal diagnosis on two
occasions in a family with severe type 3 VWD.

Prenatal diagnosis of rare bleeding disorders
Rare bleeding disorders are generally inherited as
recessive traits and are more common among con-
sanguineous marriages. In most cases, they are due to
mutations in the genes that encode the relevant clot-
ting factors. Multiple mutations have been described
for each rare bleeding disorder and they are often
unique for each kindred [109]. In approximately 10%
of the cases, no causative mutation has been found
[110]. This may be due to defects in the non-coding
regions or in genes that encode for the regulators of
intracellular transport and post-translational modi-
fication of clotting factors. Prenatal diagnosis based 
on genetic analysis is only feasible if the causative
mutation is known or if there are informative genetic
markers. There have been a small number of reports
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on the prenatal diagnosis of rare bleeding disorders,
including factor VII [111–114], factor X [115, 116],
and factor XIII deficiencies [117, 118], based on direct
mutation detection, linkage analysis or a combination
of these methods. Similar to the prenatal diagnosis 
of hemophilia, cordocentesis can be considered when
genetic diagnosis in the fetus is unavailable or unfeas-
ible [100, 119].

Future trends

Pre-implantation genetic diagnosis
Pre-implantation genetic diagnosis (PGD) is an alternat-
ive reproductive technique available for couples at risk 
of having a child with a certain genetic disorder. It 
is a very early form of prenatal diagnosis, in which
embryos created in vitro are analyzed for the specific
genetic abnormality and only unaffected embryos are
transferred to the uterus. This can prevent the birth 
of an affected child and obviates the need for prenatal
diagnosis with selective termination of an affected
pregnancy, a procedure that can be very traumatic
both emotionally and physically to the parents. PGD is
an option for couples who would not consider termina-
tion of pregnancy for religious or personal reasons
and for those with concurrent infertility.

The first successful clinical application of PGD was
in couples at risk of having children with X-linked 
disorders following the report of sex determination in
single cells from the pre-implantation embryo [120,
121]. In these cases, male embryos were discriminated
from female embryos by PCR amplification of Y-
chromosome sequences and only female embryos were
transferred. Since then, PGD has been used for an
increasing number of monogenic diseases as well as
chromosomal abnormalities. These conditions can be
diagnosed provided the causative mutation has been
identified, the chromosome that carries the gene can
be tracked through linkage studies or the specific
chromosomal rearrangement is known [122]. In the
latest published data collection from the European
Society for Human Reproduction and Embryology
[123], PGD cycles were initiated for nearly 60 different
monogenic disorders and sexing alone for 36 various
X-linked disorders in the calendar year 2003. In this
report, the clinical pregnancy rate for monogenic dis-
eases is 20% per oocyte retrieval and 27% per embryo
transfer. The corresponding rate for sexing only in X-
linked diseases is 22% and 39%, respectively [123].

PGD can only be performed in conjunction with 
in vitro fertilization (IVF) to allow the creation of a
number of embryos in vitro. This involves ovarian
stimulation to enable the maturation of several oocytes
followed by oocyte retrieval, IVF using intracytoplasmic
sperm injection (ICSI), and embryo culture. A biopsy
sample for genetic testing can be obtained at various
developmental stages: (a) polar bodies from the oocyte/
zygote stage, (b) blastomeres from cleavage stage
embryos on day 3, and (c) trophectoderm cells from
blastocysts. Each of the methods has its advantages
and disadvantages and the choice mainly depends on
the clinical situation.

Polar body (PB) biopsy involves the manipulation 
of oocytes rather than embryos, thus obviating the 
ethical and safety concerns regarding human embryo
biopsy. It is unlikely to have a detrimental effect on
subsequent embryonic development since the genetic
materials removed are byproducts of oocyte division
during meiosis. The genotype of the oocyte can be
indirectly derived from the opposite diagnosis of the
first polar body. However, the analysis can be com-
plicated by recombination events and allele drop 
out (ADO) resulting in misdiagnosis or inconclusive
results. Consecutive biopsy of the first and second PBs
may be required and can help to improve the accuracy
of the diagnosis [124, 125]. The main disadvantage 
of PB analysis is that it can only provide information
on the maternal genotype. Autosomal dominant and
X-linked disorders that are maternally transmitted 
can be diagnosed. However, paternal alleles cannot
be analyzed and gender determination is not possible
using this approach. Furthermore, not all oocytes tested
will fertilize and form viable embryos. PB biopsy is 
not the preferred method in most PGD centers, but it
may be useful in detecting aneuploidies since many
cases are maternally derived. In countries such as
Germany where the legislation bans the selection of
pre-implantation embryos, PB analysis is the only 
possible method to perform PGD [126].

Cleavage stage biopsy is the most widely used
technique [123] and is performed on the third day
after insemination when the fertilized embryos have
usually six to eight cells (Fig. 9.5). At this stage, 
the cells (blastomeres) are still totipotent and the
removal of one or two blastomeres does not appear 
to have an adverse effect on the in vitro development 
of the embryo [127, 128]. Following genetic testing,
embryos are transferred to the uterus on day 4 or 
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5 of development. Cleavage stage biopsy, unlike PB
analysis, can provide information on both maternal
and paternal alleles. The disadvantages of cleavage
stage biopsy include the limited amount of material
(often only a single cell) available for analysis, the
impact of embryo mosaicism on the risk of misdiag-
nosis, and the ethical implications of removing a cell
that would have contributed to the fetus. Although it
has been shown that up to 25% of a human embryo can
be removed without disrupting its development, doubt
still remains as to whether the biopsy of two versus
one cell may have an effect on subsequent embryonic
development.

Blastocysts develop 5–6 days after insemination.
This is the latest stage for embryo biopsy to enable
timely transfer of the embryos back to the uterus 
for successful implantation. The advantage of biopsy 
at this stage is that more cells can be obtained for 
analysis. In addition, it involves the removal of tro-
phectoderm cells that eventually form the placenta

and other extra-embryonic tissue, thereby reducing
possible ethical considerations [122]. However, only
about 40–50% of the embryos develop to this stage 
in vitro, which limits the application of this biopsy
method for PGD [129, 130]. Furthermore, embryos
should be transferred before day 5 or 6, thus limiting
the time available for diagnosis [131].

PGD is challenging as the diagnosis depends on a
single cell. Therefore, strict controls are essential to
prevent assay contamination from extraneous DNA
sources. This necessitates dedicated equipment and
laboratories with filtered air. Testing at the single cell
level is also affected by ADO, where one of the two
alleles does not amplify during the initial rounds of
PCR. Diagnostic assays must therefore be designed and
validated to enable the detection of this phenomenon
and provide information on the misdiagnosis risk.

Various molecular techniques have been developed
and utilized in the genetic testing of biopsy materials.
The diagnostic protocols are based on PCR to amplify

(a) (b)

(c) (d)

Fig. 9.5 Cleavage-stage biopsy. (a) A hole in the zona pellucida made with a laser. (b) Removal of the first blastomere from 
the embryo. (c) Deposition of blastomere in the medium. (d) Removal of the second blastomere (with permission from Sermon
et al. [131]).
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sufficient DNA from the cells followed by the diagnosis
of a specific genetic defect or FISH for the analysis 
of chromosomes, including sexing. Techniques such 
as multiplex, fluorescent, and/or real-time PCR and
minisequencing are being introduced in an attempt to
overcome the inherent difficulties of single cell PCR
(including failure of amplification, potential sample
contamination, and ADO) due to the limited amount
of DNA template and to improve the diagnostic accur-
acy [131, 132].

Hemophilia is one of the most common indications
for PGD (either sexing alone or specific diagnosis)
among the X-linked disorders [123], whereas PGD
has not yet been applied to other inherited bleeding
disorders. Initially PGD in hemophilia only provided
diagnosis of fetal sex, but this entails the unnecessary
disposal of healthy male embryos and reduces the suc-
cess rate by decreasing the number of embryos suitable
for transfer. More recently, there have been reports 
of successful mutation-specific PGD of hemophilia
[132–134]. Gigarel et al. [134] described the use of
extragenic linked polymorphic markers for the indir-
ect PGD of hemophilia. Three (one male and two
females) embryos identified as unaffected were trans-
ferred, resulting in a singleton female pregnancy.
Fiorentino et al. [132] applied the method known as
minisequencing, which identifies the specific muta-
tions without sequencing the entire PCR product, for
the PGD of hemophilia A in five cases. Despite the
potential of direct mutation detection, an informative
intronic single nucleotide polymorphism in IVS 7 was
utilized to identify the affected allele. One live birth
unaffected by hemophilia was reported. Polymorphic
markers are useful when direct detection of muta-
tion is not possible, but they may not be informative
and there is also the risk of misdiagnosis because 
of crossover. Michaelides et al. [133] described the
first case of PGD based on direct mutation detection in
a family with severe hemophilia caused by a single
nucleotide substitution mutation in exon 14 of the
FVIII gene. This approach resulted in a singleton preg-
nancy with the birth of a non-carrier female.

PGD is likely to become a realistic option for more
couples at risk of having a child affected by hemo-
philia or other severe inherited bleeding disorders in
the near future. Although the reliability and efficiency
of PGD are improving with continuous scientific 
and technological advancement, it remains technically
challenging and labor intensive, requiring the close

collaboration of a team of specialists. It has raised 
several ethical and safety issues that still need to be
addressed. Further data are required to establish 
the potential long-term effect of embryo biopsy on
children born after the procedure. PGD also has con-
siderable financial implications as it entails the use of
IVF in addition to the advance molecular techniques.
Apart from being costly, IVF is associated with high
levels of stress and anxiety as well as the risks of multi-
ple pregnancies and ovarian hyperstimulation. Unlike
IVF for infertility, the number of suitable embryos
available for transfer is diminished by excluding
affected embryos or those with inconclusive results. 
In the latest (sixth) European Society of Human
Reproduction and Embryology PGD consortium
report, there were 2984 PGD cycles resulting in 501
pregnancies and 373 (12.5%) live births [123]. Based
on current evid-ence, PGD may be indicated in 
some individual cases after careful counseling and
assessment but should not be regarded as a standard
service [135]. It is required by the Human Fertilisation
and Embryology Authority (HFEA) for all PGD to 
be carried out in licensed centers and practice guide-
lines have been drawn up by the ESHRE PGD
Consortium [136].

Sperm sorting
This is an alternative approach for women with X-
linked disorders, such as hemophilia, to increase their
chance of a female pregnancy by selecting spermatozoa
that carry the X chromosome for use in intrauterine
insemination (IUI), in vitro fertilization (IVF), or ICSI.
It can also be utilized as an adjunct to PGD to 
increase the number of suitable embryos for transfer
[137, 138]. The sperm samples are enriched for X- 
or Y-bearing spermatozoa and the selection process is
based on the differences in their dry mass, DNA con-
tent, and size. On average, X-bearing spermatozoa
have about 2.8% more DNA and are larger and longer
[139–141]. However, there are some degrees of varia-
tions, and thus overlap, in these characteristics which
can make the distinction difficult.

Different sperm-sorting techniques have been devel-
oped and they fall broadly into two categories: gra-
dient methods and flow cytometry. Gradient methods
typically involve the sperm being put through a dense
liquid, such as gradient layers of albumin, and cen-
trifuged to separate the X- and the Y-bearing sperma-
tozoa. The success rate of this technique has been
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controversial and some laboratory studies have shown
that it does not achieve clinically significant enrich-
ment of X- or Y-bearing spermatozoa [142–149]. The
flow cytometry method uses a fluorescent dye to stain
the X and Y chromosomes of the spermatozoa. Since
the X-bearing spermatozoa have about 2.8% more
DNA content than Y-bearing spermatozoa, they take
up more dye [141]. This allows sperm to be sorted 
by means of fluorescence detection. The technique
(MicroSort, Fairfax, VA) has been shown to be able 
to sort human spermatozoa to a purity of 80–90% for
X spermatozoa and of 60–70% for Y spermatozoa
[150]. Fugger [151] reported the use of this sperm-
sorting procedure in 332 patients for indications
including X-linked disorders or family balancing. The
pregnancy rate per cycle was 11.8% (61/518) for IUI
and 24.1% (35/145) for IVF/ICSI. The number of
pregnancies, with known fetal or birth sex, resulting in
the desired sex was 94.4% (37/39) for females and
73% (11/15) for males; 47 pregnancies were ongoing
at the time of publication. This technique has raised
concerns regarding its safety as the use of chromatin-
binding dye and laser energy could potentially cause
disruption and damage in the DNA. Although there
are no reports to date indicating an increase in birth
abnormalities after sorting of human spermatozoa,
further data are required, particularly on its long-term
effects [152]. This technique is currently only avail-
able at two centers in the US and is the subject of an
ongoing clinical trial overseen by the US Food and
Drug Administration (FDA).

It is important to bear in mind that currently sperm
sorting can only increase the chance of, but does not
guarantee, a female pregnancy. A misdiagnosis rate 
of ~10–30% is unlikely to be acceptable to many 
couples [152], but some may favor the option of IUI
with sorted sperm as it is less invasive than PGD 
and does not involve the disposal of any embryos.
Previously, sperm sorting was not regulated in the 
UK. The Human Fertilisation and Embryology
Authority (HFEA), following its public consultation in
1993, recommended that its licensed centers should
not use sperm-sorting technique in sex selection [153].
It allowed clinics, subject to license from the HFEA,
to select the sex of embryos using PGD only for the
avoidance of serious sex-linked disorders [145]. Owing
to the developments in sperm sorting techniques, in
particular the flow cytometry method, the HFEA has
recently produced a review on this topic following a

public consultation in 2002–03 [154]. The review
concluded that because of the potential risk of harm
associated with the manipulation of sperm in the 
laboratory, all treatment with sorted sperm should be
regulated and clinics that provide a sperm sorting 
service should be brought within the licensing regime
[145]. It recommended that centres, subject to licenses
from the HFEA, should be permitted to offer treat-
ment using sperm sorted by flow cytometry (whether
alone or in combination with PGD) only to patients
with clear medical reasons. It also recommended that
gradient methods should not be used. At this time,
sperm sorting by the gradient method was still avail-
able from a few private clinics not under HFEA regu-
lation. However, since the recent implementation of
the European Tissues and Cells Directive (EUTD) in
July 2007, any center in the UK that processes sperm,
including sperm sorting, is now under the HFEA regu-
lation. These clinics are not permitted to sort sperm 
by the gradient method, and can only use the flow
cytometry method if there is a clear medical benefit.

Non-invasive prenatal diagnosis
To date, the definitive prenatal diagnosis of hemophilia
or other inherited bleeding disorders can only be
achieved by genetic analysis or coagulation assays of
fetal samples obtained through invasive procedures.
These tests are associated with small but definite risks.
Consequently, considerable effort has been made to
develop non-invasive prenatal diagnostic techniques
that obviate these risks. Fetal cells and, more recently,
ffDNA in the maternal circulation represent two 
potential sources of fetal DNA utilized for this purpose.
They both have their advantages and limitations. As
mentioned earlier, ffDNA has the attractions of being
present at a much higher concentration and having a
rapid clearance after delivery. Current advances in
real-time quantitative PCR technology have allowed
detailed studies of ffDNA in maternal plasma. In addi-
tion to the prenatal determination of fetal gender and
rhesus blood type, ffDNA has been applied success-
fully to the prenatal diagnosis of single gene disorders
caused by paternally inherited alleles or mutations.
Prenatal diagnosis of autosomal dominant diseases
such as achondroplasia [155, 156] and myotonic 
dystrophy [157] has been achieved by the detection of
fetal-derived paternally inherited mutations. Whereas
in autosomal recessive conditions, for example beta-
thalassemia [158–160] and cystic fibrosis [161, 162],
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prenatal exclusion was inferred by the absence of
fetal-derived paternally inherited alleles. It is very
difficult to differentiate the maternally inherited allele
of the fetus from the background of maternal DNA in
the plasma. Therefore, prenatal diagnosis of genetic
disorders caused by maternally inherited mutation is
at present not possible through the analysis of ffDNA.
This limitation could potentially be overcome by the
development of an approach based on the use of 
a universal fetal-specific marker that would then 
allow detection of fetal-derived maternally inherited
DNA in maternal plasma. Single nucleotide polymor-
phisms and epigenetic markers are two rapidly 
evolving areas of research that hold promise of a wider
application of ffDNA in the field of prenatal diagnosis
[163].

In contrast to ffDNA, analysis of intact fetal cells 
in maternal circulation offers the possibility of diag-
nosing maternally inherited disorders and aneuploidy.
However, the isolation of fetal cells from maternal
blood presents a considerable challenge because of
their limited numbers. Furthermore, enrichment pro-
cedures are required and they are generally very spe-
cialized, time-consuming, and technically demanding.
Fetal leukocytes can persist for years after delivery
[56, 164–166], thus giving rise to inaccurate results 
in multigravida. Trophoblasts are difficult to enrich
because of a lack of specific antibodies [167, 168].
Fetal erythrocytes or nucleated red blood cells (NRBCs)
have emerged as the most suitable fetal cell type
because they are relatively abundant in early fetal cir-
culation [169], have a short lifespan [170] and express
a number of antigens at high levels, which facilitates
their enrichment [171, 172]. Nevertheless, the use
of NRBCs is still subject to the difficult isolation and
enrichment process. Moreover, some NRBCs, even
after fetal cell enrichment, are of maternal origin 
[169, 173–175], hence the origin of each cell must be
confirmed when used for prenatal diagnosis. DNA ana-
lysis of NRBCs presents a further challenge. Although
PCR methods are highly sensitive, single-cell PCR is
prone to sources of error, including potential sample
contamination, total PCR failure, ADO and prefer-
ential amplification of one of the alleles. Continuous
efforts are being made in improving current molecu-
lar technologies and in developing more sensitive
methods of recovering and examining NRBCs. Despite
the tremendous challenge, it is not inconceivable that
non-invasive prenatal diagnosis of inherited bleeding

disorders using ffDNA or fetal cells in maternal circu-
lation may be achieved in the future.

Views and experiences of women in
families affected with inherited
bleeding disorders towards 
prenatal diagnosis

Several studies have been conducted on the attitudes
of carriers of hemophilia towards prenatal diagnosis
and their reproductive behavior. There is a lack of
data on these aspects for women with type 3 VWD 
or rare inherited bleeding disorders because of their
rarity. The experiences reported on carriers of hemo-
philia are likely to reflect those of women with rare
bleeding disorders since the developments in their
treatment and prenatal diagnosis have followed a sim-
ilar trend. Nonetheless, further research in these areas
is required to confirm this postulation.

Attitudes towards prenatal diagnosis

Women’s attitudes towards prenatal diagnosis and
termination of pregnancy vary widely between differ-
ent countries and cultures. Religion is a strong deter-
minant of the individual’s decision regarding prenatal
diagnosis and termination of pregnancy [176, 177].
For example, Catholic women are less likely to opt 
for these options than women of other religious belief
[178, 179]. Other factors that affect women’s views
towards prenatal diagnosis include their attitudes to-
wards termination of pregnancy, the severity of the dis-
order, their experience of the condition within the family,
and the nature and availability of the tests involved.

In a survey of 105 carriers of severe or moderate
hemophilia in Sweden, those who experienced prenatal
diagnosis were significantly more positive towards
selective termination of pregnancy than those who did
not opt for prenatal diagnosis [180]. This connection
is understandable since selective termination is often
the primary purpose for prenatal diagnosis. Similarly,
in a study of 549 potential and obligate carriers in The
Netherlands, one of the main reasons for not choosing
prenatal diagnosis was a negative attitude towards 
termination of pregnancy [181]. In this study, only
11% of women with children had opted for prenatal
diagnosis. Most women from affected families objected
to prenatal diagnosis because they did not consider
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hemophilia to be sufficiently serious to justify an 
abortion [181]. Similar views were expressed among 
carriers of hemophilia in Scotland, Canada, and the
USA [179, 182, 183]. In a review of the obstetric ex-
perience of carriers spanning two decades from our
centre in the United Kingdom, the uptake of invasive
prenatal diagnostic tests remained relatively low at
35% (17/48) and 20% (13/65) over the periods 1985–
95 and 1995–2005, respectively [184, 185]. A low
(14%) uptake of prenatal diagnosis has also been
reported among carriers of severe and moderate hemo-
philia in Sweden towards the end of the 1990s [180].

Another factor that has been identified as an 
important determinant of the choice of prenatal diag-
nosis is the severity of the disorder and the woman’s 
experience of this disorder within the family [180].
Understandably, carriers who have experienced the
complications of hemophilia or its treatment were
more in favor of prenatal diagnosis than women
whose affected children received modern treatment
without complications. This appears to apply also to
the decision to interrupt an affected pregnancy. In
our series [185], carriers who opted to have prenatal
diagnosis and eventual termination of affected preg-
nancy were from families with either severe or moderate
hemophilia. None of the carriers of mild hemophilia
opted for invasive testing or termination of pregnancy
because of hemophilia [185].

Carriers may choose to have prenatal testing with-
out the intention of interrupting an affected pregnancy,
but for reasons such as psychological preparations 
or planning for the management of labor and delivery. 
In the Swedish study by Tedgard et al. [180], most 
carriers reported a positive attitude towards prenatal
diagnosis itself while expressing a more negative 
feeling towards termination of pregnancy following
prenatal diagnosis, especially among those without
previous experience of prenatal diagnosis. Similarly,
in a study of 35 mothers of children with hemophilia,
43% would consider prenatal diagnosis, but only 17%
would terminate a pregnancy if the fetus was found 
to be affected [179]. The majority of those interested
in prenatal diagnosis only wanted to know if the fetus
was affected and did not have the intention of select-
ive termination. In our series, termination of preg-
nancy was opted for in about 60% of the pregnancies
identified to carry an affected male [184, 185]. The
majority of pregnancy terminations performed among
carriers of hemophilia were for social reasons and not

directly for hemophilia [184]. At the same time, an
increasing number of carriers over the two decades
(from 52% to 97%) chose to have prenatal fetal sex
determination. This could be attributed to the non-
invasive nature of the techniques involved but also to
an increased awareness of its benefits in optimizing the
management of labor and delivery [184, 185].

Timing of the prenatal diagnostic test can also influ-
ence the woman’s decision on its uptake. Women are
more inclined to object to prenatal diagnosis if it is per-
formed at a later stage of gestation. When prenatal
diagnosis first became possible through fetoscopic
fetal blood sampling in the second trimester, only 3%
of all pregnant hemophilia carriers in the USA utilized
this option [186]. In the Dutch study by Varekamp
et al. [181], 30% of the respondents stated that they
would opt for prenatal diagnosis and potential termi-
nation in the future if this was done early in pregnancy
compared with only 15% if it was only possible in 
the 18–20th gestational week. Prenatal diagnosis of
hemophilia by CVS and gene analysis appears to be
generally well accepted by carriers and their partners.
In a study involving 29 carriers of hemophilia and 23
of their partners who had experienced first trimester
CVS, most women (79%) and all men were positive
towards having prenatal diagnosis by CVS in a future
pregnancy [187].

A large difference in the attitudes towards prenatal
diagnosis and termination of pregnancy for hemophilia
has been observed between the developed and the
developing countries [188, 189]. The burden of a
severe genetic condition is evidently heavy in devel-
oping countries where there are limited facilities and
resources. The life expectancy and the quality of life of
affected individuals are subsequently poorer in these
countries. As a result, the prevention of the birth of
children with hemophilia is a key objective in these
countries [190]. One study compared the views of
hemophilic populations in Iran and Italy towards 
prenatal diagnosis and termination of pregnancy and
found the acceptability of termination of pregnancy
for hemophilia was four times greater (58% vs 17%)
in Iranians than in Italians. This difference could be
explained by the higher availability and quality of
medical care for hemophiliacs in Italy [188]. Likewise,
most families affected by hemophilia in India, where
there is poor awareness of the disorder, inadequate
diagnostic facilities, and a lack of social support 
systems, would consider termination of an affected
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pregnancy [189]. However, despite a high acceptability,
the use of prenatal diagnosis is limited by multiple 
factors such as lack of awareness, financial constraints,
inadequate diagnostic facilities and social stigma [191].

The experiences and psychological effects of
prenatal diagnosis

Prenatal diagnosis is associated with a considerable
amount of anxiety and distress particularly when per-
formed because of a high genetic risk [192–194].
Anxiety arises from the risk of having an affected child
with long-term morbidity, having potentially painful
and invasive diagnostic tests, having a miscarriage due
to these tests, receiving an abnormal result, making
the decision whether to continue or have a termination
of the pregnancy, and undergoing the process of termi-
nation and its complications. The negative psycholo-
gical effect associated with prenatal diagnosis has been
found to be more prominent when prenatal diagnosis
is carried out at a more advanced gestation [187,
195–197]. Equally, termination of pregnancy is asso-
ciated with greater mood disturbances following the
procedure when carried out after second compared
with first trimester prenatal diagnosis [198]. Among
carriers of hemophilia, significantly fewer signs of
depressive mood were reported following CVS than
fetal blood sampling in the second trimester [187,
199]. Termination of an affected pregnancy was found
to be emotionally painful for all carriers despite the
gestation, but the negative experience was more pro-
found after second trimester termination [187, 199].

A number of characteristics have been identified
among carriers at high risk of having negative psy-
chological reactions in association with a prenatal
diagnosis of hemophilia by fetal blood sampling [200].
They include a negative view of oneself in general and
of being a carrier, a planned pregnancy, high educa-
tion, good general knowledge of hemophilia, and a
guiding philosophy of life. These women also reported
signs of depressive mood significantly more often at
follow-up. Although fetal blood sampling has largely
been superseded by CVS and amniocentesis for prenatal
diagnosis, the results of the study may help to identify
women who are likely to have difficulty in coping
emotionally with the process of prenatal diagnosis and
therefore at particular need for psychological support.

The long-term psychological effects of prenatal
diagnosis have been evaluated using a symptom check

list questionnaire (SCL-90) [201] among 50 carriers 
of hemophilia at a median of 5.5 (range 1–17) years 
since their last prenatal diagnosis [202]. The numbers 
of carriers who underwent early and late prenatal
diagnosis were 29 (58%) and 21 (42%), respectively.
Nineteen had termination of pregnancy following pre-
natal diagnosis. No negative long-term psychological
effects were demonstrated among these carriers. They,
and particularly those who had late prenatal diagnostic
procedures, have a lower tendency for somatization
(psychological distress that arises from perceptions 
of bodily dysfunction) than carriers who did not opt
for prenatal diagnosis. The subgroup of carriers with
late prenatal diagnosis did however have higher scores 
on the SCL (symptom checklist) subscales for inter-
personal sensitivity, depression, and the general sever-
ity index. But this group of carriers appears to have
been protected from long-term negative psycho-
logical effects by their good sense of coherence and 
social support. It is reassuring that prenatal diagnosis
of hemophilia did not appear to have negative long-
term psychological effects. Nevertheless, psychosocial 
support is recommended and crucial for all couples
undergoing prenatal diagnosis and those opting for
subsequent termination of affected pregnancy.

Effects on reproduction

The impact of prenatal diagnosis on the incidence 
of hemophilia had been evaluated in Sweden [203,
204]. The annual incidence of severe and moderate 
hemophilia was relatively constant prior to the 1980s.
It then increased from 0.78/10 000 males in the 1970s 
to 1.34/10 000 in the 1980s and leveled off at 1.31/
10 000 in the 1990s [204]. The increased incidence
was thought to be most likely due to the improve-
ments in the treatment of hemophilia, which led to 
the increased life expectancy and reproductive fitness
of affected individuals and subsequently an increased
number of carrier daughters. Although prenatal diag-
nosis did not affect the incidence of hemophilia in 
the 1970s and 1980s, it appeared to have offset a fur-
ther increase in the incidence hemophilia in the 1990s.
One probable explanation was the introduction of
first trimester prenatal diagnosis that resulted in a
higher uptake of prenatal diagnosis for hemophilia
[204].

In a Swedish study towards the end of the 1990s,
carriers of hemophilia have been found, in general, to
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have the same number of children as other women 
of similar age [180]. However, many carriers who did
not opt for prenatal diagnosis chose not to have fur-
ther pregnancies after the birth of a hemophilic child.
These carriers had significantly fewer children than
carriers who had prenatal diagnosis or age-matched
non-carriers [180]. In our study, which assessed the
reproductive choices of 197 obligate and potential
carriers of hemophilia during the same period, 106
(54%) had made a conscious decision not to have 
children or any more children. Hemophilia was a
major factor in this decision for a large proportion of
women. The reasons were fear of passing hemophilia
on to their child (44%), previous experience with
hemophilia in the family/not wanting to cope with
another hemophilic child (6%), and the stress of going
through prenatal tests when they would not consider
termination of pregnancy even if the baby was affected
(7%) [205].

It is most likely that with the availability of prenatal
diagnosis and improved treatment most carriers are
able to have the number of children they wish to have.

Modern treatments in the developed countries 
have led to decreased morbidity and consequently
fewer parents feel obliged to prevent the birth of an
affected child. However, at the same time, parents are
being presented with more possible options as a result
of developments in diagnostic techniques and molecu-
lar technology. Many welcome these new opportuni-
ties that were previously unavailable, but for others 
they may add more complications or burden to the
decision-making process. This further emphasizes the
importance of genetic counseling in helping and sup-
porting prospective parents to come to an often very
difficult decision regarding reproduction.
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Introduction

Childbirth presents an intrinsic hemostatic challenge
to women with inherited bleeding disorders who 
could otherwise remain asymptomatic. Pregnancy in
these women requires specialized and individualized
management provided by a multidisciplinary team of
obstetricians, hematologists, and anesthetists. Advance
planning in addition to a good understanding and
awareness of the potential maternal and neonatal
complications are essential in ensuring an optimal out-
come. This chapter will address (a) the hemostatic
changes in pregnancy, (b) the antenatal, intrapartum,
and postnatal management of women with inherited
bleeding disorders, and (c) the hemostatic agents avail-
able for treatment during pregnancy. In each section,
inherited bleeding disorders are broadly categorized
into carriers of hemophilia, von Willebrand disease
(VWD) and rare bleeding disorders [afibrinogenemia
and deficiencies of prothrombin (factor II, FII), factor
V (FV), factor VII (FVII), factor X (FX), factor XI (FXI),
factor XIII (FXIII) and combined factor deficiencies].
Specific areas on prenatal diagnosis, obstetric analge-
sia/anesthesia and neonatal management are covered
in further detail in Chapters 9, 11 and 12.

Hemostatic changes in pregnancy

Normal pregnancy

Various hemostatic changes occur during normal
pregnancy (Table 10.1). They are generally in the
direction of hypercoagulability and are considered 
to be in preparation for the hemostatic challenge of
delivery. These physiological alternations include a
progressive increase in the levels of coagulation FVII,
FVIII, FX, FXII, von Willebrand factor (VWF), and
fibrinogen [1–9]. The rise in these coagulation factors,
in particular FVIII and VWF, is generally more marked
in the third trimester [1, 3, 4]. The increase in FVIII
and VWF appear to occur in parallel during the first
half of the pregnancy but then diverge because of a
greater increase in VWF antigen (VWF:Ag) [3, 10]. The
ratio of VWF:Ag to FVIII coagulant (FVIII:C) activity
rises from 1.09 at 11–15 weeks to 1.77 at 36–40
weeks’ gestation [3]. FII , FV and FIX levels are slightly
increased or unchanged during normal pregnancy 
[3, 4, 11]. Inconsistent changes have also been reported
for FXI levels, with different studies demonstrating a
slight increase [8], no change [4], or a decrease [1, 12,
13] during pregnancy. The FXIII level decreases overall
during pregnancy [14–16]. Despite numerous studies
of hemostasis in normal pregnancy, the mechanisms
and significance of these changes are still poorly
understood.

In women with inherited bleeding disorders similar
hemostatic responses to pregnancy are seen, which
can lead to normalization of the hemostatic defect in
some of these women. However, the response is vari-
able in different inherited bleeding disorders and there
are also great interindividual variations in women
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with the same disorder. Furthermore, it is highly likely
that women with factor deficiencies do not achieve the
same magnitude of rise in the respective factor level
during pregnancy as those of women with normal
hemostasis [17–20].

Carriers of hemophilia

Both FVIII and VWF levels increase progressively in
carriers of hemophilia A during pregnancy, reaching
its peak in the third trimester. Consequently, most car-
riers of hemophilia A have normal (>50 IU/dL) FVIII
and VWF levels at term [21, 22]. In contrast, FIX levels
do not increase significantly during pregnancy, hence
most carriers of hemophilia B with a low baseline
(non-pregnant) level will continue to have the hemo-
static defect at term [4, 21].

von Willebrand disease

A progressive increase in levels of FVIII:C, VWF:Ag
and VWF activity (VWF:AC) is seen during pregnancy
in most women with type 1 VWD, with the greatest
improvement seen in the third trimester [18, 22–24].
The majority of these women achieve factor levels 
>50 IU/dL at term. However, lack of improvement in
the hemostatic defect has been reported in women
with severe type 1 VWD [18, 25] and in women with
type 1 VWD due to C1130F mutation [26]. In a series
of 24 pregnancies in 13 women with VWD, it was
noted that FVIII:C and VWF:Ag rose by a factor of at
least 1.5 during pregnancy in most cases [18]. On the

other hand, all women with a baseline VWF:AC of
<15 IU/dL had a less marked improvement in VWF:AC
and none achieved a third trimester VWF:AC of 
>50 IU/dL [18]. Similarly, women with type 3 VWD
showed little or no increase in their FVIII and VWF
levels [23, 27].

In type 2 VWD, FVIII and VWF:Ag levels usually
increase during pregnancy, but most studies show
minimal or no increase in VWF:AC and a persistently
abnormal pattern of multimers, reflecting the increased
production of abnormal VWF [18, 22, 28]. This pat-
tern, however, varies between individuals and different
subtypes of type 2 VWD. In women with subtype 2A,
an increase in FVIII:C with a modest or no response 
in VWF:Ag and VWF ristocetin cofactor activity
(VWF:RCo) have been observed [24, 28]. In women
with subtype 2M associated with single (R1205H) and
double (R1205H and M740I) mutations, no signific-
ant changes in VWF and FVIII levels were observed
during pregnancy [29].

In women with subtype 2N (Normandy) VWD,
FVIII levels often remain low despite increased FVIII
and VWF production during pregnancy due to impaired
binding by the abnormal VWF [30–33]. However,
correction of low FVIII levels during pregnancy has
been described in women homozygous or heterozy-
gous for R854Q mutation [34]. The increase in the
FVIII level during pregnancy and after therapy may be
dependent on the specific mutation and on the severity
of the resulting binding defect [30, 35]. The diagnosis
of type 2N VWD during pregnancy could be mistaken
for carriership of hemophilia A or it may be masked by
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Table 10.1 Hemostatic changes
during normal pregnancy Clotting factors Increase (↑) No significant Inconsistent (–)

change (↔)

Fibrinogen ↑
FVII ↑
FVIII ↑
FX ↑
FXII ↑
VWF ↑
FII ↔
FV ↔
FIX ↔
FXI –

F, factor; VWF, von Willebrand factor.
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an increase in FVIII level to the normal range in milder
cases [30, 32]. Accurate diagnosis is important for
genetic counseling and appropriate management of
pregnancy and delivery, as they differ between women
with type 2N VWD and carriers of hemophilia.

In subtype 2B, thrombocytopenia may develop or
worsen during pregnancy due to increased production
of the abnormal intermediate VWF multimers, which
bind to platelets and induce spontaneous platelet 
aggregation [36, 37]. In some cases, thrombocytopenia
developed only during pregnancy, with reversal to
normal or minimally reduced platelet count after
delivery [36–39]. The platelet count has been reported
to fall during pregnancy to a nadir of 10–20 × 109/L at
term [37, 40, 41]. Type 2B VWD should be included
in the differential diagnosis of thrombocytopenia dur-
ing pregnancy, especially in women with a personal 
or family bleeding history, as it could be misdiagnosed
as idiopathic thrombocytopenic purpura, resulting in
unnecessary and ineffective therapy [30, 40].

Rare bleeding disorders

Owning to the rarity of these disorders, there are 
limited data on the hemostatic response to pregnancy
in affected women. In general, their hemostatic abnor-
malities persist throughout pregnancy, especially if the
defect is severe. Although pregnancy is associated with
an increase in the FX level [8], it often remains low in
women with a severe deficiency [42, 43]. Similarly,
most studies have found no significant rise in FVII 
levels during pregnancy in women with homozygous
(severe) FVII deficiency [44–47]. On the contrary, a
significant rise in FVII levels has been reported among
women with heterozygous (mild/moderate) FVII defici-
ency [48].

Studies on changes in FXI levels during pregnancy in
the general obstetric population have yielded contro-
versial results [1, 4, 8]. Similarly, inconsistent changes
in FXI levels have been observed in pregnant women
with FXI deficiency [23, 49]. Overall, there appears to
be no significant increase in FXI levels during preg-
nancy in these women and most of them are likely to
have subnormal factor levels at term [23, 49]. Sim-
ilarly, prothrombin and FV levels do not alter signific-
antly during normal pregnancy [3, 4, 11]. Therefore, the
hemostatic abnormalities in women with prothrombin
or FV deficiency are expected to continue throughout
pregnancy. Women with FXIII or fibrinogen deficiency,

in general, also have persistent hemostatic defects dur-
ing pregnancy [50–54].

Antenatal management

Women may be exposed to various hemostatic
challenges during pregnancy. They include spontan-
eous miscarriage and invasive procedures such as pre-
natal diagnostic tests, termination of pregnancy, and
insertion of cervical cerclage. These can be complic-
ated by excessive and prolonged bleeding. In women
with inherited bleeding disorders, it is important to
assess the relevant clotting factor level and arrange
prophylactic cover, if necessary, prior to any invasive
procedures and in cases of spontaneous miscarriage to
minimize the risk of bleeding complications.

A close and continuing collaboration between
obstetricians and hematologists is essential for the
management of pregnancy in these women. Ideally,
clotting factor levels should be checked at booking,
and at 28 and 34 weeks of gestation, especially in
those with low pre-pregnancy levels. Having factor
levels checked at planned intervals allows their avail-
ability in acute situations when factor levels often 
cannot be assessed easily. Monitoring in the third
trimester is of particular importance for appropriate
management of labor and delivery, which will be
addressed in the next section. Details on prenatal dia-
gnosis can be found in Chapter 9.

Carriers of hemophilia

The risks of miscarriage and bleeding during preg-
nancy are unknown in carriers of hemophilia. In a
review of a total of 172 pregnancies among 65 carriers
of hemophilia A and 20 carriers of hemophilia B in 
the United Kingdom during the periods 1985–95 [21]
and 1995–2005 [55], the miscarriage rate was found
to be 31% (22/72) and 17% (13/78), respectively. 
In the remaining pregnancies reviewed over the two
decades, no antepartum bleeding (vaginal bleeding
after 24 weeks’ gestation) was documented in carriers
of hemophilia A. Self-limiting mild to moderate ante-
partum bleeding was reported in three pregnancies
among two carriers of hemophilia B. FIX levels were
<50 IU/dL when the bleeding occurred. No hemostatic
treatment was given and the pregnancies continued 
to term. During the study periods, a further two carriers
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of hemophilia B and two carriers of hemophilia A 
had persistently low (<50 IU/dL) FIX or FVIII levels
throughout pregnancy but did not experience ante-
partum bleeding.

A large concealed subchorionic hematoma diagnosed
by ultrasound has been reported in a carrier of hemo-
philia B at 32 weeks of gestation [56]. Her FIX level
had decreased from pre-pregnancy levels of 7–11 to 
4 IU/dL with a decreased platelet count of 60 × 109/L.
She was managed conservatively with FIX infusions
for 9 days. Subsequent ultrasound showed a signific-
ant decrease in the size of the hematoma and a success-
ful pregnancy outcome at term was achieved.

At present there is insufficient evidence to determine
whether the risks of miscarriage and bleeding during
pregnancy are increased among carriers of hemophilia.
It is unknown whether the use of antenatal prophy-
laxis can prevent these complications in women with
low (<50 IU/dL) factor levels. However, they require
prophylactic cover for any invasive procedures. As
FVIII increases significantly during pregnancy, pro-
phylaxis is not usually required in carriers of hemo-
philia A during late pregnancy and at delivery.
Nevertheless, they may require prophylactic cover for
invasive procedures in the first or second trimester
since the rise in FVIII levels may only become signi-
ficant in late gestation. Carriers of hemophilia B with
low pre-pregnancy levels usually require hemostatic
support for any invasive procedures as FIX levels do
not increase significantly during pregnancy. In the 
UK series [55], recombinant FVIII or FIX was given 
in 59% (10/17) of the pregnancies to cover invasive 
prenatal diagnostic procedures because the women’s
factor levels were <50 IU/dL and no bleeding com-
plication was reported. Desmopressin has also been
used safely for this purpose in carriers of hemophilia A
(see “Desmopressin”) [57].

von Willebrand disease

It is unclear whether VWD is associated with an
increased risk of miscarriage. Vaginal bleeding dur-
ing the first trimester (threatened miscarriage) was
reported in 28 (33%) of 84 pregnancies among 31
women with VWD in a UK study [23]. In the general
population, first trimester vaginal bleeding has been
reported in 7–19% of pregnancies [58–60]. It is pos-
sible that women known to have a bleeding disorder
present more readily if they experience any bleeding 

in pregnancy. In a case–control study, the percentage
of pregnancies ending in miscarriage was higher
among women with VWD than in controls (15% vs
9%), a difference of borderline statistical significance
(P = 0.05) [61]. Although higher than controls, a mis-
carriage rate of 15% is not distinctly different from
the rate of 12–13.5% observed in the general popula-
tion [62–64]. The overall rates of spontaneous mis-
carriage in affected women in two case series were
21% [23] and 22% [65], respectively. The latter study
examined women with VWD who were unresponsive
to desmopressin. Interestingly, women classified as
type 1 “Other” (because of insufficient data and hetero-
geneity of the group) had a higher miscarriage rate
(31%) than those with types 2 or 3 VWD (11%) [65],
suggesting that the bleeding disorder may not con-
tribute to this adverse outcome. In another study
including 182 Iranian women with type 3 VWD, the
miscarriage rate was not found to be more frequent
than in the general population [66]. Caliezi et al. 
[27] described the use of regular replacement therapy
with VWF-containing FVIII concentrate in the first
trimester to prevent pregnancy loss in a woman with
type 3 VWD who experienced recurrent vaginal bleed-
ing during early pregnancy. Antenatal prophylactic
therapy may be considered in cases of severe VWD
presenting with recurrent pregnancy loss or the devel-
opment of a subchorionic hematoma [27, 56]. How-
ever, there is currently a lack of evidence in the literature
on its efficacy in improving the pregnancy outcome.

Bleeding complications may occur following spon-
taneous miscarriage or elective termination. In the 
UK study, excessive bleeding requiring transfusion
was reported in 10% of spontaneous miscarriages and
elective terminations [23]. Furthermore, 30% of the
cases had prolonged, intermittent bleeding after the
miscarriage. Several other case reports have also docu-
mented bleeding complications during the first few
weeks following termination of pregnancy or miscar-
riage in women with VWD [65, 67–69].

It was generally believed that the risk of antepartum
hemorrhage is not increased in women with VWD.
However, a recent large case–control study from 
the USA including 4067 deliveries in women with a
diagnosis of VWD found that women with VWD are
10 times more likely to experience antepartum bleed-
ing, but not placental abruption, preterm delivery,
fetal growth restriction or stillbirth, than women
without VWD [70].
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Antenatal management of women with VWD
includes regular monitoring of VWF:Ag and VWF:AC
together with FVIII:C, particularly prior to any inva-
sive procedures and in the third trimester. The platelet
count should also be monitored in women with type
2B VWD as thrombocytopenia may develop or worsen
during pregnancy [36]. The extent to which thrombo-
cytopenia contributes to the bleeding risk is unknown
but probably depends on its severity [30]. If VWF:AC
and/or FVIII:C is less than 50 IU/dL, prophylactic
treatment should be given to cover any invasive pro-
cedures during the antenatal period as well as labor
and delivery [71, 72]. Treatment options include
desmopressin, virus-inactivated VWF-containing con-
centrates and antifibrinolytic agents such as tranex-
amic acid (see “Hemostatic agents and pregnancy”).
Platelet transfusions in addition to replacement therapy
with VWF-containing FVIII concentrates may be
required in type 2B VWD if the woman develops
significant thrombocytopenia [40].

Rare bleeding disorders

Data on the management of pregnancy in affected
women is limited and mostly derived from case
reports. It is therefore crucial that these women are
managed in close collaboration with specialized centers/
hematologists to ensure optimal pregnancy outcomes.
Although very rare, these autosomal recessive dis-
orders are seen more frequently in communities where
consanguineous marriages are common.

Deficiency of FXIII and fibrinogen are two rare
inherited bleeding disorders that are strongly associ-
ated with pregnacy loss [16]. Both FXIII and fibrino-
gen play an essential role in placental implantation
and the continuation of pregnancy. Several reports have
described an increased risk of recurrent miscarriages
and placental abruption resulting in fetal loss or pre-
mature delivery among women with FXIII [52, 73–79]
or fibrinogen [51, 80–82] deficiency. Fortunately, it
seems possible to revert these adverse pregnancy out-
comes with replacement therapy [51, 54].

FXIII deficiency
In plasma, FXIII circulates as a tetramer composed of
two A subunits and two B subunits. The A subunit is
the enzymatically active part, whereas the B subunit
is a plasma carrier protein [54]. Three subtypes of

FXIII deficiency have been identified according to the
presence or absence of the subunits A and B: type I
(combined deficiency of both subunits A and B); type
II (deficiency of subunit A); and type III (deficiency of
subunit B) [83].

In a review of case reports and series in the 
English literature between 1966 and 1998, 61 women
with FXIII deficiency (four type 1, 55 type II, and two
type III) were identified [52]. Women with types I
and III conceived and delivered normally. However,
the majority of women with type II had a history of
recurrent miscarriages. There were seven successful
pregnancies among women with type II FXIII defici-
ency and five had received FXIII replacement. Similarly,
in a more recent literature review eight successful
pregnancies with replacement therapy were reported
among six women with FXIII subunit A deficiency [54].
Without substitution therapy, all pregnancies experi-
enced by these women ended in miscarriages. These
data suggest that appropriate replacement therapy is
critical for pregnancy maintenance in these women.
Since pregnancies had been reported to establish spon-
taneously without replacement therapy [79, 84], it
does not seem that FXIIIA is essential for either fertil-
ization or early implantation. However, it is recom-
mended that replacement therapy (to maintain FXIII
levels at least >3 IU/dL [50] and, if possible, >10 IU/dL
[54]) be commenced as early as possible in pregnancy
to prevent bleeding and pregnancy loss. In all severely
affected girls, monthly prophylactic infusions of FXIII
concentrate are recommended from the time of diag-
nosis in view of the potentially fatal bleeding compli-
cations, including intracranial hemorrhage [50].

Inherited fibrinogen abnormalities
Inherited abnormalities of fibrinogen consist of quan-
titative (afibrinogenemia and hypofibrinogenemia) 
and qualitative deficiencies (dysfibrinogenemia). These
abnormalities can also coexist as hypodysfibrinogene-
mia. Afibrinogenemia refers to a total absence of fib-
rinogen whereas hypofibrinogenemia is a milder form
of the disorder with a decreased level of fibrinogen.
Both are associated with recurrent miscarriages as
well as placental abruption and postpartum hemor-
rhage [51, 81, 85, 86].

In a total of 20 pregnancies among eight women
with afibrinogenemia, there were 12 miscarriages, 
two perinatal deaths (a stillbirth at 24 weeks and a
neonatal death following delivery at 27 weeks’ gesta-
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tion), and six live births between 36 and 40 weeks 
[51, 80, 81, 87–91]. All successful pregnancies were
achieved with fibrinogen replacement therapy through-
out pregnancy. Pregnancies were established spontan-
eously but vaginal bleeding began at around 5 weeks’
gestation in cases where fibrinogen infusions were not
commenced at 4 weeks’ gestation [51, 88]. Based 
on these observations, it is recommended that regular
fibrinogen infusions be commenced as soon as pos-
sible in pregnancy to keep the fibrinogen level at least
>0.6 g/L (if possible, >1 g/L) [50, 51]. Fibrinogen
clearance has been found to increase as the pregnancy
progresses [92]. Thus the amount of fibrinogen
required to avoid placental abruption also increases
with advancing gestation [51]. Similar replacement
therapy may be required in women with hypofibrino-
genemia, depending on the fibrinogen level, bleeding
tendency, and previous obstetric history [93].

Regular monitoring of fibrinogen levels and ultra-
sound assessment for concealed placental bleeding
and fetal growth are also recommended. Aygoren-
Pursun et al. [94] reported a woman with congenital
afibrinogenemia receiving fibrinogen prophylaxis who
developed a subchorionic hematoma in the first
trimester. The subchorionic hematoma was identified
on ultrasound 1 day after a plasma fibrinogen nadir of
0.29 g/L. This could either suggest the marked fibrino-
gen deficiency as the cause of the hemorrhage or reflect
fibrinogen consumption by the developing hematoma.
With subsequent continuous and intensified fibrino-
gen concentrate replacement, the hematoma resolved
over 6 weeks and the woman delivered a healthy infant
at term. Paradoxical thrombotic events have also been
reported in patients with inherited afibrinogenemia
[82, 95, 96]; hence, the risks of bleeding and thrombosis
should be balanced during pregnancy.

Dysfibrinogenemia is characterized by abnormal
fibrinogen function and has an unpredictable clinical
phenotype [50]. It is usually transmitted as an auto-
somal dominant trait, an exception to the general 
pattern of rare inherited bleeding disorders as reces-
sive disorders. A database of over 250 patients showed
that 53% were asymptomatic, 26% had a tendency 
to bleed, and 21% had thrombosis, some of whom
also had hemorrhage [97]. A study of the Scientific
and Standardization Committee of the International
Society on Thrombosis and Haemostasis (ISTH) iden-
tified 26 cases that fulfilled the criteria of familial
dysfibrinogenemia and thrombosis not due to other

reasons [98]. The study included 15 women who had
at least one pregnancy. A high incidence of spontan-
eous miscarriages (24/64, 38%) and stillbirth (6/64,
9%) was noted among these women. Placental abrup-
tion has also been reported in women with dysfibrino-
genemia [99, 100].

The management of pregnancy in women with
dysfibrinogenemia needs to be individualized, tak-
ing into account the fibrinogen level as well as the 
patient’s personal and family history of bleeding and
thrombosis [50]. No specific treatment is required 
in asymptomatic women unless bleeding occurs or
there is a significant bleeding tendency. Women with a
personal or family history of thrombosis should be
offered antenatal prophylaxis with low-molecular-
weight heparin (LMWH) and fibrinogen replacement
therapy is given only if bleeding occurs. Conversely,
replacement therapy should be considered in women
with a personal or family bleeding phenotype, espe-
cially if the bleeding tendency is significant or if the
patient is undergoing invasive procedures. Thrombo-
prophylaxis with compression stockings and a pro-
phylactic dose of LMWH should also be considered as
fibrinogen may precipitate venous thrombosis [50].
There is limited information on the management of
women with dysfibrinogenemia who have recurrent
miscarriages. The options include the use of prophy-
lactic LMWH and if this fails the use of fibrinogen
replacement is considered [50]. Yamanaka et al. [101]
described a woman with dysfibrinogenemia who 
had two first trimester miscarriages and two second
trimester fetal losses due to placental abruption. She
was treated with fibrinogen replacement to maintain 
a fibrinogen level of >1 g/L from 8 weeks’ gestation in
her fifth pregnancy. Although complicated by vaginal
bleeding and preterm labor, a live male infant was
delivered by an emergency cesarean section at 29
weeks’ gestation.

Factor II (prothrombin) deficiency
Prothrombin deficiency is the rarest inherited bleeding
disorder with an estimated prevalence of 1:2 million 
in the general population [102]. It can be classified 
as hypoprothrombinemia, where there is a parallel
decrease in prothrombin antigen and activity levels, 
or dysprothrombinemia, where prothrombin activity
is reduced but antigen level is normal or slightly de-
creased [103]. The activity level is usually <10 IU/dL
in homozygous hypoprothrombinemia and between
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40 and 60 IU/dL in heterozygotes. In dyspro-
thrombinemia, the activity levels vary between 1 
and 50 IU/dL [103]. Bleeding manifestations may be
severe in homozygous but absent in heterozygous
hypoprothrombinemia and they are variable in 
dysprothrombinemia.

There are very limited data on the obstetric compli-
cations or management of women with FII deficiency.
Catanzarite et al. [104] reported eight pregnancies 
in a woman with congenital hypoprothrombinemia
(FII activity <1 IU/dL). All the pregnancies were com-
plicated by first trimester bleeding, four ended in 
a miscarriage and four progressed to term without
replacement therapy. It is difficult to make recommen-
dations on the obstetric management of these women
and it is unclear whether routine prophylactic therapy
during pregnancy can improve outcome. However, it
is imperative to correct the deficiency in the event of
serious bleeding or prior to any invasive procedures.

Factor V deficiency
Information on pregnancy management and outcomes
in women with FV deficiency is also scarce. In a series
of 15 pregnancies in 11 heterozygote women (with FV
activity levels about 50 IU/dL) and three pregnancies
in two homozygous women (with FV activity levels
<5 IU/dL), no bleeding complications in the antenatal
period were reported [105]. There did not appear to
be an increased incidence of recurrent miscarriages,
premature birth, and/or fetal loss in the study [105].
Replacement therapy is required in those with severe
deficiency to cover any invasive procedures and 
delivery [106].

Factor VII deficiency
FVII deficiency is the most common of the rare 
inherited bleeding disorders. It is associated with a
wide spectrum of bleeding symptoms. Furthermore,
there is a relatively poor correlation between absolute
FVII levels and the bleeding tendency; some indi-
viduals with very low FVII levels may have minimal
symptoms, whereas others with higher levels have 
a significant bleeding tendency [50]. In severe (homozy-
gous) FVII deficiency, the FVII levels are usually 
<10 IU/dL, whereas levels of 40–60 IU/dL are com-
monly seen in heterozygotes [45, 107]. Despite the
poor correlation between FVII level and bleeding risk,
it is generally believed that a level between 10 and 
20 IU/dL is required to achieve hemostasis for surgery

or invasive procedures, and clinical manifestations do
not usually occur unless the FVII level is <10 IU/dL
[50, 108].

As previously discussed, a significant rise in FVII
level is seen during pregnancy in non-deficient women.
This has also been observed in women with mild/
moderate forms of FVII deficiency (heterozygotes)
[48], but not in women with severe deficiency [44–47].
In a series including 10 pregnancies in four women
with mild/moderate FVII no bleeding complications
related to delivery were reported, possibly reflecting
the protective effect of the pregnancy-induced rise 
in factor level [48]. However, excessive bleeding was
reported after two early pregnancy losses prob-
ably due to an inadequate rise in the FVII level in 
early pregnancy. Consequently, prophylactic cover for
invasive procedures or incomplete miscarriage may 
be required, particularly in women with FVII levels 
<15–20 IU/dL. Although antepartum bleeding has been
reported in two woman with severe deficiency [47,
107], the available data (albeit limited) do not suggest
an increased risk of miscarriage or antepartum hemor-
rhage among women with FVII deficiency.

Factor X deficiency
Although FX deficiency is associated with a variable
bleeding tendency, patients with severe deficiency (FX
level <1 IU/dL) tend to be the most seriously affected
patients with rare coagulation defects [109]. Patients
with moderate FX deficiency (FX level 1–5 IU/dL)
may bleed only after hemostatic challenge, whereas
mildly affected patients (FX level 6–10 IU/dL) may be
asymptomatic and may only be identified incidentally
during routine screening or family studies [50, 109]. A
factor X level of 10–20 IU/dL is generally considered
to be sufficient for hemostasis [50, 110].

In a review, 14 pregnancies in nine women with 
FX deficiency were identified in the literature 
[111]. Pregnancy-related complications such as ante-
partum bleeding, retroplacental hematoma [42],
preterm delivery [112], and postpartum hemorrhage
[113] were reported among these women. Kumar and
Mehta [112] described four pregnancies in a woman
with severe FX deficiency. The first two pregnancies
resulted in the birth of extremely premature babies at
21 and 25 weeks’ gestation following preterm labor
and both died in the neonatal period. The mother was
treated early in pregnancy with regular FX replace-
ment in her subsequent pregnancies and she delivered
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healthy babies at 34 and 32 weeks’ gestation. The
authors suggested that the prophylactic factor replace-
ment had led to improved pregnancy outcome. 
However, several other case reports have described 
successful term pregnancies in women with severe FX
deficiency without antenatal prophylaxis [43, 114,
115]. Nonetheless, these women should be monitored
closely for any abnormal bleeding, retroplacental
hematoma or premature labor. Replacement therapy
should be considered if bleeding occurs or if the
patient is undergoing invasive procedures. Women with
severe deficiency and a history of adverse pregnancy
outcome may benefit from prophylactic replacement
therapy during pregnancy [50].

FXI deficiency
FXI deficiency is an autosomally inherited condition.
It is particularly common in Ashkenazi Jews with a
heterozygote frequency as high as 8% [116]. It has
been described in all racial groups, but, in general, 
the incidence of severe deficiency is very low with an
estimated at 1:1 million [117]. Factor XI levels are
severely reduced (<15–20 IU/dL) in homozygotes or
compound heterozygotes and partially deficient (20–
70 IU/dL) in heterozygotes [118–120]. The condition
is associated with a variable bleeding tendency and
bleeding can occur in homozygous as well as heterozy-
gous individuals. Spontaneous bleeding is rare but
hemorrhage can occur at sites prone to fibrinolysis
following injury or surgery and women with partial as
well as severe deficiency are at risk of excessive uterine
bleeding [120, 121]. The bleeding tendency can be
inconsistent within an individual and the family. It is
also not clearly related to factor levels [119, 121, 122]
or the genotype responsible for the condition [123].
This unpredictable nature of factor XI deficiency
makes management for pregnancy and delivery diffi-
cult; therefore, attempts should be made to identify
whether the patient has a clinical bleeding tendency
and whether other factors are involved, such as coexist-
ence of VWD and platelet malfunction [124].

Two retrospective case series in the UK including 
44 women with FXI deficiency showed that FXI
deficiency does not appear to be associated with an
increased risk of miscarriage [23, 49]. Severe placental
abruption requiring emergency cesarean section was
reported in one pregnancy [23]. Both series reported
excessive bleeding following miscarriage or termina-
tion of pregnancy [23, 49].

In general, women with FXI deficiency who are
probable “non-bleeders” undergoing any invasive pro-
cedure or presenting with a miscarriage can be man-
aged expectantly with treatment available on standby
should bleeding occur. However, in women with a
significant bleeding history or a severe deficiency pro-
phylaxis with FXI concentrate or tranexamic acid
should be considered. The need for therapy in partially
deficient women is guided by the patient’s bleed-
ing history, especially in relation to any hemostatic
challenges and the nature of the procedure. Manage-
ment should be individualized and the risks of bleeding
balanced against the risks and benefits of treatment.

Combined factor V and factor VIII deficiency
Patients with this rare bleeding disorder have con-
comitantly low but detectable levels of coagulant
activity and antigen of both factors, which are usually
between 5 and 20 IU/dL [108]. Since there are no pub-
lished data on the management of pregnant women
with this combined deficiency, the obstetric experi-
ence of women with FV deficiency and carriers of
hemophilia could probably serve as a useful guide. 
FV levels in pregnancy do not consistently increase 
or decrease, whereas FVIII levels rise throughout the
pregnancy. Therefore, any possible bleeding, especi-
ally at term/during labor and delivery, is likely to be
dependent on the FV level. However, it is recom-
mended to monitor both levels antenatally and to
maintain FV levels >15–20 U/dL and FVIII levels
>50 IU/dL for any invasive procedures [50].

Inherited deficiency of the vitamin K-dependent
clotting factors
This disorder has been reported as single case reports
in fewer than 20 kindreds worldwide [50]. Plasma
defects include low levels of FII, FVII, FIX, and FX
ranging from less than 1 to 30 IU/dL [108]. There 
is one report of a pregnancy in a woman with severe
vitamin K-dependent clotting factor deficiency
(VKCFD) [125]. Her baseline FII, FVII, FIX, and FX
activities were <3 IU/dL. She had been maintained 
on vitamin K since diagnosis and throughout the 
pregnancy (15 mg per day orally). The course of her
pregnancy was uneventful, but excessive bleeding
occurred from the episiotomy site, requiring treatment
with fresh-frozen plasma (FFP). These limited data
suggest the need to watch for potential bleeding com-
plications. Vitamin K should be continued throughout
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the pregnancy. Replacement therapy should be con-
sidered to cover any invasive procedures.

Intrapartum and 
postpartum management

General principles for the management of labor and
delivery (Table 10.2)

Labor and delivery are critical times for women with
inherited bleeding disorders and their affected new-
borns as they may be exposed to various hemostatic
challenges. Delivery at a tertiary obstetric unit with 
an on-site hemophilia center is not required for all
women with inherited bleeding disorders. However,
close liaison with the hemophilia center/hematologists
throughout the pregnancy is essential and the arrange-
ment for delivery should be made in advance. It is 
recommended that women with a severe deficiency 
or carrying an affected/potentially affected fetus
deliver at a unit where the necessary expertise in the
management of bleeding disorders and resources for
laboratory testing and clotting factor treatments are
readily available [72].

Women with inherited bleeding disorders are at
increased risk of bleeding complications during and
after delivery, especially if their factor levels are sub-
normal. At the beginning of labor, maternal blood
samples should be taken for blood group and saved
for cross-matching, full blood count, and coagulation
screen. Assessment of factor levels may not be possible

during labor, thus planning for delivery can be done
on the basis of the third trimester levels. Preferably,
a management plan is devised during the antenatal
period and made available when the woman presents
in labor or for a planned delivery. In general, for
women with subnormal factor levels, intravenous
access should be established and prophylactic treat-
ment given to cover labor and delivery. The suggested
hemostatic levels required for labor and delivery in
women with inherited bleeding disorders are shown 
in Table 10.3. However, they can vary depending on 
the mode of delivery and the individual’s bleeding 
tendency.

When delivery in a tertiary center with an on-site
hemophilia center (at a long distance) is deemed neces-
sary, planned induction of labor may be considered to
ensure timely arrival of the mother. However, sponta-
neous labor should be allowed where possible and
special consideration should be given when labor is to
be induced. Induced labor is likely to be prolonged
and associated with the need for instrumental delivery
or emergency cesarean section, particularly in primi-
gravida women with unfavorable cervix at the start 
of induction [126]. In these cases, a multidisciplinary
team of obstetrician, hematologist, anesthetist, and
neonatologist along with the mother should perform 
a careful risk assessment. In some circumstances, an
elective cesarean section could be considered less 
traumatic to both the mother and her affected child,
although intuitively this carries a greater bleeding risk
than a normal spontaneous vaginal delivery.
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Table 10.2 General principles in the management of labor and delivery in women with inherited bleeding disorders

• Multidisciplinary approach
• Group and save, full blood count and coagulation screen at the onset of labor. Relevant clotting factor assay for those with
low third trimester levels who require treatment
• Prophylactic treatment is recommended when the relevant factor level is below the hemostatic level suggested in Table 10.3.
The hemostatic level should be maintained for at least 3 days after vaginal delivery and at least 5 days after cesarean section
• Regional analgesia/anesthesia should only be considered after careful risk assessment and if the factor level and coagulation
screen are normal
• Avoid invasive intrapartum fetal monitoring techniques, prolonged labor and traumatic instrumental deliveries if the fetus is
at risk
• Active management of third stage
• Obtain cord blood sample for assessment of neonatal coagulation status in neonates at risk of moderate to severe inherited
bleeding disorder
• Avoid intramuscular injection in neonates at risk until the coagulation status is known – give oral vitamin K and
immunization through intradermal or subcutaneous route
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Invasive intrapartum monitoring techniques such 
as fetal scalp electrodes and fetal blood sampling
should be avoided in pregnancies where the fetus is at
risk of a bleeding disorder because of the potential risk
of scalp hemorrhage. There are several case reports 
of this complication following fetal blood sampling 
in newborns with coagulopathy [127–129]. Affected
fetuses are at risk of serious head bleeding, including
cephalohematoma and intracranial hemorrhage, from
the process of birth. The safest method of delivery 
for fetuses at risk is controversial. The available data
involve newborns with severe or moderate hemophilia
[130, 131], which is the commonest severe inherited
bleeding disorder. In a survey of obstetricians in the
USA, 57% would “frequently” deliver a known car-
rier of hemophilia by the vaginal route, whereas 11%
preferred cesarean section; 85% and 74% responded
that they would rarely use vacuum extraction and 
forceps delivery, respectively [131]. Ljung et al.
[130] reviewed 117 children with moderate to severe
hemophilia born in Sweden between 1970 and 1990
and found 23 neonatal bleedings associated with
delivery. The risk of hemorrhage (all sites) was 10%
(9/87) with vaginal delivery, 64% (11/17) with vacuum
extraction, and 23% (3/13) with cesarean section. The

risk of head bleeding specifically was 3% (3/87) with
vaginal delivery, 64% (11/17) with vacuum extrac-
tion, and 15% (2/13) with cesarean section. There
have also been reports of head bleeding after elective
cesarean section in neonates with severe bleeding dis-
orders [24, 132]. These data, albeit relatively small in
sample size, indicate that the risk of serious bleeding
during normal vaginal delivery is probably small and
that delivery of all fetuses at risk of hemophilia by
cesarean section is not expected to eliminate this risk
[130]. Therefore, normal vaginal delivery is generally
not contraindicated in pregnancies at risk of inherited
bleeding disorders. On the other hand, the use of 
vacuum extraction or forceps, and prolonged labor
especially prolonged second stage of labor, should be
avoided since they are associated with an increased
risk of head bleeding [21, 130].

In a UK study, cephalohematoma was reported in
two neonates affected with hemophilia [21]. The first
neonate developed a large cephalohematoma after a
ventouse delivery requiring blood transfusion. The
second neonate was delivered by cesarean section after
a 2 hour second stage. In principle, delivery should 
be achieved by the least traumatic method and early
recourse to cesarean section should be considered to
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Inherited bleeding Clotting factor Hemostatic Comments
disorder (activity) levels suggested

(IU/dL)*

VWD VWF 50
Carrier of hemophilia A FVIII 50
Carrier of hemophilia B FIX 50
Fibrinogen deficiency Fibrinogen 1.0–1.5† To maintain >1.0 g/L 

during pregnancy
FII deficiency FII 20–30 
FV deficiency FV 15–25
FVII deficiency FVII 10–20
FX deficiency FX 10–20
FXI deficiency FXI 20–70
FXIII deficiency FXIII 20–30 To maintain >3 IU/dL 

during pregnancy

VWD, von Willebrand disease; VWF, von Willebrand factor; F, factor.
*For general guidance only, personal and family bleeding history must be taken
into considerations when deciding the need for prophylaxis. Please refer to text.
†g/L.

Table 10.3 Suggested hemostatic
levels for invasive procedures during
pregnancy and for delivery
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minimize the risk of neonatal bleeding complications.
Low forceps delivery may be considered less traumatic
than cesarean section when the head is deeply engaged
in the pelvis and an easy outlet delivery is anticipated.
Care should also be taken in minimizing maternal gen-
ital and perineal trauma in order to reduce the risk of
excessive bleeding at delivery [23, 70, 125].

A cord blood sample should be collected from
neonates at risk of moderate or severe inherited bleed-
ing disorders to assess the coagulation status and 
clotting factor levels. This enables early identification
and management of newborns at risk of hemorrhagic
complications. If delivery has been traumatic or if
there are clinical signs suggestive of head bleeding, a
cranial ultrasound should be performed. It is also
advisable to consider prophylactic cover in these cases
[72]. Intramuscular injections should be avoided in
neonates at risk until the coagulation status is known.
Vitamin K should be given orally and routine im-
munizations given intradermally or subcutaneously.
Any surgical procedures (e.g., circumcision) should be
delayed until the coagulation status of the neonate is
known. When assessing the neonatal clotting factor
levels, it should be appreciated that these correlate
with gestational age and reach adult levels at 6 months
of age. Furthermore, the vitamin K-dependent coagu-
lation factors are low at delivery. It is therefore not
reliable to diagnose mild forms of inherited bleeding
disorders at birth. Further details on the management
of newborns with inherited bleeding disorders can be
found in Chapter 12.

General principles for postpartum management

Postpartum hemorrhage (PPH) is a major cause of
maternal morbidity and mortality. It accounts for an
estimated 140 000 maternal deaths each year world-
wide and many suffer from the long-lasting and 
debilitating consequences of the resultant anemia
[133]. It is generally classified as primary or secondary
PPH. Primary PPH is traditionally defined as a blood
loss of more than 500 mL (or 1000 mL for severe
PPH) in the first 24 hours after delivery, whereas 
secondary PPH refers to excessive bleeding occurring
between 24 hours and 6 weeks after delivery. They
affect approximately 5–8% and 0.8 % of pregnancies,
respectively [134, 135]. However, the incidence of
PPH varies widely, with much higher rates occurring
in developing countries and rural settings. Further-

more, the estimation of blood loss following delivery
is difficult and commonly underestimated. Although
the majority (90%) of the cases are attributed to 
uterine atony, coagulation disorders are a recognized
cause of PPH.

Women with inherited bleeding disorders are at
increased risk of both primary and secondary PPH
[17]. In most women with inherited bleeding disorders
the risk of PPH is often related to the factor levels. 
For this reason, prophylactic replacement therapy is
generally given to cover labor, delivery, and the im-
mediate postpartum period (at least 3 days for vaginal
delivery and 5 days for cesarean section) in women
with subnormal factor levels [72]. Table 10.3 shows
the suggested hemostatic levels required for delivery 
in women with inherited bleeding disorders. As the
pregnancy-induced rise in clotting factors can reverse
rapidly after delivery [20], the use of oral tranexamic
acid for 3–4 days after vaginal delivery or 7–10 days
following cesarean section has been suggested for the
prevention of secondary PPH, even among those with
normal factor levels at term [72]. Women with inher-
ited bleeding disorders may be at risk for secondary
PPH for several weeks postpartum. Combined oral
contraceptive pills, if not contraindicated, are also an
option for preventing excessive bleeding in the late
postpartum period.

Active management of the third stage of labor is
associated with a significant reduction in blood loss
and the need for blood transfusion compared with
expectant management [136], and therefore is recom-
mended in women with inherited bleeding disorders. It
entails the administration of prophylactic uterotonics,
early cord clamping, and controlled cord traction 
of the umbilical cord. In the event of an operative
delivery, meticulous surgical hemostasis should be
practiced to minimize blood loss. Care must also 
be taken to minimize maternal genital and perineal
trauma, as women with inherited bleeding disorders
are at particular risk of developing perineal hematoma
[22, 23, 70].

Misoprostol, a new and inexpensive prostaglandin
E1 analog that can be given orally, sublingually, or
rectally, appears to be a promising uterotonic for the
prevention of PPH [137]. Its administration can be
associated with side-effects, including vomiting, diar-
rhea, fever, and shivering. A recent pharmacokinetics
study has found lower peak levels but a reduction 
in adverse effects with rectal compared with the 
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oral route [138, 139]. In our unit, we recommend the
use of misoprostol (600 μg rectally) in adjunct to
active management of the third stage in women with
inherited bleeding disorders. However, further studies
are needed to determine its efficacy and safety in the
prevention of PPH in high-risk women and to estab-
lish the optimal dose and route of administration.

It is important not to overlook the obstetric risk 
factors (Table 10.4) and other causes (Table 10.5)
of PPH in women with inherited bleeding disorders. 
In case of hemorrhage, after initial assessment and
restoration of circulatory volume, local causes should
be excluded and replacement of the deficient clotting
factor with monitoring of the factor levels should be

performed. Management of PPH in these women pre-
sents a particular challenge, and close collaboration
between hematologists, obstetricians, and anesthetists
is imperative.

Specific issues for each inherited bleeding disorder

Carriers of hemophilia
Knowledge of fetal sex is very useful for the manage-
ment of labor in carriers of hemophilia. If the fetus is
identified as male, there is a 50% chance of it being
affected. If specific prenatal diagnosis has not been
performed, it is important to treat the pregnancy as
potentially affected and avoid invasive intrapartum
monitoring and instrumental deliveries. If the fetus is
identified as female, there is a 50% chance of being 
a carrier like her mother. There are no specific data on
the bleeding risks of newborns who are carriers of
hemophilia, but they are usually not expected to be 
at increased risk of bleeding complications. Further-
more, recent data suggest that the process of labor
is associated with a significant increase in neonatal
factor levels [140]. However, some carriers could have
significantly low factor levels due to extreme lyoniza-
tion [141] and thus be at increased risk of bleeding
complications. Therefore, invasive techniques that carry
a high risk of head bleeding such as vacuum extraction
should preferably be avoided in these cases.

Prophylactic cover for labor and delivery is not 
normally required in carriers of hemophilia A as their
FVIII levels usually normalize at term. However, 
the individual’s hemostatic response to pregnancy can
be variable and a significant proportion, particularly
those with a severe deficiency, may still have a low
factor level (<50 IU/dL) at term [21, 22, 55]. Since FIX
levels do not increase significantly during pregnancy,
hemostatic support is commonly used for labor and
delivery in carriers of hemophilia B.

In a review of 46 pregnancies in 32 carriers of
hemophilia, the incidence of primary and secondary
PPH were reported as 22% (10/46) and 11% (5/46),
respectively, which are significantly higher than that
observed in the general obstetric population [21]. 
A case–control study also found a significantly higher
incidence of prolonged bleeding after delivery among
carriers of hemophilia A or B (22%) compared with
the controls (6%) [142]. In a further study of five car-
riers of hemophilia B (FIX activity levels <20 IU/dL),
four experienced PPH in six of 16 deliveries; PPH was
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Table 10.4 Obstetric risk factors for postpartum
hemorrhage (PPH)*

History of PPH
Previous cesarean section
Obesity
Pre-eclampsia
Placenta previa
Placental abruption
Fibroids
Multiple pregnancies
Macrosomia
Polyhydramnios
Chorioamnionitis
Induced or augmented labor
Prolonged labor
Retained placenta
Operative delivery

*Not exclusive; data from Stones et al. [195] and 
Sheiner et al. [196].

Table 10.5 Causes of postpartum hemorrhage (PPH)

Primary PPH
Uterine atony
Retained placenta
Genital tract laceration/trauma
Coagulation disorders
Secondary PPH
Retained products of conception
Infection
Coagulation disorders
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found to be significantly more common among those
receiving ≤3 days of FIX replacement [143]. It appears
that FVIII or FIX activity has a significant influence on
the risk of bleeding among carriers of hemophilia with
most of the significant PPH occurring in those with
baseline factor levels below 50 IU/dL [21, 142].

Therefore, replacement therapy to cover labor and
delivery is recommended in those with factor levels
below 50 IU/dL at term or in the third trimester. If
treatment is required, it should start at the onset of
labor with the aim of raising the factor level above 
50 IU/dL. This level should be maintained for at least
3 days after vaginal delivery and at least 5 days after
cesarean section [144]. Recombinant products are
regarded as the treatment of choice [145]. Desmo-
pressin can also be used in carriers of hemophilia A, but
carriers of hemophilia B do not respond to this agent.
Since the pregnancy-induced rise in clotting factors
(including FVIII but not FIX) falls after delivery, 
carriers of hemophilia are also at risk of prolonged or
intermittent secondary PPH. They should be advised
of this potential complication and in cases of heavy
lochia, tranexamic acid could be used to reduce blood
loss.

von Willebrand disease
Women with VWD are similarly at increased risk of
both primary and secondary PPH. In three case series,
including 92 deliveries in 51 women with VWD, 
primary PPH complicated 16–29% of pregnancies
whereas secondary PPH complicated 20–29% of preg-
nancies [18, 22, 23]. In a case–control study, excessive
postpartum bleeding was reported in 59% (51/86) 
of women with VWD compared with 21% (15/76) of
the controls [61]. In another case–control study of 81
women with type 1 VWD, PPH was reported in 31%
of these women compared with 10% of the control
group; and 17% of women with VWD received blood
transfusion compared with 3% of the controls [146].

In a recent large case–control study from the 
USA including 4067 deliveries in women with VWD,
affected women were more likely to experience PPH
(OR 1.5; 95% CI 1.1–2.0) and had a fivefold
increased risk of being transfused (OR 4.7; 95% CI
3.2–7.0) compared with women without VWD [70].
These women were also at risk of perineal hematoma
[22, 23, 70]. Consequently, extra care should be taken
to minimize maternal genital and perineal trauma in
these women.

The risk of PPH could be relatively higher in women
with types 2 and 3 VWD since the majority are likely
to have a persistent hemostatic defect at term. In a
study of Iranian patients with type 3 VWD, 15 of 100
women who had delivered at least one child experi-
enced PPH [66]. Prophylactic treatments were gener-
ally given at delivery. This could explain a lower than
expected rate of PPH in the study; however, PPH
occurred when the treatment was suboptimal in
dosage or was given for too short a time period (for 
1 day instead of 3–4 days) [66].

Owing to the wide variation in hemostatic response
to pregnancy in women with different types of VWD,
it is important to assess VWF and FVIII levels in 
the third trimester to plan appropriate intrapartum
and postpartum prophylactic cover. In principle, pro-
phylactic cover with either desmopressin, if respon-
sive, or VWF-containing concentrates is recommended
to maintain VWF:AC and/or FVIII:C levels >50 IU/dL
during labor and for at least 3 days after vaginal 
delivery or 5 days if following cesarean section [72].
Prophylactic cover is usually not required in women
with type 1 VWD since their FVIII and VWF levels
would normally have risen to above 50 IU/dL at term.
However, treatment is generally necessary in women
with type 3 VWD and in some women with type 2
VWD, particularly if the delivery is by cesarean 
section or if there is perineal trauma [72].

Pregnancy-induced rises in clotting factors reverse
after delivery. The fall in factor levels is variable and
can be rapid [18, 20]. There are anecdotal reports of a
decrease from 41 to 9 IU/dL over the course of a week
[18] and a fall by half in just 6 hours after delivery in
another case [20]. The use of prophylactic treatment
at delivery may prevent primary PPH, but the risk of
secondary PPH may persist for a number of weeks
after delivery [27, 28, 65, 147]. The average time of
presentation of PPH in women with VWD had been
found to be 15.7 ± 5.2 days [148]. This implies the
potential need for prophylaxis and/or close observa-
tion for up to several weeks postpartum. Tranexamic
acid or combined oral contraceptive pills, if not con-
traindicated, can be used to control this bleeding 
complication, although replacement therapy may be
required in some cases.

Rare bleeding disorders
The general principles of the management of labor and
delivery in women with rare bleeding disorders are
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similar to those for pregnancies at risk of hemophilia.
Owing to limited information available in the litera-
ture, recommendations are generally made based on
evidence derived from case studies or opinions and
experiences of respected authorities [50]. In view of
the unpredictable nature of labor and the possibility 
of requiring an emergency cesarean section, it may 
be reasonable to maintain hemostatic levels during
labor and delivery equivalent to that recommended
for major surgery. The inheritance of the rare bleed-
ing disorders is usually autosomal recessive, with the
exception of some of the fibrinogen disorders. In fam-
ilies where both parents are either affected or carriers
of a rare inherited bleeding disorder, the fetus could
potentially be severely affected with the disorder. In
these circumstances labor and delivery is managed
similarly to carriers of hemophilia with an affected
male fetus.

Women with rare bleeding disorders are also at 
risk of both primary and secondary PPH. In general, 
if replacement therapy is instituted for intrapartum
cover, considerations should be made to maintain the
hemostatic level for at least 3–5 days after vaginal
delivery or 5–7 days following cesarean section,
depending on the severity of the coagulation defect
and the bleeding history. The use of oral tranexamic
acid for 3–4 days after vaginal delivery or 7–10 days
following cesarean section can also be considered in
some cases. However, the potential for thrombosis
associated with replacement therapy must be carefully
evaluated and balanced against the risk of bleeding
given the risk of thrombosis as already noted with
some of these disorders.

Inherited fibrinogen abnormalities Afibrinogenemia
is an autosomal recessive disorder; therefore, if the
father is unaffected, the infant at most is heterozygous,
in whom atypical hemorrhage is not normally expected
[51]. In contrast, hypofibrinogenemia can be inherited
as either a dominant or a recessive trait [149] and
dysfibrinogenemia is usually transmitted as an auto-
somal dominant trait. Consequently, it is important to
regard the neonate as potentially affected in these
cases and avoid invasive monitoring procedures and
instrumental deliveries especially if the family pheno-
type is of bleeding.

Regular fibrinogen infusions are recommended in
women with afibrinogenemia from early pregnancy to
prevent fetal loss. For labor and delivery, a minimum

fibrinogen level of 1.5 g/L and, if possible, >2.0 g/L
has been suggested for the prevention of placental
abruption and PPH [51]. The intrapartum manage-
ment of women with hypofibrinogenemia is depen-
dent on the bleeding tendency, previous obstetric
history, and fibrinogen level. Replacement therapy
may be required if the fibrinogen level is below 1 g/L
and/or if the woman has a significant bleeding history
[50].

Similarly, in women with dysfibrinogenemia, intra-
partum management is dependent on the fibrinogen
level as well as the personal and family history of
bleeding and thrombosis. No specific treatment other
than close observation is required in asymptomatic
women unless bleeding occurs or the family history
suggests a high risk of bleeding [50]. In women with a
bleeding phenotype, the management options depend
on the severity of the personal and family bleeding his-
tory. In women with very mild bleeding phenotype,
vaginal delivery can be managed conservatively and
treatment is only given if bleeding occurs. However, if
the bleeding history is significant or if the woman is
undergoing cesarean section, prophylactic treatment
is recommended to raise the fibrinogen level >1 g/L
and maintain the level at >0.5–1 g/L until wound heal-
ing has occurred [50].

Women with inherited abnormalities of fibrinogen
are at increased risk of PPH. In a literature review
(1960–89) on congenital hypofibrinogenemia includ-
ing 15 women who had a total of 31 pregnancies
excluding miscarriages, PPH was the most common
obstetric complication occurring in 45% of the preg-
nancies [85]. Blood transfusion was required in all
cases and hysterectomy in two. One patient presented
with secondary PPH 1 week after delivery [150].

However, paradoxical thrombotic events have 
also been reported among patients with hypofibrino-
genemia [96] or afibrinogenemia [82, 92, 95] and 
particularly in women with dysfibrinogenemia [50,
98]. Therefore, a very careful risk assessment of both
bleeding and thrombosis is required for women with
abnormalities of fibrinogenemia. In asymptomatic
women, fibrinogen replacement therapy is only given
if bleeding occurs, whereas prophylactic substitution
therapy during the immediate postpartum period is
considered for those with a significant bleeding tend-
ency. On the other hand, postpartum prophylactic
LMWH with compression stockings is recommended
for those with a personal or family history of thrombosis
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or following cesarean section, especially if performed
under hemostatic replacement cover [50]. Tranexamic
acid should be avoided in women with a personal or
family history of thrombosis.

Factor II (prothrombin) deficiency Only a small num-
ber of reports are available in the literature on women
with FII deficiency. Catanzarite et al. [104] described a
woman with severe hypoprothrombinemia (FII activ-
ity <1 IU/dL) who experienced secondary PPH in 
one of her four term pregnancies, but no case of PPH
was reported in an Iranian series including 14 patients
(gender split not specified) [102]. Nevertheless, women
with prothrombin deficiency, particularly those with
abnormal prothrombin activity levels, should be con-
sidered potentially at risk of PPH. Although there are
currently very limited published data available on
which to base management recommendations, a pro-
thrombin level of >25 IU/dL during labor and delivery
has been suggested to minimize bleeding complica-
tions [50]. Since there are no specific prothrombin
concentrates available, prothrombin complex concen-
trates are the treatment of choice [145].

FV deficiency In women with heterozygous (partial)
deficiency and no history of bleeding, labor and deliv-
ery could be managed expectantly [50]. A case series 
of 15 deliveries among 11 heterozygous women with
FV levels of ~50 IU/dL were not accompanied by 
any bleeding complications. However, women with
homozygous (severe) FV deficiency are at increased
risk of bleeding complications [105], and substitution
therapy with FFP (as no FV concentrate is available) is
recommended to raise FV levels to above 15–25 IU/dL
[50, 105]. Close monitoring of FV levels is also recom-
mended to ensure that the required hemostatic level
has been achieved and further doses may be necessary
to maintain these levels during and after delivery.

In a series of 35 Iranian patients (including 10
females) with FV deficiency, postoperative and post-
partum bleeding were reported in 43% (15/35) of the
patients [151]. A review of 17 deliveries among nine
women with FV deficiency found PPH in 13 (76%) 
of the 17 deliveries [106]. There were two forceps
deliveries both complicated with vaginal hematoma
[106, 152]. Women with FV deficiency appear to be at
increased risk of PPH; therefore, substitution therapy
may be required in the postpartum period to main-
tain FV levels >15 IU/dL [50]. If cesarean section is

performed, it is recommended that FV levels are 
maintained above this level until wound healing is
established [50].

Factor VII deficiency The management of affected
patients is complicated by the variable bleeding tend-
ency and the poor correlation between FVII level and
the bleeding risk [102, 153]. Women with FVII defici-
ency are at risk of PPH, particularly those with a
severe deficiency or a bleeding tendency. A review of
12 published case reports of FVII deficiency in preg-
nancy found four were complicated by PPH [44]. In a
UK series of 14 pregnancies in seven women with
mild/moderate FVII deficiency, there were eight full-
term deliveries prior to the  diagnosis of FVII deficiency
and none was associated with bleeding complications.
In mild/moderate forms of FVII, there may be a signi-
ficant rise in FVII level at term and therefore replace-
ment therapy may not be required for labor and 
delivery [48]. However, this decision should be indi-
vidualized and must take into account the mother’s
bleeding tendency, FVII level in the third trimester and
the mode of delivery.

Despite case reports of uncomplicated deliveries in
women with severe FVII deficiency without replace-
ment therapy [44, 46], prophylactic cover for labor
and delivery is generally recommended in women with
severe deficiency (FVII level of <10–20 IU/dL at term
and/or significant bleeding history), particularly if a
cesarean section is performed [44, 47, 107, 154]. Current
therapeutic options include recombinant factor VIIa
(rVIIa), plasma-derived FVII concentrates, plasma,
prothrombin complex concentrates (provided an ade-
quate amount of FVII is present), and antifibrinolytics.
However, rVIIa is the treatment of choice [145]. The
use of tranexamic acid can also be considered to prevent
or control heavy postpartum bleeding in these women.

Factor X deficiency Since FX levels do not increase
significantly during pregnancy in women with severe
deficiency [42, 43], replacement therapy is required to
cover labor and delivery in these women to minimize
the risk of bleeding complications. It is also recom-
mended in women with FX deficiency who have a
bleeding tendency or a history of adverse outcome 
in pregnancy [50]. A conservative approach could be
adopted in women with mild FX deficiency (FX 
level >10 IU/dL) and no significant bleeding history. 
However, the decision for prophylaxis should be 
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individualized, taking into account any bleeding his-
tory in relation to previous hemostatic challenges and
the mode of delivery [50]. Treatment options include
prothrombin complex concentrates or FFP, preferably
prothrombin complex concentrates when available
because of a lower volume and higher concentration
of FX.

The mode of delivery for pregnancy at risk of
homozygous severe FX deficiency has been debated.
An elective cesarean section has been recommended
because of the risk of cranial and/or abdominal hem-
orrhage in the newborn as a consequence of vaginal
delivery [115]. However, there have been case reports
of successful neonatal outcomes following normal
vaginal deliveries [42, 43]. Furthermore, cesarean sec-
tion may not completely eliminate the risk of serious
bleeding in these neonates and a case of antenatal sub-
dural hemorrhage in a fetus, subsequently found to 
be homozygous for factor X deficiency, has been
reported [155]. With limited data in the literature,
elective cesarean section cannot be recommended for
all women with FX deficiency and the decision for the
mode of delivery needs to be individualized.

PPH has been described in a woman with abnormal
FX (FX Friuli variant) [113]. Both her deliveries 
were complicated with severe PPH requiring several
blood transfusions and a hysterectomy in the second 
delivery. However, no PPH was reported among five
other case reports of severe FX deficiency in the liter-
ature [42, 43, 114, 115, 156]. This could be explained
by the use of peripartum prophylactic cover in these
cases. Women with severe FX deficiency or a positive
bleeding history are likely to be at increased risk of
PPH, thus replacement therapy should be considered
for the immediate postpartum period as well as during
labor and delivery.

Factor XI deficiency Changes in FXI levels during
pregnancy in women with FXI deficiency have been
shown to be inconsistent [23, 49] and, in general, no
significant rise is observed. Consequently, many will
continue to have a subnormal (<70 IU/dL) factor level
at term and thus are at risk of excessive bleeding 
during delivery. In a UK case series including 25 preg-
nancies in 11 women with FXI deficiency, primary
PPH was reported in 16% of the pregnancies and none
received prophylactic treatment [23]. In contrast,
there was no bleeding complication in five pregnancies
where replacement therapy with FXI concentrates or

FFP were given to cover labor and delivery. In another
retrospective review of a total of 105 pregnancies in
33 women with FXI deficiency, the incidence of PPH
was 13% (eight primary and one secondary) and all
but one episode occurred in women with a bleeding
tendency [49]. A study of 164 pregnancies in 62
women with severe FXI deficiency (FXI levels <17
IU/dL) in Israel showed 69% (43) of the women 
never experienced postpartum hemorrhage during 93 
deliveries (85 vaginal delivery, eight cesarean sections)
without any prophylactic cover [123]. The authors
argued that prophylactic treatment is not mandatory
even for women with severe FXI deficiency, especially
for vaginal deliveries [123]. However, excessive bleed-
ing at delivery did occur in 24% (32/132) of vaginal
deliveries and 17% (2/12) of cesarean sections not
covered by FFP, whereas all six cesarean sections 
carried out under prophylactic cover were uncom-
plicated. In this study, the occurrence of excessive
bleeding at delivery did not correlate to the abnormal
genotype or FXI level [123].

Owing to the unpredictable bleeding tendency in
FXI deficiency, the decision for prophylaxis during
labor and delivery needs to be individualized and must
take into consideration not only the FXI levels but also
the personal/family bleeding history and the mode 
of delivery. Treatment options include tranexamic
acid (for milder forms), FXI concentrates, FFP (if FXI
concentrates unavailable), and rVIIa. If FFP is used,
solvent detergent-treated plasma if available is prefer-
able in terms of reducing the risk of infectious disease
transmission. The general recommendation at present
is that vaginal delivery can be managed expectantly 
in women with FXI levels between about 15 and 
70 IU/dL and no bleeding history despite hemostatic
challenge [50]. For those with FXI levels between 15
and 70 IU/dL and a significant bleeding history or 
no previous hemostatic challenge, tranexamic acid 
can be used to provide peripartum cover starting at 
the onset of labor. FXI concentrates may be required
for a cesarean section in these women depending 
on the bleeding history. However, for women with
severe (FXI level <10–20 IU/dL) deficiency, replace-
ment therapy with FXI concentrate is recommended
for all modes of delivery. In view of the thrombotic
potential of factor XI concentrate [145, 157], the peak
level should aim to be 70 IU/dL. As for all blood pro-
ducts there are concerns about the risk of transfusion-
transmitted infections. Recombinant factor VIIa is 
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an alternative option that has been used to prevent
surgical bleeding in patients with FXI deficiency
[158–160]. Its short half-life makes it less suitable for
use to cover labor, but it could be used for manage-
ment of elective cesarean sections. Further studies are
needed to assess its use in this situation.

Women with FXI deficiency are also at increased
risk of secondary PPH. The incidence of secondary
PPH was 24% in a UK case series [23]. Consequently,
prophylactic treatment with tranexamic acid should
be considered for those with a bleeding phenotype.
When given, it should be extended for 3 days post-
partum or 5 days following cesarean section. How-
ever, the concomitant use of tranexamic acid and FXI
concentrates should be avoided because of the poten-
tial thrombogenicity of FXI concentrates [157, 161]
and attention should be given to simple thrombo-
prophylactic measures, including adequate hydration
and early mobilization. LMWH should be considered
in women receiving FXI concentrates, in particular if
they also have other thrombotic risks factor.

Factor XIII deficiency Since FXIII deficiency is
strongly associated with pregnancy loss, regular
replacement therapy to maintain FXIII levels >3 IU/dL
[50] and, if possible, >10 IU/dL [54] is recommended
during pregnancy. This treatment should also be con-
tinued during labor and delivery to minimize the risk
of bleeding complications. However, higher FXIII 
levels may be required for delivery [54]. An FXIII level
of >20 IU/dL and, if possible, >30 IU/dL during labor/
delivery has been suggested to minimize the risk of
bleeding complications [54].

Plasma-derived FXIII concentrates is the treatment
of choice. They are superior to FFP or cryoprecipitate
because they provide reliable and high concentrations
of FXIII in minimum volume, have fewer contamin-
ating substances, and are virally inactivated [162].
However, further studies are needed to establish the
optimal dose and interval of administration [54].

The incidence of PPH in women with FXIII defici-
ency is not known. PPH was not reported in most
cases of women with type II or FXIII subunit A
deficiency in the literature. This is most likely due to
the administration of FXIII concentrate throughout
the pregnancy and labor that is essential for a success-
ful pregnancy in these women [54]. The long circulating
half-life (7–13 days) of FXIII concentrates [163] may
also minimize the risk of secondary PPH. In a review

of case reports and series, women with types I and III
FXIII deficiency were found to conceive and deliver
normally without replacement therapy, but almost
uniformly experienced postpartum hemorrhage [52].
Therefore, the use of postpartum prophylaxis should
be considered in women with FXIII deficiency.

Combined factor deficiencies Women with subnormal
factor levels are likely to be at increased risk of bleed-
ing complications; hence replacement therapy may be
required to cover labor and delivery. In one case
report of a woman with VKCFD, profuse bleeding
from the episiotomy site requiring treatment with FFP
was reported [125]. As there are limited data on the
management of pregnancy in women with these rare
combined factor deficiencies (combined FV and FVIII
deficiency and VKCFD), their management is extra-
polated from the obstetric experience of women with a
single deficiency of the factors involved.

Hemostatic agents and pregnancy

Desmopressin

Desmopressin (1-desamino-8-D-arginine vasopressin)
is a synthetic analog of the natural hormone vaso-
pressin. It increases plasma levels of endogenous VWF
and FVIII. It is therefore a valuable therapeutic option
for the prevention and treatment of bleeding in carriers
of hemophilia A and most women with VWD (mainly
type 1). It can be administered intravenously, subcuta-
neously, or as a nasal spray. Intravenous administra-
tion (0.3 μg/kg over 20–30 minutes) is preferred for
treatment of acute bleeding episodes and before
surgery or invasive procedures [164].

Desmopressin increases plasma FVIII and VWF 
levels, on average, by two- to fivefold, with a peak 
at 60 minutes after the completion of intravenous
infusion and 90–120 minutes after subcutaneous or
intranasal application [71]. A trial of desmopressin,
preferably as part of the preconceptual assessment, 
is recommended to establish the individual response
and to predict clinical efficacy. When monitor-
ing responses, blood samples should be taken at 
1 hour after infusion to check the patient’s peak 
levels and at 4 hours to obtain information on the
clearance rate [164]. Further doses may be required
at 12 hour intervals to achieve hemostatic levels, but
the response should be monitored as there may be a
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diminished response to successive doses in some
patients [71].

There have been some concerns regarding the use of
desmopressin during pregnancy because of the poten-
tial risks of placental insufficiency due to arterial vaso-
constriction and of miscarriage or preterm labor 
due to an oxytoxic effect [165]. However, in con-
trast to naturally occurring vasopressin, desmopressin
has minimal vasoconstrictive and oxytocic effects,
which are consistent with its predominant V2 vaso-
pressin receptor activity, whereas uterine tissue com-
prises primarily V1 receptors [165]. Nevertheless,
there is a risk of maternal and/or neonatal hypona-
tremia due to the more potent and prolonged anti-
diuretic effect of desmopressin compared with that 
of the natural hormone vasopressin [165]. Maternal
hyponatremia has been reported in two pregnant
women receiving desmopressin, with one developing a
grand mal seizure [24]. Therefore, restriction of fluid
intake and care in maintaining fluid balance should
accompany the use of desmopressin to prevent fluid
overload and consequent hyponatremia. Prolonged
administration should be avoided in pregnancy and its
use in pregnancies complicated with pre-eclampsia is
not advisable [71, 72]. Other more common adverse
effects of desmopressin include tachycardia, headache,
and facial flushing, but they are generally mild.

The efficacy and safety of desmopressin for prophy-
laxis or treatment of pregnancy-associated bleeding
have not been well studied, but evidence of its safety
during pregnancy in women with diabetes insipidus
using smaller doses is available [166]. In a survey of
hematologists from the USA and Canada, 50% and
34% used intravenous and intranasal desmopressin,
respectively, for postpartum hemorrhage in women
with type 1 VWD and only 31% considered preg-
nancy as a contraindication [167]. In a series of 27 
carriers of hemophilia A and five women with type 
1 VWD, desmopressin was given successfully to 
cover invasive prenatal diagnostic procedures [57]. All
women had FVIII levels <50 IU/dL and on average
there was a threefold increase in FVIII levels 1 hour
after the infusion. No abnormal bleeding occurred
and there were no serious side-effects from desmo-
pressin other than mild facial flushing and headache.
There are other case reports on the effective use of
desmopressin among women with type 1 VWD in pro-
viding hemostatic cover or treatment during labor/
delivery [18, 26, 29] and in the immediate postpartum

period [26, 28, 29]. In a retrospective case series
including 54 women with VWF <50 IU/dL and a
bleeding tendency, desmopressin was given during the
first trimester in five pregnancies among three women
because of vaginal bleeding or insertion of cervical cer-
clage [168]. It was also administered, as a single dose
in intravenous infusion, in 75 deliveries (30 vaginal
deliveries and 45 cesarean sections) either at the 
onset of labor or prior to regional block or general
anesthesia. No adverse effects were observed in the
mothers or newborns [168] In general, desmopressin
is not contraindicated in uncomplicated pregnancy,
but it should be used with caution and ideally given
after clamping the umbilical cord to avoid the poten-
tial risk of neonatal hyponatremia [71]. Desmopressin
does not pass into breast milk in significant amounts
and therefore is probably safe to the newborn when
used in breastfeeding women.

Desmopressin is often effective in patients with 
type 1 VWD since they have a functionally normal
VWF and a releasable store. In contrast, it is of no
therapeutic use in patients with type 3 VWD because
they lack releasable stores of VWF [169], although
there are rare exceptions [170]. In types 2A and 2M
VWD, it increases the levels of abnormal VWF, and
therefore is not effective in most cases [71]. It is gener-
ally contraindicated in type 2B VWD as the release of
the abnormal VWF may induce platelet aggregation
and thrombocytopenia [164, 171]. In type 2N VWD,
it increases FVIII levels, but because of abnormal 
FVIII binding, the half-life is shortened [172]. Owing
to the wide variations in response, it is important for
patients with VWD to have a trial of desmopressin 
to determine whether their response is adequate for
hemostasis.

Antifibrinolytic agents

Antifibrinolytic agents such as tranexamic acid and
epsilon-aminocaproic acid (EACA) are synthetic
fibrinolytic inhibitors that block the lysine binding sites
of the plasminogen and plasmin molecules, thereby
preventing the binding of plasminogen and plasmin to
the fibrin substrate [173, 174]. EACA is approxim-
ately seven- to 10-fold less potent than tranexamic
acid [175] but is used in the USA as tranexamic acid is
not approved by the US Food and Drug Administration.
EACA or tranexamic acid can be administered orally,
intravenously, or topically. Antifibrinolytic agents
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have been used for the prevention and treatment of
bleeding in patients with various bleeding disorders
[176–178]. Since these drugs inhibit fibrinolysis, they
carry a potential risk of thrombosis in patients with 
an underlying prothrombotic state. There have been
isolated case reports of cerebral thrombosis [179, 180]
and arterial thrombosis [181] in patients receiving
tranexamic acid. The hemostatic changes in preg-
nancy result in a hypercoagulable state. The risk of
thrombosis is greater in pregnant women than in non-
pregnant women of similar age [182–184]. Delivery
by cesarean section further increases the risk of 
thrombosis [185]. Consequently, pregnant women,
especially those delivered by cesarean section, consti-
tute a group at greater risk of the potential thrombotic
effect of antifibrinolytic treatment. For these reasons,
there have been concerns and reluctance in its use 
during pregnancy.

However, tranexamic acid has been used success-
fully to control or prevent bleeding in antepartum
hemorrhage, placental abruption, cesarean section,
and postpartum hemorrhage in the general obstetric
population without apparent maternal or fetal adverse
effects [174, 186–189]. In a retrospective review of
256 women treated with tranexamic acid for placental
abruption, placenta previa or unspecified antepartum
hemorrhage, including 169 women who underwent
cesarean section, no thrombogenic effect of tran-
examic acid was found [174]. In another 73 cases of 
placental abruption treated with tranexamic acid and
delivered by cesarean section, none was complic-
ated by thrombosis [187]. Similarly there were no
thrombotic complications in a Chinese study of 91
women who received tranexamic acid immediately
before a cesarean section to reduce perioperative
blood loss [188]. Tranexamic acid, alone or as an
adjunct to replacement therapy, has also been used
effectively in women with inherited bleeding dis-
orders, including carriers of hemophilia and women
with VWD or FXI deficiency, to control or prevent
excessive bleeding following delivery, miscarriage, or
termination of pregnancy [18, 23, 27, 55, 65].

Its use at a dose of 1 g for 6–8 hours starting at the
onset of labor and/or for 3–4 days following vaginal
delivery and 7–10 days following cesarean section can
be considered for the prevention of PPH in women
with inherited bleeding disorders. Although its safety
during pregnancy and lactation has not been estab-
lished, current data do not suggest an increased risk 

of thrombosis associated with its use in pregnancy
[174]. However, as previously noted, its concomitant
use with thrombogenic agents such as FXI concen-
trate should be avoided. It should also be avoided
in patients with a history of thromboembolic disease
[71]. No evidence of teratogenicity has been found in
animal studies [190]. A limited amount of tranexamic
acid may be present in breast milk, but an antifibrino-
lytic effect is unlikely [190]. Side-effects of tranexamic
acid include nausea, vomiting, and diarrhea, which
may improve with reduced dosage.

Clotting factor replacement

Currently available plasma-derived clotting factor
concentrates are treated with virucidal methods which
eliminate the risk of transmitting human immuno-
deficiency virus (HIV) and the hepatitis B and C
viruses [191]. However, they have the potential to
transmit hepatitis A, parvovirus B19 and any unknown
infection [192, 193]. Although parvovirus is not nor-
mally a serious infection in non-immunocompromised
adults, fetal infection may result in hydrops fetalis and
fetal death. It should be noted that solvent detergent
plasma, although effective in eliminating lipid-enveloped
viruses, does not protect the recipient from non-
lipid-enveloped viruses such as parvovirus. Therefore,
non-plasma-derived products or treatment options
(desmopressin, tranexamic acid, and recombinant
products), if available, are generally regarded as the
treatment of choice since they carry no or a negligible
risk of infection. Cryoprecipitate is not virally inactiv-
ated, hence should not be used during pregnancy
because of the small risk of transmission of viral or
other blood-borne infections, unless other treatment
modalities are not available or have failed [194].

Therapeutic options for women with inherited
bleeding disorders in pregnancy (Table 10.6)

Carriers of hemophilia
Recombinant FVIII and FIX are the treatments of
choice for carriers of hemophilia A and B, respect-
ively. Desmopressin can also be used in carriers of
hemophilia A as discussed earlier.

von Willebrand disease
The use of desmopressin should be considered in
women with an adequate response.
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Virally inactivated VWF-containing FVIII concen-
trate is the treatment of choice in women with VWD
unresponsive to desmopressin or in whom desmo-
pressin is contraindicated [71]. Platelet transfusions
may be required in type 2B VWD if the woman has
thrombocytopenia and is symptomatic and not re-
sponding to infusion therapy with VWF-containing
concentrate or she is undergoing surgery [40]. The use
of recombinant FVIII or FVIII concentrates to cover
labor in a woman with type 2N VWD and low FVIII
levels at term has also been described [32].

Rare bleeding disorders
Similar to the treatment of carriers of hemophilia
and women with VWD, the therapeutic options for
women with rare inherited bleeding disorders consist
of replacement of the deficient clotting factor. How-
ever, the available therapies and the clinical experi-
ence on their use are limited (Table 10.6). They are
mostly plasma derived with the exception of rVIIa.
FFP is widely available and relatively inexpensive, 
but it carries the risk of fluid overload when repeated
doses are required to maintain the hemostatic factor
levels and the risk of viral transmission. Clotting factor
concentrates, if available, are the preferred option. If
they are unavailable or contraindicated, then virally
inactivated plasma can be used.

Hemostatic agents, such as rVIIa, FXI concen-
trates, VWF-containing concentrates, and prothrombin 
complex concentrates, carry the risk of thrombotic
complications. They should therefore be avoided in
patients with a personal or family history of thrombo-
sis. The risk of bleeding must be balanced against the
risk of thrombosis. The use of these agents should be
accompanied by appropriate thromboprophylactic
measures including adequate hydration, early mobil-
ization, compression stockings and, in some cases,
LMWH.
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Introduction

Labor, for many women, is one of the most intense
and painful life events. Pain in the first stage of labour
is caused by uterine contractions and cervical dilation.
Painful stimuli from the uterus are transmitted to the
posterior nerve roots of the tenth thoracic through 
to the first lumbar nerves. In the late first stage and 
second stage of labour, the pain predominantly results
from stretching of the pelvic floor, vagina, and peri-
neum. These pain stimuli are transmitted via the
pudendal nerve derived from the second to the fourth
sacral nerves. Contraction pain is predominantly vis-
ceral, hence it is poorly defined and frequently referred,
for example, to the lower abdomen and back, whereas
delivery pain is somatic and is generally well localized
and sharp.

The experience of pain is multifactorial and cannot
be accounted for solely by neurophysiological explana-
tion. Pain is defined by the International Association
for the Study of Pain as “an unpleasant sensory and
emotional experience associated with actual or poten-
tial tissue damage, or described in terms of such 
damage” [1]. Therefore, the experience of pain,
including labor pain, is highly individualized and multi-
dimensional. The response to labor pain is modified 
by physiologic as well as psychosocial and environ-
mental factors. Although satisfaction in childbirth is
not dependent on the absence of pain, a woman’s birth

experience can be influenced by the level of pain experi-
enced and the effectiveness of pain relief provided.

Management of labor pain is an integral part of 
the care provided for all pregnant women. It entails
the provision of appropriate pain relief options with
detailed information on their benefits and risks. A wide
range of non-pharmacological and pharmacological
options is available to assist women in coping with
labor pain. The decision to use a particular method is
based on the woman’s preferences and on her obstetric,
fetal, anesthetic, and hemostatic risks.

In women with inherited bleeding disorders, hemo-
static risk is of a particular concern. However, this 
risk is “physiologically” minimized by the pregnancy-
induced increase in some coagulation factors or by
appropriate prophylactic treatment. A significant rise
in levels of factor VIII activity (FVIII:C) and von
Willebrand factor antigen (VWF:Ag) and activity
(VWF:AC) is observed during pregnancy, particularly
in the third trimester [2–4]. Consequently, most 
carriers of hemophilia A and women with type 1 von
Willebrand disease (VWD) have normal clotting fac-
tor levels at term. In contrast, levels of factor IX (FIX)
and XI (FXI) do not alter significantly during preg-
nancy [2, 3]; thus, the coagulation defect in carriers of
hemophilia B and in women with FXI deficiency usually
persist throughout pregnancy. The hemostatic defects
in women with platelet function disorders or severe
clotting factor deficiencies, such as type 3 VWD, also
remain unchanged in pregnancy. Therefore, it is import-
ant to assess coagulation during pregnancy, especially
during the third trimester, to allow an individualized
management plan to be made for each woman. In
addition to the assessment of coagulation status and
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factor levels, considerations of personal and family
bleeding history are important in the risk assessment
and decision on the need for hemostatic treatments.
The hemostatic changes that accompany pregnancy
and the selection and use of prophylactic treatments
are discussed in Chapter 10. The aim of this chapter is
to explore the options of obstetric analgesia and anes-
thesia specifically for women with inherited bleeding
disorders.

Non-pharmacological methods

A wide variety of non-pharmacological methods have
been used to help women cope with the pain of child-
birth. However, there are very few published scientific
studies that have assessed their efficacy and adverse
effects. Commonly used techniques include controlled
breathing, massage, warm water bath, aromatherapy,
acupuncture, acupressure, transcutaneous electrical
nerve stimulation (TENS), hypnosis, music, and audio-
analgesia. Many women choose non-pharmacological
or complementary pain relief methods to avoid invasive
or pharmacological measures. They are frequently used
at the first instance and in the early stages of labor. A
Cochrane systematic review of non-pharmacological
methods used by the general obstetric population 
concluded that acupuncture and hypnosis may help
to relieve labor pain, but there is currently insufficient
evidence to support the benefits and effectiveness of
massage and other complementary therapies [5]. There
is a lack of published scientific data on the efficacy 
or safety of these non-pharmacological methods in
women with inherited bleeding disorders. Techniques
that involve disruption to maternal tissue such as
acupuncture may be considered to be relatively con-
traindicated because of the potential risk of bleeding
or bruising. But non-invasive techniques such as con-
trolled breathing and massage are generally regarded
as safe for these women.

Pharmacological methods

Pharmacological methods of controlling pain during
labor and delivery have been used for centuries. Tech-
niques commonly used today include Entonox (nitrous
oxide premixed with oxygen), opioids, and regional
block techniques in the form of epidural or combined

spinal–epidural. The use and popularity of these meas-
ures evolved concurrently with the changes in social
and cultural views towards the pain of childbirth.
Over time, various techniques have been developed,
some gained popularity while many were discontinued
because of significant maternal or neonatal adverse
effects. The primary concern when using any pharma-
cological method in women with inherited bleeding
disorders lies mainly in the potential risks of bleeding
complications in the mother and the newborn.

Inhalation analgesia

Volatile agents have been used to provide sedation and
analgesia during childbirth for over a century and a
half. In 1847 James Simpson discovered the effects of
chloroform and subsequently introduced anesthesia 
to obstetric practice. He first used ether to provide
analgesia for vaginal delivery [6]. Inhalation labor
analgesia became more widely accepted when Queen
Victoria received chloroform during the birth of 
her eighth and ninth children in 1853 and 1857 [7].
Nitrous oxide (as premixed 80% nitrous oxide in 
air) was first used for pain relief in labor in 1881 [8].
Minnitt [9] later introduced an apparatus allowing
self-administration of nitrous oxide in 1934. Since
then other volatile agents have also been used, includ-
ing trichloroethylene, enflurane, isoflurane, and sevo-
flurane [10–13], but only nitrous oxide is widely used
in current obstetric practice. This is likely due to its
ease of administration, minimal toxicity, cardiovascu-
lar and respiratory effects, its lack of flammability,
odor, or effect on uterine contractions, as well as its
low cost.

It is delivered premixed as 50% nitrous oxide and
50% oxygen (Entonox). It is self-administered and
can be used at any stages of labor depending on the
woman’s needs and preferences. It has a fast onset of
effect of approximately 50 seconds, which is reversed
rapidly when inhalation is ceased [14]. Although it is
not a potent labor analgesic it can provide substantial
pain relief in at least 50% of women when applied
properly [15]. Its clearance is predominantly by exha-
lation rather than metabolism and it does not cause
prolonged sedation in the mother or the baby after
delivery. Unlike other pharmacological methods of
intrapartum pain relief, it does not affect labor phy-
siology or neonatal outcome [16–18] and it does 
not require additional maternal or fetal monitoring.
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Side-effects include nausea, vomiting, dizziness, and a
dry mouth, but there are no major side-effects with
short-term use. Owing to its non-invasive mode of
administration and low incidence of significant side-
effects, nitrous oxide is a safe option for women with
inherited bleeding disorders.

Opioid analgesia

The use of systemic opioids for labor pain was 
first documented in ancient Chinese writings [19]. It
remains a common option for women today. Meperi-
dine (pethidine) is currently the most frequently used 
opioid for the relief of labor pain in the United
Kingdom. Other opioid drugs that have been assessed
include morphine, tramadol, meptazinol, butorphanol,
and fentanyl. Opioids provide some pain relief but are
associated with maternal sedation, nausea, vomiting,
dizziness, and delayed stomach emptying. They can
also cause neonatal respiratory depression [20, 21] as
they cross the placenta. An opioid antagonist such as
naloxone may be required to reverse this effect in the
newborn. However, it is often given intramuscularly,
which is contraindicated in newborns with an inher-
ited bleeding disorder. Other neonatal adverse effects
of opioids include decreased neonatal alertness [22],
inhibition of suckling [23–25], a delay in feeding [26,
27], and lower neurobehavioral scores [28]. Opioids
can be administered as an intramuscular or intraven-
ous injection or as intravenous patient-controlled
analgesia (PCA). In women with uncorrected bleeding
disorders, intramuscular injections can cause bleeding
or bruising at the site of injection. Intravenous opioid,
on the other hand, is more likely to cause severe opioid-
related complications such as respiratory depression
in both the mother and the newborn baby. Systemic
opioids are generally considered unsuitable in women
with inherited bleeding disorders because bleeding
complications can result from the intramuscular
administration of opioid in mothers with an uncor-
rected coagulation defect and of the antidote in new-
borns affected by the bleeding disorders.

Remifentanil, a new ultrashort-acting synthetic 
opioid, has been used recently to provide pain relief 
in labor [29, 30]. In a UK survey on the use of intra-
venous opiates given through a PCA device during
labor, remifentanil (34.6%) was the most commonly
used opioid for live births [31]. It has an effect-site
half-life for analgesia of 1.3 minutes [32] and a 

context-sensitive half-life (the estimated time required
for a 50% reduction in blood concentration after stop-
ping an infusion that reached a steady state) of approx-
imately 3 minutes in the general population [33]. It is
rapidly hydrolyzed by non-specific tissue and blood
esterases to inactive metabolites [34]. Its rapid onset
and offset of action can potentially make it an ideal
opioid for PCA during labor [35]. Kan et al. [35] first
demonstrated its pharmacokinetics in 19 obstetric
patients who received intravenous remifentanil during
non-urgent cesarean section under epidural anesthesia.
The clearance of remifentanil is greater in parturi-
ents than in non-obstetric patients. It crosses
the placenta readily, but also appears to be rapidly
metabolized, redistributed, or both in the fetus [35].
Comparative studies have shown that remifentanil
PCA provided better analgesia during labor than
inhaled Entonox or meperidine given either intramus-
cularly or via intravenous PCA apparatus [36–38].
The side-effects are minor and include mild sedation,
itching, and nausea [39–41]. In a recent preliminary
safety study, no evidence of cardiovascular instability,
respiratory depression, cardiotocograph abnormalities
requiring intervention in laboring women, or adverse
neonatal outcome was found [41]. Remifentanil
could be a promising alternate labor analgesic for
women with a contraindication for regional analgesia.
Few case reports have described the effective use of
remifentanil PCA in parturients with coagulopathies
where regional block was contraindicated [29, 30,
42]. However, it is currently not licensed for use in
obstetric analgesia and further efficacy and safety data
are required before its routine use can be recom-
mended [43].

Regional (neuraxial) analgesia and anesthesia

Regional blockade for pain relief in labor, using sub-
arachnoid cocaine, was reported as early as 1900 by
Kreis [44]. Caudal extradural (epidural) analgesia for
labor was performed in 1909, but the “loss of resist-
ance technique” for cannulation of the extradural
space was not developed until 1921 [45]. Ureteric 
silk catheters and Tuohy’s curved bevel needle were
developed in the early 1940s [46]. This allows repeated
top-ups into the extradural space without the need 
for recannulation and made continuous extradural
analgesia for labor possible. Extradural blockade for
pain relief in labor started to gain popularity in the
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1950s and its use in obstetrics has steadily increased,
particularly in the last 30 years. The use of diluted
local anesthetic solutions and the addition of opiates
to local anesthetics to augment analgesia while spar-
ing muscle power and proprioception have increased
the attractiveness of this technique to control labor
pain. Recent data showed that approximately 21% of
women in the UK and 58% of women in the USA use
this form of pain relief during labor and delivery [47,
48]. However, its use varies greatly between hospitals
depending on its availability and the local population.
There has also been a remarkable shift from general
anesthesia to regional anesthesia for cesarean sections
because of its better safety record [49]. The propor-
tion of cesarean sections performed under general
anesthesia in the UK has fallen from over 50% in
1989–90 to less than 10% in 2003–4 [47].

Techniques of regional (neuraxial) blockade
Regional block techniques for delivery include epidural,
spinal or a combination of the two. Epidural blockade
involves the administration of anesthetic drugs into
the extradural space, often through a catheter as this
allows repeated doses to be administered. Obstetric
epidurals are inserted in the lumbar region below 
the conus medullaris and where the spinal cord has
divided to form the filum terminale, usually at the
interspace between the second and third or the third
and fourth lumbar vertebrae. The intention is to block
electrical transmission along the pain fibers running
from the uterus and the birth canal as they cross the
epidural space. Blockade of the dermatomes supply-
ing the uterus (T10 to L1) is required for labor pain
relief, and blockade of sacral nerve roots that supply
the vagina and perineum is required for delivery. For 
a cesarean section the block needs to be intense and
spread up from the sacral area, which provides sensa-
tion from the bladder, to the level of the fourth 
thoracic vertebrae to block the sensory fibers from the
peritoneum. The volume and concentration of local
anesthetic solution can be titrated to achieve an appro-
priate level of analgesia for each procedure. Recently,
there has been a trend to use mixtures of opiates and
less concentrated local anesthetics. These provide
analgesia while preserving maternal motor function
and proprioception [50]. This enables the women to
mobilize during labor, an option preferred by many
women [51, 52]. In a randomized trial of walking dur-

ing active labor, 99% of mothers allocated to the
ambulatory group stated they would wish to ambulate
again during future labor [52].

A spinal block involves the injection of anesthetic
drugs into the intrathecal space and is faster to 
take effect than an epidural. It is not usually used on 
its own to provide pain relief in labor because of its
relatively short duration of effect. However, it is used
for cesarean sections and the manual removal of 
placenta.

A combined spinal epidural (CSE) involves using
both a spinal and an epidural for analgesia. It involves
the initial administration of an intrathecal dose of
local anesthetic/opiate mixture through a spinal needle
and at the same time inserting a catheter into the
epidural space through a Tuohy needle. This provides
the rapid onset of a spinal anesthetic and allows
repeated epidural doses to be given through the
catheter. It is particularly effective in late labor and for
instrumental or cesarean section deliveries as the spinal
component provides a faster blockade of the sacral
nerve roots than an epidural. Both CSE and epidural
have been shown to provide effective pain relief in
labor, with no difference in overall maternal satis-
faction, mobility, obstetric outcome, and neonatal
outcome [53].

Regional analgesia is currently the most effective
form of analgesia for pain relief in labor [54] and it
does not cause the sedation associated with other
forms of analgesia, including opioid-induced neonatal
respiratory depression. Regional anesthesia provides
an alternative to general anesthesia for cesarean sec-
tion. It has been shown to allow quicker mobilization,
earlier establishment of breast feeding and gastroin-
testinal function, and better Apgar scores (at 1 and 
5 minutes) than general anesthesia [55–57].

Risks and complications of
regional (neuraxial) blockade
Common side-effects of regional block include hypo-
tension, pruritus, and nausea, which are usually mild
and often do not require treatment. Hypotension may
develop soon after the administration of the local
anesthetic agent and occurs secondary to peripheral
vasodilation from sympathetic blockade leading to
pooling of blood in the venous capacitance vessels, ob-
struction of venous return from uterine compression,
and arteriolar dilation leading to a reduced afterload.
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Therefore, it is important to ensure adequate hydra-
tion, to monitor blood pressure in women receiving a
regional block and to avoid a maternal supine posi-
tion. Shivering, fever, drowsiness, and urinary reten-
tion have also been reported with the use of a regional
block [58–60]. Other potential complications of
regional block include inadequate or failure of block,
inadvertent puncture of a blood vessel (“bloody tap”),
and accidental dural puncture. Dural puncture can
cause headache (postdural puncture headache), which
may be self-limiting, but when it is severe and persist-
ent, an epidural blood patch (insertion of autologous
blood into the epidural space) can be performed to
improve the symptoms. Serious but rare complica-
tions include local anesthetic toxicity, inadvertent high
epidural or total spinal block, infection, spinal epidural
hematoma, and neurological complications ranging
from nerve root damage to spinal cord paralysis. An
epidural can also influence the course of labor. A recent
Cochrane review of epidural versus non-epidural or
no analgesia in labor showed that women randomized
to epidural had a longer second stage of labor, an
increased need for oxytocin, and a higher rate of 
instrumental deliveries [54].

Coagulopathy and the risks of 
neurological complications
In women with inherited bleeding disorders, the 
greatest concern with the use of regional block is the
potential risk of an epidural or spinal hematoma. In
the presence of normal coagulation, bleeding from
blood vessel injuries sustained during the adminis-
tration and removal of a regional block is usually 
self-limiting. In a woman with defective coagulation
bleeding is more likely to continue and result in the
formation of an epidural hematoma. This can lead to
spinal cord compression and permanent neurological
damage if not treated promptly. The risk of spinal 
and epidural hematomas after neuraxial block is rare 
both in the general population (1 in 150 000–200 000)
and in the obstetric population (0.2–3.7 in 100 000)
[61–63]. However, this risk is significantly increased
in the presence of coagulation abnormalities. In a
review by Vandermeulen et al. [63], 42 (69%) of
the 61 cases of spinal hematoma related to regional
blocks identified in the general population occurred in
patients with evidence of hemostatic abnormality,
mostly attributable to anticoagulants. Five of these

were pregnant women. In the review by Abramovitz
and Beilin [64] looking specifically at spinal/epidural
hematoma in obstetric patients, three of the 10 case
reports identified were in women with coagulation
abnormalities associated with conditions including
pre-eclampsia or obstetric cholestasis. For this reason,
coagulopathy is regarded as a contraindication to
regional block and consequently women with inherited
bleeding disorders are often denied this option. Despite
correction of the clotting defect, many anesthetists are
still hesitant in instituting a regional block because
limited data are available on the safety of regional
block in these women.

In 13 case reports or series including 35 women
with VWD, 19 with heterozygote FXI deficiency and
seven carriers of hemophilia [2, 3, 65–75], no com-
plications from regional blockade were reported
(Table 11.1). In most cases, women with mild VWD
or carriers of hemophilia A did not require prophy-
lactic cover, whereas those with moderate or severe
VWD received VWF-containing FVIII concentrate 
[2, 3, 65–69, 73, 75]. Dhar et al. [72] reported a case
of regional block in a woman with hemophilia A
(FVIII:C <1%). This condition is very rare in females
as hemophilia is an X-linked disorder and such a low
FVIII:C level is likely to be the result of extreme
lyonization or first cousin marriage. She was main-
tained throughout pregnancy on recombinant FVIII
concentrate (rFVIII) and her FVIII:C was 101 IU/dL
prior to epidural insertion. Most of the women with
FXI deficiency (17/19) reported in the literature 
did not receive prophylactic cover [3, 70, 74]; of these,
15 received regional anesthesia prior to diagnosis of
their FXI deficiency [70, 74]. David et al. [70] reported
two women (FXI levels 26 and 39 IU/dL, respectively)
who received fresh-frozen plasma, which corrected the
isolated prolonged activated partial thromboplastin
time prior to regional block. One of these women had
a positive personal and family bleeding history.

In a recent retrospective review of obstetric anal-
gesia and anesthesia in women with inherited bleed-
ing disorders who delivered at the Royal Free
Hospital, London, the use of a regional block was
described in a further 36 pregnancies [76]. Prophylac-
tic cover was given in 11 pregnancies due to subnormal
clotting factor levels at term, whereas the coagulation
defect had normalized in the remaining 25 pregnan-
cies. Complications included one case of hypotension
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following regional anesthesia, which was corrected by
fluid replacement, one case of inadequate analgesia
due to unilateral block, and one case of inadequate
anesthesia requiring conversion to general anesthesia
during a cesarean section. Dural puncture was sus-
pected in one woman and was treated conservatively.
A bloody tap was noted in two cases with no further
complications; both women had normal clotting screen
and factor levels at term. No long-term complications
from the regional block were reported. [76]

Guidance for the use of regional (neuraxial) block in
women with inherited bleeding disorders
The findings from these case reports and series support
the idea that it is safe to site a regional block in women
with inherited bleeding disorders provided the coagu-
lation defect has returned to normal during pregnancy
or has been corrected with prophylactic treatment.
Therefore, the option of regional block techniques
should not be denied in all women with inherited
bleeding disorders.

At the same time, it is important not to overlook 
the potential risks of regional block techniques, espe-
cially in women with severe or unpredictable disorders
where hemostasis cannot be guaranteed. The use of 
a regional block may be contraindicated in these 
circumstances.

Table 11.2 presents the prerequisites for the use 
of a regional block in women with inherited bleed-
ing disorders. The decision on its use should be
planned on a case by case basis during the antenatal
period. The mother should be counseled on the 
risks and benefits of regional block and its alterna-
tives. Assessment of the coagulation status during
pregnancy and planning for the need and avail-
ability of prophylaxis are essential. These can be 
based on factor levels meas-ured in the third trimester,
as it can often be difficult to assess clotting factor 
levels during labor. The management of these 
women requires collaboration between hematologists,
anesthetists, and obstetricians and the management
plan should be documented clearly and be readily
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Table 11.1 Case reports and series on the use of regional block in women with inherited bleeding disorders during labor and
delivery (from Chi et al. [76])

Author and year Bleeding disorder and number of women Prophylactic treatment 

Cohen et al. 1989 [65] VWD (1) No

Milaskiewicz et al. 1990 [66] VWD type 1 (1) No

Kadir et al. 1997 [2] Carrier of hemophilia (6) No

Kadir et al. 1998 [3] VWD (8) and FXI deficiency (2) In one moderate VWD (VWF containing 
concentrate)

Caliezi et al. 1998 [67] VWD type 3 (1) Yes (FVIII concentrate)

Jones et al. 1999 [68] VWD type 2A (1) Yes (FVIII concentrate)

Cohen and Zada 2001 [69] VWD (1) Yes (FVIII concentrate)

David et al. 2002 [70] FXI deficiency (3) In two cases (FFP)

Perez-Barrero et al. 2003 [71] VWD type 1(1) Yes (DDAVP)

Dhar et al. 2003 [72] Hemophilia A Yes (rFVIII)

Varughese and Cohen 2007 [73] VWD type 1 (14), type 2A (1) No

Myers et al. 2007 [74] FXI deficiency (14) No

Marrache et al. 2007 [75] VWD type 1 (6) No

VWD, von Willebrand disease; VWF, von Willebrand factor; FVIII, factor VIII; FXI, factor XI; DDAVP, desmopressin; rFVIII,
recombinant factor VIII, FFP, fresh-frozen plasma.
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available to professionals attending the women in
labor.

Prophylactic treatment is generally required if the
measured coagulation defect does not return to normal
during pregnancy. However, considerations must also
be given to personal and family bleeding history, espe-
cially for disorders with an unpredictable bleeding
tendency such as FVII and FXI deficiency. Women
with mild VWD and carriers of hemophilia A usually
do not require prophylaxis during labor because of 
a pregnancy-induced rise in FVIII and VWF levels.
However, carriers of hemophilia B and women with
FXI deficiency or other rare bleeding disorders are
likely to require prophylactic treatment because their
bleeding defects usually persist during pregnancy. The
administration of a regional block requires the correc-
tion of the coagulation defect. This includes a normal
coagulation screen, a platelet count of >80 × 109/L
[77], and individual clotting factor activities measured
in the normal range or above the suggested hemo-
static level for each inherited bleeding disorder (see
Table 10.3) [78]. Tranexamic acid cover may be suffi-
cient in some women with borderline clotting factor
levels and no personal or family bleeding history.
Women with low clotting factor levels or a significant
bleeding history require prophylactic treatment with
clotting factor replacement. Recombinant clotting 
factors, when available, are the treatment of choice 
in pregnant women [78]. For women with rare bleed-
ing disorders, therapeutic options are usually plasma
derived with the exception of recombinant factor
VIIa, which is recommended for the treatment of FVII

deficiency [79, 80]. For further details on the selection
of therapeutic products refer to Chapter 10.

A single-shot spinal anesthesia may be a more suit-
able and safer option in some situations, such as an
uncomplicated elective cesarean section, as it removes
the potential risk of vessel damage from an epidural
catheter [64, 81–82]. Signs and symptoms of spinal
hematoma are variable and they include acute onset of
back (radicular) pain, bladder dysfunction, as well as
sensory and motor deficits [83]. Regular assessment 
of neurological function is recommended to enable
early recognition of potential complications. The use
of low concentrations of local anesthetic augmented
with opiates is preferred in order that the onset of
abnormal neurologic signs is not masked. Any sus-
picions of a spinal epidural hematoma should trigger
prompt assessment with magnetic resonance imaging
for early diagnosis. If an epidural hematoma is dis-
covered, immediate surgical decompression should be
performed because an adverse neurological outcome 
is directly related to the time interval from hematoma
formation to surgical decompression. The likelihood
of a good recovery was found to be greatest in patients
who had less than 8 hours’ delay from the onset of
neurological symptoms to surgery [63]. It is also im-
portant to consider the risk of bleeding during removal
of the epidural catheter as the pregnancy-induced rise
in factor levels may quickly reverse after delivery [84].
Vandermeulen et al. [63] found that almost 50% of
spinal hematomas associated with epidural catheter
use occurred at the time of removal. Therefore, assess-
ment of the coagulation status and continuation of
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Table 11.2 Conditions for the use of regional block in women with inherited bleeding disorders during labor and delivery 

Multidisciplinary management involving hematologists, anesthetists, obstetricians, and the mother
Detailed counseling on the benefits and risks of regional block and its alternatives
Informed consent of the patient
Careful assessment of coagulation status including assessment of clotting factor during the third trimester, and personal and

family bleeding history
Availability of therapeutic products and adequate response to treatment
Plan of management made antenatally, clearly documented, and readily available to professionals attending the women 

in labor
Normalization of coagulation defect either because of pregnancy itself or by prophylactic treatment
Meticulous technical skills in the administration of regional block by experienced anesthetist
Awareness and surveillance for symptoms and signs of potential complications
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prophylaxis, if indicated, are equally important for the
removal of the epidural catheter.

Other regional block techniques

Paracervical block
This can be used to relieve pain during the first stage 
of labor and involves the injection of local anesthetic
into the cervix. Repeated administration may be
required because of its relatively short duration of
effect. Although it is easy to perform, concerns over its
safety to the fetus and the availability of other effective
alternatives have diminished its popularity signific-
antly. Many studies have reported its association with
fetal bradycardia and acidosis [85–87]. The cause of
these effects is uncertain, but the proposed theories
include vasoconstriction of the uterine vessels, leading
to a reduction in uterine perfusion and fetal hypoxia
or a direct toxic effect via placental transfer of local
anesthetic [88]. For these reasons, it should be avoided
if there is potential fetal compromise.

Pudendal block
This is primarily used to relieve pain during the second
stage of labor. This technique involves the injection 
of local anesthetic solution into the bilateral pudendal
nerves in the pelvis, either through a transvaginal or,
less commonly, through a transperineal approach. 
It can provide pain relief for normal delivery, instru-
mental deliveries, and episiotomy. The potential com-
plications include systemic toxicity as a result of
intravascular administration, maternal hematoma, and
infection [89–91].

In women with inherited bleeding disorders, 
paracervical and pudendal blocks are not advisable if 
the clotting defects have not been corrected. Perineal
infiltration with local anesthetic agents is sometimes
performed for certain procedures, such as episiotomy
repair, but should be carried out with caution because
of the risk of bleeding complications. However, if the
mother’s clotting defect has been corrected, she may
be offered these options depending on other maternal
and fetal risks.

General anesthesia

When a cesarean section is required for delivery, usu-
ally a regional or general anesthesia is administered. In
the last few decades, the number of cesarean sections

performed in the UK has risen, but anesthetic mortal-
ity related to pregnancy has fallen. Obstetric anesthe-
sia for cesarean section in the UK is considerably safer
than in the 1960s, when the majority of cesarean sec-
tions were performed under general anesthesia [92].
Between 1970 and 1972, there were 37 anesthetic-
related maternal deaths, but regional blocks were 
performed in only two [93]. Between 2000 and 2002,
there were six anesthetic-related deaths, all of which
were associated with the use of general anesthesia
[92]. General anesthesia in the obstetric population is
associated with a higher incidence of difficult and
failed intubation. Aspiration of the gastric contents 
is also more likely to occur because of slower gastric
emptying in pregnancy. These complications have
been identified as the predominant cause of maternal
mortality related to anesthesia. The reduction in 
anesthetic-related maternal mortality over the last few
decades is probably due to increased awareness of 
the important anesthetic issues, better organization of
obstetric services, and a change from the widespread
use of general anesthesia to the safer regional blockade
as the technique of choice for cesarean sections.

Although regional techniques are the preferred
method for anesthesia for cesarean sections, there are
circumstances when general anesthesia is indicated.
They include emergency procedures for which there
is not enough time to establish regional blockade,
inadequate or failed regional anesthesia, and an 
uncorrected maternal bleeding diathesis that renders
an epidural contraindicated.

Postoperative pain relief is also an issue following
general anesthesia because the analgesic benefits of an
epidural are not available and non-steroidal drugs are
contraindicated in women with bleeding disorders 
as they interfere with platelet function. A regime con-
taining regular paracetamol and codeine can be given
to reduce the postoperative pain. Opiate drugs can 
be administered intravenously through a PCA device 
and this is a suitable option for women with inherited
bleeding disorders in whom intramuscular injections
are contraindicated and postoperative ileus can make
absorption via the oral route unreliable.

Conclusion

Management of obstetric analgesia and anesthesia in
women with inherited bleeding disorders requires
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careful planning and risk assessments. Non-pharma-
cological and non-invasive methods of pain relief are
usually not contraindicated in women with inherited
bleeding disorders. The use of inhalation analgesia
(Entonox) is considered safe in these women, but 
intramuscular opioids should be avoided in women
with uncorrected coagulopathy because of the risk of
bleeding and bruising in the mother. Remifentanil
PCA presents a promising alternative labor analgesic,
but further efficacy and safety data are required before 
its use can be recommended. It is possible to offer
women with inherited bleeding disorders the option 
of regional block techniques, provided their coagula-
tion defects have been corrected either because of a
spontaneous rise in the level of the deficient clotting
factor during pregnancy or because of prophylactic
treatment. Regional techniques are contraindicated 
in women with uncorrected coagulopathy because of 
the increased risk of bleeding complications and sub-
sequent neurological sequelae. The use of a regional
block in women with inherited bleeding disorders
must be preceded by thorough discussions on its risks
and benefits, detailed assessment of coagulation status,
and careful planning for any prophylactic treatment
required. Close collaboration between hematologists,
anesthetists, and obstetricians is crucial for ensuring
optimal outcomes.
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Introduction

Bleeding problems in the newborn can have severe con-
sequences. The newborn is in a very vulnerable state
and has to survive the serious effects that delivery and
early neonatal life have on hemostasis. Therefore it is
very important to have knowledge and understanding
about specific haemostatic issues in newborns that
have an effect on this situation.

Bleeding problems in the newborn can be divided
into inherited bleeding disorders, physiologic aberra-
tions of hemostasis, and acquired hemostasic abnor-
malities such as vitamin K deficiency or septicemia. All
of these factors will affect hemostasis and can lead to
an increased bleeding tendency in the newborn.

The most common inherited coagulation disorders
are hemophilia A and hemophilia B. Hemophilia in 
the newborn presents a number of challenges in 
terms of both diagnosis and management unique to
this age group [1]. In the presence of a family history
of hemophilia, optimal management requires close
cooperation between specialists in obstetrics, hemato-
logy, and neonatology, each of whom has an import-
ant role to play in ensuring a safe outcome for these
infants. More problematic is where a family history
is absent or has not been adequately elucidated, in
which case the diagnosis of hemophilia in the neonate
will not be suspected. Diagnostic difficulties may then 

arise because of failure to recognize the presence of
abnormal bleeding, which is often different from that
typically observed in older children with hemophilia.
In addition, diagnostic investigations are complicated
by physiological differences in the neonatal hemo-
static system [2, 3].

Although major bleeding directly after birth is 
relatively uncommon in severe hemophilia, the incid-
ence of intracranial hemorrhage is higher during 
the first few days of life than at any other stage in
childhood. Hemophilia is an inherited disease which 
is X linked [4]. This means that all daughters of 
a father with hemophilia will be obligate carriers
of hemophilia and none of his sons will be affected
with hemophilia. However, from the maternal side,
the mode of transmission may seem less clear (unless a
mother already has a hemophilic child), since women
who are carriers of hemophilia are not always diag-
nosed as carriers either because they are relatively
asymptomatic or because they have minor hemor-
rhagic symptoms. In these cases, the possibility of
hemophilia in a male offspring may not be suspected
antenatally. In asymptomatic female carriers 30% of
hemophilic mutations are reported to be de novo.
Moreover, in large prospective studies of newborns
with severe hemophilia, it has been observed that
>50% of the boys with severe hemophilia did not have
a positive family history for hemophilia [5, 6]. This
means that hemophilic boys born in these situations
have no special care during delivery and the diag-
nosis is made later in their life. This puts them at 
risk of serious hemorrhagic complications at the time
of delivery, such as intracranial hemorrhage and its
associated morbidity. It may also lead to a distressing
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CHAPTER 12

period in which the parents are suspected of child
abuse because of unusual bleeding such as ecchymoses
and hemarthroses [7]. In some contemporary reports
suspected physical child abuse has affected up to 30%
of the newly diagnosed cases of children with severe
hemophilia. For the families this is very difficult and
leads to mistrusting the care givers even after an
appropriate diagnosis is finally made [7].

It is important that physicians are aware that a 
congenital bleeding disorder should be suspected in
every child with an increased hemorrhagic diathesis
even when there is a negative family history. Also, in 
a child for whom the parents are suspected of child
abuse, appropriate laboratory tests to exclude a bleed-
ing disorder should be part of the investigations.

Apart from the recognition of congenital bleeding
disorders, other acquired disorders may have an impact
and can cause an increased bleeding tendency. More
knowledge therefore about special disease status and
their relationship to a bleeding tendency is important.

Hemostasis is a dynamic and evolving mechanism
that is age dependent and begins in utero. Recent 
studies have provided age-dependent reference values
that delineate age-dependent features of hemostasis
and facilitate the evaluation of infants with hemostatic 
disorders. The reference values of hemostatic para-
meters in newborns are very different from those of
older children and adults. The prevalence of throm-
boembolic and hemorrhagic complications is much
lower in newborns than in adults. This is true also for
sick neonates in whom additional risk factors are 
necessary for thromboembolic events. However, 
hemorrhagic complications are common in sick new-
borns and are often due to vitamin K deficiency and
asphyxia [8]. In fact, serious hemorrhagic problems in
the first week of life are more frequently due to
acquired pathologic disorders. Thus special attention
is needed when children with severe inherited bleed-
ing disorders encounter other complications during 
delivery or shortly after birth.

The evaluation of the laboratory values in a new-
born can be a challenge, since the physiological levels
of many coagulation proteins are low, and this makes
it difficult to establish the diagnosis of an inherited 
or an acquired disorder. However, severe congenital
deficiencies such as hemophilia A can be correctly
diagnosed immediately after birth. Milder diagnoses
can often be suspected but need to be confirmed some
months later.

In this chapter bleeding complications in the neona-
tal period will be discussed, including hemostatic 
laboratory differences between preterm and term new-
borns; the diagnosis of inherited bleeding disorders
in the newborn; and the prevention and treatment of
bleeding in the newborn.

Hemostatic parameters in 
the newborn

Platelets

The number of platelets in the preterm and newborn is
similar to that in adults, between 150 and 450 × 109/L.

Platelet adhesion is thought to be similar to adults;
however, few data are available regarding platelet
aggregation in the newborn. Functional assays in
neonates are difficult to perform because of the large
quantities of blood needed and because of diffi-
culties in venipuncture where impaired blood flow
may activate coagulation proteins and platelets. There
is also strong evidence that platelets are activated 
during delivery. It is speculated that thermal changes,
hypoxia, acidosis, and adrenergic stimulation may
play a role in the increase of thromboxane B2, β-
thromboglobulin and platelet factor 4 in the neonate
found immediately after birth.

Coagulation factors

Establishing reference values for coagulation factors
in newborns is difficult because frequent blood sam-
ples and micro-techniques are required to determine
the coagulation proteins. Ethically, this is difficult to
justify in healthy children and therefore reference val-
ues are often obtained from sick newborns. A bleeding
diathesis in the newborn is most commonly caused by
acquired vitamin K deficiency and therefore the fac-
tors II, VII, IX and X are the most studied coagulation
factors in this age group [8].

Tables 12.1 and 12.2 [2, 3] give the reference values
in preterm and term healthy infants during the first 
6 months of their life. Most coagulation proteins 
will increase to adult levels during the first 6 months of
life. Factor VIII is already normal at delivery, which
means that a child with hemophilia A can be diag-
nosed directly after birth. For factor IX the level is
lower than normal and will increase to normal levels
at 6 months.
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More recently, normal coagulation factor ranges
have been published for neonates and children 
(Table 12.3) [9]. The results reconfirm the age-
dependent hemostatic changes and illustrate that the
absolute values of reference ranges for coagula-
tion assay in neonates vary with analyzer and reagent
systems and in some instances also vary significantly
from the results previously reported. This find-
ing confirms the need for laboratories to develop 

age-related reference ranges specific to their own 
testing systems.

Inherited bleeding disorders

Hemophilia

Inherited coagulation disorders are rare and the 
most well characterized inherited bleeding disorder is
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Table 12.3 Coagulation factor reference values for neonates and children compared with results from Andrew et al. [2] (with
permission from Monagle et al. [9])

Coagulation Age
factors (%)

Day 1 Day 3 1 month– 1–5 years 6–10 years 11–16 years Adults
1 year

II 54* 62* 90* 89* 89* 90* 110
(41–69) (50–73) (62–103) (70–109) (67–110) (61–107) (78–138)
n=23 n=22 n=22 n=67 n=64 n=23 n=44
(13F/10M) (11F/11M) (7F/15M) (26F/41M) (23F/41M) (6F/17M)

II 48† 63† 88† 94† 88 83† 108
Andrew et al. (37–59) (48–78) (60–116) (71–116) (67–107) (61–104) (70–146)

V 81* 122 113 97* 99* 89* 118
(64–103) (92–154) (94–141) (67–127) (56–141) (67–141) (78–152)
n=22 n=22 n=20 n=75 n=64 n=20 n=44
(13F/9M) (11F/11M) (6F/14M) (26F/41M) (23F/41M) (5F/15M)

V 72† 99† 91† 103 90† 77† 106
Andrew et al. (54–90) (70–120) (55–127) (79–127) (63–116) (55–99) (62–150)

VII 70* 86* 128 111* 113* 118 129
(52–88) (67–107) (83–160) (72–150) (70–154) (69–200) (61–199)
n=22 n=22 n=20 n=66 n=64 n=22 n=44
(12F/10M) (11F/11M) (6F/14M) (25F/41M) (23F/41M) (6F/16M)

VII 66† 89† 87† 82† 85 83† 105
Andrew et al. (47–85) (62–116) (47–127) (55–116) (52–120) (58–115) (67–143)

VIII 182 159 94* 110* 117* 120* 160
(105–329) (83–274) (54–145) (36–185) (52–182) (59–200) (52–290)
n=20 n=25 n=21 n=45 n=52 n=24 n=44
(9F/11M) (12F/13M) (6F/15M) (26F/19M) (20F/32M) (6F/18M)

VIII 100 88 73† 90 95 92 99
Andrew et al. (61–139) (55–121) (50–109) (59–142) (58–132) (53–131) (50–149)

IX 48* 72* 71* 85* 96* 111* 130
(35–56) (44–97) (43–121) (44–127) (48–145) (64–216) (59–254)
n=24 n=23 n=21 n=44 n=51 n=25 n=44
(11F/13M) (11F/12M) (5F/16M) (25F/19M) (19F/32M) (6F/19M)

IX 53† 53† 86† 73† 75† 82† 109
Andrew et al. (34–72) (34–72) (36–136) (47–104) (63–89) (59–122) (55–163)
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hemophilia. It occurs in 1:10 000 males and the 
incidence appears to be the same in all ethnicities [4].
However, the reported prevalence of hemophilia
patients in countries is variable, reflecting physician
awareness, laboratory expertise and socioeconomic
context. In countries that are less developed, it is
mostly only patients with severe hemophilia who are
diagnosed. Because of a lack of treatment in these
countries, most of these patients will die before they
reach reproductive age. In contrast, in countries where
modern hemophilia treatment is available, patients
have a normal life expectancy and also will procreate.
Moreover, when a patient with mild hemophilia is
diagnosed, active counseling of the family members
will ultimately lead to more cases being diagnosed.
Individuals with mild hemophilia are often unaware
of their diagnosis because symptoms or signs of an
increased bleeding tendency are rare.

In Western European countries and also in 
the USA and Canada, a cohort of patients with
hemophilia will include the following diagnoses:
severe hemophilia in approximately 40%, moder-
ate hemophilia in 20%, and mild hemophilia in
40–50%.

This is very different for countries such as India
where genetic counseling is very sensitive. In these
countries, both the patients and the female carriers
have to live with the burden of a serious disease for
which they cannot afford treatment. However, when a
newborn is diagnosed with hemophilia, the mother
and other relatives should be offered active coun-
seling both to inform them about the risk of giving
birth to a child with the disease and to inform carriers
that they can transmit the gene to their daughters 
who will be carriers and to their sons who may be
hemophiliacs.
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Table 12.3 (Con’t)

Coagulation Age
factors (%)

Day 1 Day 3 1 month– 1–5 years 6–10 years 11–16 years Adults
1 year

X 55* 60* 95* 98* 97* 91* 124
(46–67) (46–75) (77–122) (72–125) (68–125) (53–122) (96–171)
n=22 n=22 n=21 n=66 n=49 n=24 n=44
(12F/10M) (11F/11M) (6F/15M) (25F/41M) (20F/29M) (7F/17M)

X 40† 49† 78† 88† 75† 79† 106
Andrew et al. (26–54) (34–64) (38–118) (58–116) (55–101) (50–117) (70–152)

XI 30* 57* 89* 113 113 111 112
(7–41) (24–79) (62–125) (65–162) (65–162) (65–139) (67–196)
n=20 n=22 n=22 n=41 n=50 n=24 n=44
(10F/10M) (11F/11M) (6F/16M) (24F/17M) (18F/32M) (5F/19M)

XI 38† 55† 86† 97 86 74 97
Andrew et al. (24–52) (39–71) (49–134) (56–150) (52–120) (50–97) (67–127)

XII 58* 53* 79* 85* 81* 75* 115
(43–80) (14–80) (20–135) (36–135) (26–137) (14–117) (35–207)
n=20 n=21 n=21 n=39 n=45 n=22 n=44
(9F/11M) (11F/10M) (7F/14M) (20F/19M) (17F/28M) (7F/15M)

XII 53† 47† 77† 93 92 81† 108
Andrew et al. (33–73) (29–65) (39–115) (64–129) (60–140) (34–137) (52–164)

Andrew et al. results shown for day 3 are actually day 5 results. M = males, F = females.
For each assay the first row shows the mean and boundaries including 95% of the population. The second row shows the
number of individual samples and the ratio of males to females for each group.
* Denotes values that are significantly different from adult values (P < 0.05).
† Denotes values that are significantly different from adult values for Andrew et al. data.
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von Willebrand disease 

See also Chapter 4.
von Willebrand disease (VWD) is an inherited bleed-

ing disorder that affects both the function of platelets
and the coagulation proteins. Patients with VWD will
also have a decreased factor VIII:C level because VWF
is the carrier protein for FVIII.

The clinical picture of VWD in the neonatal period
is mostly less pronounced than for severe haemophilia.
However, patients with type 3 VWD suffer from very
low FVIII and VWF. These children have an increased
risk for intracranial hemorrhage (ICH) and will also
demonstrate hematomas and muscle bleeding after a
traumatic delivery. This means that, for these chil-
dren, collaboration between the hematologist, and
obstetrician-gynecologist is as important as it is for
severe hemophilia. Also in the first 10 days after 
delivery, physicians should be aware that bleeding 
can still occur. After the immediate neonatal period,
symptoms of subcutaneous bleeding, especially in the
mouth, and hematomas will develop after very minor
trauma and these symptoms should lead the physician
to suspect VWD.

Inherited platelet disorders

Platelet disorders are uncommon, the most well
known are Glanzmann disease and Bernard–Soulier.
A review of diagnosis and clinical management of
these disorders has been published [11]. Bruising and
extended bleeding after minor trauma and venipunc-
ture may be the first symptoms. When the number of
platelets is above 50 × 109/L and hemophilia and
related disorders are excluded, a disorder of platelets
should be suspected.

For adequate laboratory diagnosis it is necessary to
obtain a sufficient number of platelets for aggregation
studies. This is difficult to perform in young children,
and therefore studies in affected family members can
be extremely helpful in establishing a diagnosis.

Rare bleeding disorders

See also Chapter 5.
Other rare inherited bleeding disorders include 

fibrinogen, factor  II, factor V, factor VII, factor X, fac-
tor XI and factor XIII  deficiencies. The clinical picture
of these deficiencies is different from hemophilia. The

bleeding pattern is variable and there seems to be less
correlation between the severity of the disease and the
factor level. However, clinical data should be inter-
preted carefully. Especially since ICH is a frequently
occurring event in the neonatal period, children may
die undiagnosed of their inherited bleeding disorder.
This means that there is a predilection for children
with milder disorders to end up in clinical series.
Special attention should be paid to the potential for
selection bias since it may affect interpretation of pub-
lished results in clinical trials. For this reason, as well
as for reasons related to difficulties posed by diagnosis
and treatment, it is extremely important that carriers
are diagnosed and followed in specialized centers.
This will also allow for improved data on childbirth
and bleeding problems.

The bleeding diagnosed in patients with factor XIII
deficiencies is umbilical cord and central nervous sys-
tem bleeding. Also it was reported that they had more
problems in wound healing.

Laboratory diagnosis

Laboratory diagnosis of inherited bleeding disorders
in the newborn is challenging. Difficulties in diagnosis
relate both to limitations in blood drawing in the
neonate as well as to developmental aspects of neona-
tal homeostasis. Knowledge of the specific bleeding
disorder in the parents is likely to be very informative.
Babies felt to be at risk should be managed as if they
were affected, and appropriate precautions and inter-
ventions taken regardless of the laboratory hemostasis
profile. Difficult venipuncture in a small baby may
give misleading laboratory coagulation results, espe-
cially for platelet function, and repeat samples may be
required when there is evidence of hemolysis or clot-
ting in the tube. Care should be taken to use 
a 21-gauge needle (in the neonates a 22- or 23-gauge
needle may be required) whenever possible with 
minimal stasis to avoid abnormal activation. Under-
filling of the trisodium citrate blood collection tube 
is a common occurrence and should be avoided.
Specimens from cord blood are of great value in
neonates known to be at risk of an inherited 
bleeding disorder and should be planned prior to
delivery. Although cord blood can be an important
source for diagnostic material in neonates, some fac-
tors have to be considered. In 50% of newborns with
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severe hemophilia the diagnosis is not suspected and
cord blood is not available for diagnosis.
Furthermore, delivery mostly takes place outside
office hours and plasma must be frozen directly for
tests of hemostasis.

In the neonate there is immaturity of the hepatic
gamma-carboxylation steps of vitamin K-dependent
coagulation factor production, factors II, VII, IX, 
and X as well as vitamin K deficiency and thus the
exclusion of congenital factor deficiencies is difficult.
Disseminated intravascular coagulation (DIC) and
liver disease, although uncommon, may complicate 
the hemostatic picture. Mean values of factor V, XI,
and XII are lower than adult values and vary with age 
[7]. Prematurity further complicates interpretation 
of these values. Furthermore, difficulties in establish-
ing normal values in neonates makes interpretation 
of measured values difficult, especially against the
usual adult normal ranges. To this end, guidelines
have been developed as well as reference ranges for 
the neonate.

Genetic tests are seldom helpful at birth since 
clinical decisions and interventions especially in the
bleeding child may be urgent and depend heavily on
accurate laboratory assessment.

Factor assays are required in all babies at risk of a
bleeding disorder or in cases of unexpected bleeding
and before surgical procedures such as circumcision.
Intramuscular injections and venipunctures must be
avoided until a bleeding disorder is excluded. Hepatitis
B immunizations should be given intradermally, vit-
amin K orally [12] and compression should be carried
out on all blood puncture sites (Fig. 12.1).

Hemophilia A and B

Factor VIII attains adult levels at birth. A history of a
known mother carrier or a family history of hemo-
philia is very helpful. The cord blood of newborn boys
of women known to be carriers should be tested. The
activated partial thromboplastin time (APTT) is typic-
ally prolonged in hemophilic boys, although borderline
normal results are also possible in milder deficiencies
and thus specific factor level measures are required.
The levels should be measured within 2 hours for
accurate results. Accurate and quick diagnostic levels
in the offspring of female carriers allows for early
management of newborns at risk.

Factor IX levels, in contrast, are low at birth and
appropriate age-adjusted normal ranges [7] are essen-
tial if a factor deficiency is suspected. It is also import-
ant to rule out vitamin K deficiency, and a trial of 
vitamin K may be appropriate. Liver disease and dis-
seminated intravascular coagulation (DIC) must be
excluded as well in newborns who bleed unexpectedly.

Any newborn with unexpected bleeding from punc-
ture sites, surgical interventions, such as circumcision,
or easy bruising or bleeding from organs should be
suspected of having hemophilia and measurements of
coagulation factor VIII and factor IX levels should 
be made.

von Willebrand disease 

Antenatal diagnosis is rarely performed in women
with von Willebrand disease (VWD), except for babies
at risk of type 3 VWD, hence expectant manage-
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(b)(a)

Fig. 12.1 Clinical picture of severe hemophilia. (a) Large muscle and subcutaneous bleed after venous puncture for laboratory
tests. (b) Large muscle and subcutaneous bleed with compartment syndrome.
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ment is the rule. In newborns at risk for VWD, levels of
VWF:Ag, RCoF:Ag and FVIII:C should be measured
in cord blood. Normal values may be sufficient to
exclude severe forms of VWD in at-risk cases but
milder forms may be missed because of increases in
these levels induced by the stress of labor [13]. Levels
of VWF reach adult levels by 6 months. Type 2b VWD
should also be suspected in newborns with a family
history and a low platelet count, which may decrease
further after stress.

Platelet function disorders

Neonatal testing is not routinely done for the offspring
of women with mild, qualitative, or functional platelet
defects since neonatal bleeding, even in the most severe
Glanzmann and Bernard–Soulier disorders, is unusual.
Testing the parents of neonates is particularly import-
ant in neonates suspected of inheriting an autosomal
recessive type of platelet dysfunction problem such 
as Glanzmann thrombocytopenia or Bernard–Soulier.
The neonate is not at risk of inheriting the full func-
tional platelet defect unless the father is also a het-
erozygous carrier. It is important to have the paternal
carrier status investigated using flow cytometry and
the results known prior to delivery. Heterozygote 
carriers of Bernard–Soulier may on occasion be symp-
tomatic. Maternal antiplatelet antibody status is imper-
ative prior to delivery as well, since fetuses of either
disorder are at risk of alloimmune thrombocytopenia
and potentially related ICH. Moderate to severe
thrombocytopenia in the order of 30 × 109 may be
seen occasionally in newborns with Bernard–Soulier
and large platelets may be seen on the peripheral blood
smear. The platelet count and morphology is typic-
ally normal in individuals with Glanzmann disease. In
cases where diagnosis is imperative due to genetic trans-
mission or clinical bleeding, flow cytometry should 
be performed on the neonatal blood and platelet 
function tests should be carried out in specialized centers.
Patients with Glanzmann disease will have a decrease
in the number of glycoproteins on their membranes.
Absent aggregation to ristocetin is diagnostic of Bernard–
Soulier syndrome, whereas isolated aggregation to ris-
tocetin is characteristic of Glanzmann disease.

Neonates at risk of inheriting autosomal dominant
platelet function disorders are at risk of bleeding, and
the platelet count and function may be measured to
triage infants at birth [10].

Acquired deficiency of the vitamin 
K-dependent coagulation factors and vitamin K
deficiency bleeding in infancy

Factors II, VII, IX, and X are vitamin K-dependent
coagulation proteins and are typically decreased in the
newborn. These reduced levels have been attributed to
liver immaturity and can be expected to attain normal
adult levels in normal children. Severe deficiencies 
of these factors because of deficiency in vitamin K 
may lead to a hemorrhagic diathesis in the newborn 
called vitamin K deficiency bleeding (VKDB) in infancy.
Typically, the international normalized ratio (INR) 
is prolonged together with a normal fibrinogen and
platelet count. Bleeding may be in any form, including
ICH, and is preventable and rapidly corrected by the
administration of vitamin K. Prolonged jaundice and
failure to thrive are predisposing conditions for VKDB.
Malabsorption of vitamin K and poor oral intake 
are other causes of secondary vitamin K deficiency.
Vitamin K replacement in the newborn should be
instituted to prevent this bleeding.

Since clotting factors may be low because of vitamin
K deficiency, it is difficult to diagnose congenital defici-
encies of these factors in neonates except for severe
deficiencies. All neonates at risk should have factor
levels measured on cord blood and should be retested
both after a vitamin K challenge and when older.
Parental testing for congenital coagulation factor
deficiencies prior to pregnancy is useful to identify
neonates potentially at risk and to orient coagulation
screening at birth. Neonates born to individuals from
consanguineous parents are at high risk of severe
bleeding diatheses in double heterozygous or homozy-
gous forms.

Rare coagulation factor deficiencies in the newborn

Fibrinogen, coagulation factors II, V, VII, X, XI, XIII.
See also Chapter 5.

Inherited disorders of fibrinogen, a hypofibrinogen-
emia and dysfibrinogenemia, are uncommon disorders
with a higher incidence in children of consanguineous
parents. The mode of inheritance of dysfibrinogenemia
may be autosomal dominant and the clinical phenotype
is variable, ranging from asymptomatic to hemorrhagic
or thrombotic. Neonates at risk for afibrinogenemia
because of consanguineous parents should have levels
measured. Typically the prothrombin time (PT) and
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APTT are prolonged but on occasion can be normal.
Thrombin time is a more sensitive test to diagnose
dysfibrinogenemia. Dysfibrinogenemia in a neonate
should be assumed if the mother is affected and appro-
priate precautions taken, especially since dysfibrino-
genemia is particularly difficult to diagnose in the
neonate because of physiologic or acquired dysfibrino-
genemia, especially in premature babies. Dysfibrino-
genemia with a bleeding phenotype is serious in the
neonate and appropriate precautions should be taken
to avoid bleeding.

Factor II deficiency is the rarest inherited bleeding
disorder and is inherited in an autosomal recessive
manner [11]. Newborn bleeding is unusual. The PT
and APTT may both be prolonged. Factor II levels
may be measured in at-risk neonates but levels must be
interpreted in light of age-corrected reference values
[7].

Factor V deficiency is an autosomal recessive con-
dition and severe disease is rare except in consanguine-
ous parents. The PT and APTT may be prolonged.
Factor V levels should be measured in at-risk babies
since ICH is reported in severe cases [11]. Levels
increase during the first month of life and so levels
should be repeated to exclude mild deficiency.

FVII deficiency is the most common of the rare
bleeding disorders and is inherited in an autosomal
recessive manner. There is a relatively poor correla-
tion between factor VII deficiency and bleeding. The
PT is usually prolonged. This disorder is difficult to
diagnose in the newborn owing to low physiologic 
levels in the newborn. When factor levels are low,
screening the parents may be helpful to establish a
diagnosis.

Factor X deficiency is a rare autosomal recessive 
disorder and severe cases are more frequent in con-
sanguineous parents. Neonates with severe factor X
deficiency can have significant bleeding. Both the PT
and APTT may be prolonged compared with age-
adjusted normal ranges. Definitive diagnosis is made
with measurements of factor X after typically finding 
a prolongation of the PT and APTT on coagulation
assays. Levels are physiologically low in the neonate,
making age-related references imperative for proper
interpretation. Newborn levels for diagnosing a severe
deficiency are reliable.

Factor XI deficiency is autosomally inherited, with
the most severe deficiencies being found in homozy-
gotes or compound heterozygotes. Bleeding also occurs

in heterozygous deficiency. It is a rare deficiency in the
general population but symptomatic disease is more
common in Ashkenazi Jews in whom the prevalence of
two common mutations is high. Spontaneous bleeding
is rare and bleeding typically occurs postoperatively or
post-traumatically. On account of its variable bleed-
ing tendency an effort should be made to identify
infants at risk of bleeding antenatally. There is also a
predilection to bleed in areas of the body where there
is high fibrinolytic activity – the mouth, nose, and gen-
itourinary tracts. ICH in factor XI-deficient infants
has not been reported. Prenatal diagnosis is usually
reserved for cases only where there is a risk of severe
deficiency. In factor XI-deficient neonates the APTT
may be prolonged compared with age-adjusted normal
levels. In babies at risk, factor XI levels should be 
measured on the cord blood and may prove useful to
assess bleeding risk in neonates who may be circum-
cised. Tranexamic acid may be given to neonates with
a more severe deficiency to prevent bleeding during
circumcision [14]. Neonatal levels are approximately
50% lower than adult levels and increase with age 
[7, 15], thus mild factor XI deficiency cannot be diag-
nosed with certainty in a neonate. Repeat testing at a
later time may be required to exclude mild factor XI
deficiency.

Severe factor XIII deficiency leads to a severe pheno-
type with possible ICH as the cause of death in about 
a third of affected individuals. Severe cases with levels
under 1% are at greatest risk of spontaneous and
severe bleeding. Routine coagulation studies are normal 
and clot lysis assays or specific factor XIII enzyme-
linked immunosorbent assays (ELISAs) are necessary
to diagnose this deficiency, especially since the PT and
APTT are typically normal. All coagulation screening
should include a factor XIII assay to exclude this life-
threatening bleeding disorder.

Bleeding in the newborn

The first symptoms of bleeding in a child with a severe
bleeding disorder can appear directly after delivery.
Cephalohematoma is a typical but relatively uncom-
mon presentation of hemophilia and other bleeding
disorders in the newborn. Umbilical stump bleeding
may be diagnostic of hemophilia and FXIII deficiency
and disorders of fibrinogen. Serious bleeding may also
be encountered following venipuncture, intramuscular
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injections, after circumcision, and following surgery.
Such procedures should be avoided or at least deferred
temporarily in neonates suspected of a bleeding dis-
order until a specific diagnosis can be established.

Spontaneous bleeding, especially from mucous mem-
branes may also be seen and should be controlled with
non-specific and specific hemostatic agents. Abnormal
bruising is a hallmark sign of hemophilia, with mus-
cular bleeds and hemarthroses being more typical 
of hemophilic bleeds in older children. Circumcision
should be deferred until a bleeding disorder is excluded.
Most children do not develop any signs until the age 
of 8 months, when they become more mobile. ICHs
occur more frequently in the postnatal period than in
any other period of life.

Intracranial hemorrhage

The mode of delivery is highly associated with the
occurrence of ICH. Most ICHs have occurred after
invasive procedures. Therefore, the use of vacuum
extraction and scalp vein sampling is contraindicated
in children with an increased risk of bleed-
ing. Some physicians advocate delivery by cesarean
section. Apart from higher morbidity that the mother
will have in future pregnancies and deliveries, there is
a traumatic risk for the child.

The occurrence of ICH is associated with a high risk
of severe neurologic damage. It has been shown that in
boys who received adequate clotting factor adminis-
tration, there was a high risk of long-term sequelae
[16]. Therefore it is important that ICH is suspected in
every child born after a traumatic delivery. Hemostasis
should be corrected for 7–10 days after delivery.
Although imaging techniques are helpful in making
the diagnosis of ICH, it is not logical to wait for
abnormal imaging before treating in the case of a child
with impaired hemostasis.

ICH and extracranial hemorrhage (ECH) hemophilia
occurred in 3.58% of newborns with hemophilia [17].
ICH is the leading cause of mortality and morbidity 
in hemophilia. These hemorrhagic complications are
particularly dreadful, especially considering that 38%
or more lead to late neurologic sequelae [17]. There is
a 22.8% mortality rate reported in newborns with 
and without hemophilia and subgaleal hemorrhages.
There is no clear evidence that the mode of delivery
affects the outcome in hemophilic babies, although
there is still controversy over this issue. Current guide-

lines do not clearly address optimal peripartum man-
agement of affected or potentially affected fetuses
born to mothers with bleeding disorders. All babies
with suspected hemorrhagic disorders are managed
safely with special attention to avoid instrumentation
for vaginal deliveries except in certain situations, such
as women who are carriers of hemophilia in whom
prophylactic cesarean section is considered.

ICH is defined as any bleed occurring within the
cranial cavity. ECH is defined as a hemorrhage occur-
ring outside the cranial cavity, including subgaleal and
cephalohematoma. Both may be life-threatening and
can present with signs and symptoms of hypovolemia,
including hemodynamic instability. In a study from
Sweden, the total incidence of ICH and ECH was
14.5% in 117 hemophilic newborns – 12 with ECH,
four with ICH and one with a retro-orbital hemor-
rhage [6]. In a survey from the USA, there were 109
episodes of cranial hemorrhage – 71 or 65% ICH 
and 38 or 35% ECH – in 102 newborns with hemo-
philia. Among the 71 episodes of ICH, there were 
13 subdermal hematoma bleeds, 10 intracerebellar
hemorrhages, three subarachnoid hemorrhages, two 
intraventricular–periventricular hemorrhages, one
epidural hemorrhage, and one retro-orbital bleed. Six
newborns had combinations of bleeds [18].

ICH from other factor deficiencies are rare. How-
ever, ICH has been reported to occur in 30% of factor
XIII-deficient children [19].

Two-thirds of bleeds are ICH and one-third ECH 
in studies where the site of delivery is reported. It
seems that ICH occurs irrespective of the severity of
the hemophilia. In most published series the major-
ity of newborns with ICH and ECH were hemo-
philia A rather than hemophilia B [17]. In part, this is
explained by the higher frequency of hemophilia A
than B. In this series, of the 35 cases of ICH and ECH
in hemophilia A (87.5%), 22 were severe, 10 moder-
ate, and three mild, whereas of the five hemophilia B
newborns representing 12.5% of all ICH and ECH
bleeds, one was severe, two were moderate, one mild
and one unknown.

Practices regarding the use of cranial ultrasound
scanning (USS) to detect the presence of early ICH 
and the administration of routine prophylaxis after
delivery remains controversial. Only 16% and <6% of
hemophilia treatment centers (HTCs) in the UK and in
the USA had written guidelines for the management of
neonates [18, 20]. Further controversy exists over the
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choice of imaging technique between cranial ultra-
sound and computed tomography scan for screening
and diagnosing ICH.

Routine use of cranial ultrasound in all neonates
with severe hemophilia was reported in 17 of 42
(41%) responses in a nationwide UK survey. A 
further 38% (16/42) would scan electively in specific 
circumstances where the chance of bleeding is high,
such as following instrumented delivery or prolonged
labor. The remaining individuals representing 21%
would perform an ultrasound only in the presence of
signs and symptoms of bleeding. A slightly higher per-
centage of survey respondents (47–61%) would opt
for routine use of cranial ultrasound before hospital
discharge in neonates with severe factor VII, FX, and
FXIIII deficiencies [20]. Similar diversity in practice
exists in the USA, where only 48% of respondents
would check for ICH in male fetuses at risk for hemo-
philia and only 10% in those with a negative family
history [18].

Forty percent of hematologists preferred routine
administration of clotting factor concentrates immedi-
ately following birth to offset the trauma of delivery
prior to hospital discharge and 60% were opposed to
routine prophylaxis, although overall 89% favored
early prophylaxis [18]. In the UK 19% (8/42) of phy-
sicians would consider the use of short temporary pro-
phylaxis for all cases of severe hemophilia whereas a
further 50% (21/42) would consider primary prophy-
laxis for potentially traumatic or premature deliveries
[20].

The mean time of diagnosis of ICH in hemo-
philiacs is 4.5 days after delivery. Although the cranial
ultrasound technique is non-invasive, it may miss some
intracranial types, primarily subdural hemorrhages
and posterior fossa bleeds, and may not detect earlier
bleeds prior to discharge [21].

The incidence of an ICH with clinical symptoms is
low but by actively looking for neonates with any sign
of ICH, the diagnosis will be established without any
symptoms. As a consequence, patients will receive
intensive treatment when only a small bleed is diag-
nosed on the ultrasound. Moreover, a single dose of
coagulation factor directly after birth will probably
only delay the symptoms of ICH and is inadequate
treatment.

Treatment for a suspected ICH requires 10–14 days
of complete correction of hemostasis. This intensive
therapy at such an early age seems to give a much

higher chance of developing a high titer inhibitor
against factor VIII [22]. If the ultrasound is performed
within the first 24 hours, later hemorrhages will be
misdiagnosed. Prospective studies are required to elu-
cidate the benefit of early diagnostic head ultrasound
in all children born with severe bleeding disorders.

Choice for mode of delivery

Please refer to Chapter 10.
Instrumented deliveries can greatly increase the risk

of bleeding and should generally be avoided in affected
newborns or at-risk newborns. Vacuum extraction
and high forceps seem to lead to the highest incidence
of ICH and ECH, with low forceps and unassisted
vaginal delivery being the least problematic. It is unclear
whether cesarean section protects against this risk.

Arguments in favor of cesarean section relate to
the safety of the baby: ample timing and planning the
delivery to coordinate care for mother and baby, con-
venience for planning, and avoiding cases of protracted
labor and or arrest of labor, which may lead to instru-
mentation and possibly cesarean section, respectively,
each increasing significantly to neonatal head trauma
and hemorrhage risk.

Treatment

When a correct diagnosis has been made, the most
appropriate treatment is correction of the missing
coagulation factor. For hemophilia A and B both 
recombinant and plasma products are available. A
high purity plasma product and a recombinant pro-
duct are available for FVII. Only plasma products are
currently available for VWD. Recombinant von
Willebrand-containing products are currently in
development and should be available shortly. For
other factor deficiencies fresh-frozen plasma is the
product of choice. The duration of treatment depends
on the type of bleeding and the location.
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Introduction

Previous chapters of this book have shown the impact
of bleeding disorders on women. Many women suffer
a reduced quality of life [1] due to the symptoms of
bleeding disorders as well as adverse medical events
such as postpartum hemorrhage or prolonged bleed-
ing after surgery. Many of these women, however, are
not aware that their symptoms are abnormal and they 
do not seek medical advice. Even when they seek help,
diagnosis of bleeding disorders is overlooked and
appropriate treatment is not provided because of lack
of awareness among their caregivers [2].

In a survey, conducted by the Haemophilia Society of
the UK [3], among 539 women aged 16–45 years, 18%
worry that their period is not normal; 45% believe
that doctors say everything is normal when they con-
sult about a period problem; and 12% have had to
take at least 1 day off work or school each month
because of their periods. Even those women with
severe discomfort or prolonged bleeding show accept-
ance of their situation and see it as “bad luck” rather
than a physical cause and they are not sure where to go
for additional advice other than the GP. Below are
examples of comments made by some of the women.

sometimes I have sat down on a chair and I think I
can’t get up now, I have made a mess of myself and
it’s so embarrassing.

I haven’t found a proper pad where I can go for
more than 2 hours.

It’s not like there’s something called an organiza-
tion for women with heavy periods.

If you have had bad periods for God knows how
many years you think: I have had it for the last 
6 years, what is the point of going (for help)? What
can they do? You just plod on.

Over the last decade, there have been increasing 
and successful efforts by patient advocacy groups and
organizations to raise awareness of inherited bleed-
ing disorders in women among the public as well as
the healthcare professionals. A Women’s Task Force
has been developed within the national Haemophilia
Society/Foundation in many countries. Their role has
been crucial in the campaign to raise the profile of
women’s bleeding disorders, lobbying governments,
and fund raising to promote research in the field as
well as means of providing information and support
for these women.

“Women Bleed Too”: Haemophilia
Society – United kingdom

Women Bleed Too was launched in 2005 by the
Haemophilia Society in the UK with the aim to create
a society in which bleeding disorders are recognized
conditions among women and appropriate treat-
ment and support are offered to all those diagnosed 
(Fig. 13.1). The work is guided by an active and com-
mitted women’s board. The board comprises specialist
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healthcare professionals and affected women, who
provide advice and guidance for the project.

A 3 year project was set up in 2005 with the object-
ive of promoting appropriate diagnosis and treatment
of women with symptoms of bleeding disorders by
achieving the following goals:
1 Increase referral of women from primary care and
gynecology clinics for appropriate assessment.
2 Increase the number of women members in the
Haemophilia Society so that women make up 50% of
the Society’s overall membership.
3 Increase the average monthly number of helpline
enquiries from affected women.

To achieve these goals, media campaigns were
undertaken to reach the general public. A public rela-
tions company was employed to place stories within
the media targeting different age and ethnic groups
[3]. The project conducted a research project looking
at various menstrual issues among women and young
girls. The findings of the research, supported by case
studies from women diagnosed with a bleeding dis-
order, led to a large number of press releases and gen-
erated various publications in the media. Following
these media campaigns, there was an average of 550
unique visitors to the Women Bleed Too website per
month and increasing calls to the helpline.

To reach health professionals and raise the aware-
ness of the needs of women with bleeding disorders,
the project holds a stand in relevant health professional

conferences and organizes workshops and seminars
for professionals. The importance of a multidisciplinary
approach was soon realized and a first multidisciplin-
ary seminar “Current Thinking in Women’s Bleeding
Disorders and Haemostasis” was held and attracted
hundreds of healthcare professionals from a wide 
variety of disciplines ranging from GPs, nurses, mid-
wives, women’s groups, and health charities. The con-
ference led to links with a number of key groups and 
professionals.

After the success of the first 3 year project, the
future strategy will build on the project’s foundations
and strengths and incorporate findings from regular
needs assessment of women.

Providing information, support, and raising aware-
ness are the pillars for advocacy for these women.

Training tool for health professionals

A training tool was developed to increase awareness
among health professionals in the primary care sector
(Table 13.1) [4]. Coventry University, UK, was com-
missioned to pilot the tool locally, and their recom-
mendations were incorporated into the final version of
the tool. The tool includes a brief text that provides the
health professionals with the following information:
1 The symptoms, diagnosis, and management of
bleeding disorders in women.
2 Genetics/inheritance patterns.

Fig. 13.1 Logo for Women Bleed Too.

Table 13.1 Key messages from the training tool

Women can have a bleeding disorder 
• VWD is the most common of these: 1% of the UK
population (300 000) is estimated to have this inherited
bleeding disorder that affects both males and females 
• Carriers of hemophilia A and B can be symptomatic 
The indicative symptoms of a bleeding disorder are: 
• Heavy and prolonged periods 
• Frequent or heavy nosebleeds 
• Easy bruising, prolonged bleeding from small cuts 
• Heavy or prolonged bleeding after a tooth extraction,
surgery or childbirth 
• A family member with heavy periods or any of the above
symptoms 
Bleeding disorders adversely affect quality of life especially if
undiagnosed
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3 The psychosocial impact of having a bleeding dis-
order, particularly when it is left undiagnosed.
4 Sources of support and information.

The tool also has 20 multiple-choice questions,
offering professionals a chance to test their knowledge
in the area. The tool will be used as an online learning
resource hosted on the “Women Bleed Too” website.

Publications

A magazine Female Factors is produced by the Haemo-
philia Society twice yearly as a mean of increasing
awareness, sharing information, and providing support.

It has been recognized that there is a lack of 
information leaflets and guides addressing specific
issues for girls and women with bleeding disorders. 
“A guide for women living with von Willebrand dis-
ease” was published in 2007. Several thousands of
copies have been distributed. A publication targeting
girls and young women with bleeding disorders, based
on their experiences, is in production. Work is also 
in progress for providing these leaflets in different
community languages.

Website

www.womenbleedtoo.org.uk went live in 2006, pro-
viding another opportunity for women to obtain and
share information and ideas. A section with informa-
tion for healthcare professionals is being developed to
include the online training tool.

Helpline

The Haemophilia Society runs a free telephone and
email helpline. Information and support is offered on
a range of issues: carriers with and without symptoms;
undiagnosed women with heavy periods; critical times
such as contemplating pregnancy; genetic counseling;
childbirth; and dental treatment.

A list of women willing to support each other
through the telephone network and website discussion
forum is being developed.

Guidelines on care and treatment

The Haemophilia Society was a stakeholder in the
submission to the National Institute for Health and

Clinical Excellence (NICE) [5] for its guidelines on
the management of heavy menstrual bleeding. As a
result, inherited bleeding disorders, specifically von
Willebrand disease (VWD), were accepted as a risk
factor and recommendations on testing for these 
disorders are addressed in the guideline.

Women Bleed Too was also involved in a UK Haemo-
philia Centre’s Doctors Organisation (UKHCDO)
commissioned task force to produce guidelines on 
the management of women with bleeding disorders:
“The Obstetric and Gynaecological Management of
Women with Inherited Bleeding Disorders” [6]. This
guideline is available on the Women Bleed Too website.

Poster and checklist

As part of the awareness-raising campaign, a poster
and checklist flyer (Table 13.2) were developed listing
the key symptoms of a bleeding disorder. These 
were piloted in GP surgeries in the South West and
Midlands area of England. A recent evaluation sug-
gested that the checklist could have a bigger impact
through other venues such as gynecology clinics.
The poster has now been distributed to all Haemo-
philia Centres, community family planning clinics,
and gynaecological nurses.

Project Red Flag: United States advocacy
efforts for women with bleeding
disorders

National Hemophilia Foundation and the Centers
for Disease Control

In early 2001, a strategic plan for Project Red Flag
(PRF) [7]: Real talk about women’s bleeding disorders
was developed by the National Hemophilia
Foundation (NHF) (Fig. 13.2). PRF is a public aware-
ness and education campaign aimed at outreach and
educationfor women and education for healthcare
providers about the symptoms of bleeding disorders
[8–13]. Although concerned about all women’s bleed-
ing disorders – rare disorders, platelet disorders, mild
to severe hemophilia in women, and other bleeding dis-
orders, PRF strategically focused on the most preva-
lent bleeding disorder, von Willebrand disease. The
PRF has three main goals to:
1 Increase the number of women with VWD who are
diagnosed and properly treated.
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2 Reduce inappropriate treatment of women with
bleeding disorders.
3 Establish the National Hemophilia Foundation as
the resource for women with bleeding disorders, con-
necting women to the NHF, chapters, independent
associations, and hemophilia treatment centers.

Core strategies to achieve PRF’s objectives from the
early plan have evolved over the years. Initial and
evolved strategies are now to:
1 Prepare women and their healthcare providers to
discuss VWD and pursue appropriate treatment.
2 Define basic information needs for women with
possible bleeding symptoms at different decision
stages and tailor information to those stages.
3 Engage NHF chapters, independent associations
and hemophilia treatment centers in local initiatives to

identify undiagnosed women with VWD and other
bleeding disorders.
4 Develop strategic alliances and information links
with key health, women, minority, academic and gov-
ernment organizations.
5 Help women’s healthcare providers identify and
establish a relationship with bleeding disorder special-
ists at HTCs.
6 Offer meaningful benefits for women with VWD to
encourage them to establish a relationship with NHF
and with its chapters/associations.

To raise awareness in the general population of
women, PRF needed a basic piece of information – it
should signal the leading symptoms that could mean
an underlying bleeding disorder or VWD. This basic
information card, “Heavy Periods – or a Bleeding
Disorder?,” designed in a slim-format handout,
known as a “slim jim,” was created for use at women’s
health fairs, general health fairs, doctors’ surgeries and
for distribution through any other relevant channel
for reaching women.

The companion piece to this “slim jim,” is “Facts
You Should Know About Bleeding Disorders,” a
larger, two-sided card, which again lists the symptoms
and offers such helpful facts as who can best diagnose
a bleeding disorder, how to contact a local chapter,
and the following points:
1 It’s a myth that women cannot have a bleeding 
disorder! Women can have VWD as well as platelet
disorders, factor deficiencies, and hemophilia.

Table 13.2 Bleeding disorder checklist flyer

Women bleed too 
If you have more than one of the symptoms below you may

have a bleeding disorder 

Do you . . . ? 
Have heavy and prolonged periods 
Have frequent or heavy nosebleeds 
Bruise easily or have prolonged bleeding from small cuts and

scratches 
Have experience of heavy or prolonged bleeding after having

a tooth removed, surgery or giving birth 
Have a family member with heavy periods or any of these

symptoms 
1% of the population is estimated to have von Willebrand

disease, an inherited bleeding disorder that affects both
males and females

There is currently no cure for von Willebrand disease but in
most cases symptoms can be treated easily

Diagnosis of a bleeding disorder is vital to prevent
complications following surgery, accident or childbirth

What do I do next . . . ? 
If you think you might have a bleeding disorder then talk to

your GP and ask him/her to refer you to a hematologist
for investigation. 

Contact us for further information, Women Bleed Too 
is a project of the Haemophilia Society and can be 
contacted on: 

Helpline 0800 018 6068 (Mon–Fri 10 am–4 pm)
womenbleedtoo@haemophilia.org.uk
www.womenbleedtoo.org.uk

Fig. 13.2 Project Red Flag logo.
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2 Although it is estimated that 1 or 2 in 100 people
can have VWD, very few are ever properly diagnosed.
Most people who have VWD are unaware of it.
3 A good place to find a hematologist who specializes
in bleeding disorders is at a HTC, a federally sup-
ported health center that focuses on the treatment 
of bleeding disorders. You can locate your nearest
HTC at www.hemophilia.org or by calling 800 42-
HANDI.
4 If you suspect you may have a bleeding disorder,
discuss your symptoms with your doctor or healthcare
professional. If you need more information or further
help, please call the National Hemophilia Foundation
at (800) 42-HANDI or write to info@projectredflag.org.

PRF also developed a brochure “For You and Your
Doctor,” to target women with bleeding symptoms
such as heavy periods or chronic nosebleeds wanting
to discuss these symptoms with their physicians. The
brochure contains key information for the patient and
for the physician. For those women and girls who had
already been diagnosed “Tips for Living with Your
Bleeding Disorder” was created. Highlights from this
brochure are:
1 It is important to visit your local hemophilia treat-
ment center to manage your bleeding disorder. Your
HTC can provide you with the latest information,
treatment and care.
2 Make sure your healthcare providers (dentists,
obstetricians and primary care physicians) know you
have a bleeding disorder to help you receive integ-
rated and appropriate care.
3 You’re not alone! The National Hemophilia Founda-
tion can provide information, support and networking
opportunities . . . Call (800) 42-HANDI or write NHF
at info@projectredflag.org for more information.

Next steps for Project Red Flag

A barrier to raising awareness about women’s bleed-
ing disorders has been the lack of medical consensus
on diagnosis and treatment of VWD; and even on
what to call it – disease, disorder, or risk factor. The
National Heart, Lung and Blood Institute (NHLBI)
produced guidelines for diagnosis and management 
of VWD [14]. In the next phase of its work, PRF will 
be printing and distributing the final version of the 
guidelines to healthcare providers. The guidelines will
also be translated into a reader-friendly, brief-
format document for the public, describing VWD, its

causes, symptoms, treatment, and tips for living with
this bleeding disorder. These guidelines will represent
the closest thing to medical consensus for diagnosis
and treatment of VWD. The NHF will use the guide-
lines as a vehicle for overcoming existing barriers in
communicating PRF messages.

As part of PRF’s strategy to target adolescents, the
NHF will provide to all chapters and associations a
curriculum on women’s bleeding disorders for middle
school and high school health educators. This cur-
riculum, POWER, originally developed by the Great
Lakes Hemophilia Foundation, is designed for health
educators to use with their classes, teaching adolescent
boys and girls about bleeding disorders and that any-
one can be affected. The teachers in a school district
are introduced to the curriculum through an in-service
training day, conducted by chapter and HTC profes-
sionals and consumers.

In a two-pronged approach to reaching adolescents
in schools, along with the POWER program, PRF will
work with school nurses. The nurses will learn about
the American Academy of Pediatrics and ACOG 
“normal” period definition and they will be provided
with a checklist of bleeding disorder symptoms as out-
lined in Table 13.3.

NHF will use its annual Washington Days, during
which patients and families advocate for their needs
with federal legislators in Washington, DC, to pro-
mote the NHLBI Guidelines and the unmet needs 
in the area of research, and diagnosis and treatment 
of women with VWD and other bleeding disorders.
Understanding the need for advocacy for women’s
bleeding disorders and the sharing of best practices on
the international level, PRF is working with NFH 
to help establish and strengthen a world coalition for
women’s bleeding disorders.

LadyBugs

LadyBugs is an organization dedicated to identifying
and providing support for women with bleeding dis-
orders (WWBDs). It provides support though social
events, education of staff and patients, networking in
part through a toll-free telephone number and web
email, and empowerment through inspirational and
motivational contacts and positive associations. The
LadyBugs logo symbolizes women putting their heads
together to help each other. For further information,
the contact is Barbara Forss: barbforss@yahoo.com
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Canadian Hemophilia Society advocacy
initiatives for women with bleeding
disorders

The first recognition of women with bleeding disorders
was in the early 1990s when HIV support groups
organized by the Canadian Hemophilia Society (CHS)
included women affected by HIV (Fig. 13.3). It was
realized some women were infected through blood
transfusions because of a bleeding disorder. Subsequ-
ently, lack of recognition, information and support for
women with bleeding disorders was recognized by the
CHS and the Women’s Task Force was formulated in
1995. The task force includes women with various bleed-
ing disorders, two nurse coordinators, a gynecologist,
and two hematologists.

With the main goals of increasing awareness and
providing support for women with bleeding disorders,
the following strategies were planned and achieved:
1 The Female Factor column in the CHS newsletter
“Hemophilia Today” was created in 1996 and is still
ongoing. The column includes various topics, from
personal stories to the latest in treatment options and
research to specific medical information. A resource
binder for women that included articles and informa-
tion about all types of bleeding disorders as they per-
tain to women was developed by the CHS. Presentations
about women’s issues were included in the provincial
workshops.
2 During the second national conference on compre-
hensive care (Winnipeg II) in 1998, women’s issues
were brought forward as a specific need for the first
time, including their access to comprehensive care
programs. The first CHS session for women with
bleeding disorders was held during the CHS Bi-annual
Medical Symposium in 1999.
3 In 2001, the VWD Public Awareness Campaign
was developed. A survey to measure awareness about
VWD among healthcare providers was conducted. A
public relations firm was hired to coordinate develop-
ment of key messages, identify and train spokespersons,
and launch a media campaign. Awareness tools tar-
geted at women are being developed, including posters,
brochures, folders, and reference materials in com-
munity newspapers and magazines, and a community
education kit on VWD developed by lay people for lay
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Table 13.3 School nurses checklist

Heavy periods or a bleeding disorder?
Do you need to change your tampon or pad within an hour

because it is saturated or leaks? Yes/No
Do you wake up from sleep to change your tampon or pad

because it is saturated or leaks? Yes/No
Do you pass clots larger than one inch in diameter? Yes/No
Do you ever need to use more than one tampon or pad at a

time? Yes/No
Have you ever been absent from school because of heavy

bleeding during your period? Yes/No
Do you bruise easily or have bruises accompanied by lumps

under the skin? Yes/No
Do you have prolonged bleeding after dental procedures or

after simple cuts? Yes/No
Do you get frequent nose bleeds? Yes/No
Do your nose bleeds last longer than 10 minutes? Yes/No
Are there other family members who have symptoms similar

to these? Yes/No
Have you been told by a medical professional that you are

anemic? Yes/No

These symptoms can be signs of a bleeding disorder. If a
woman answers yes to two or more of these questions,
encourage her to contact her healthcare provider for further
screening. For more information contact HANDI, the
information resource center of the National Hemophilia
Foundation: 800.42.HANDI handi@hemophilia.org
Visit: www.hemophilia.org and click on the Project Red 
Flag section for women.

Fig. 13.3 Canadian Hemophilia Society Logo.
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people. In 2003, the Bleeding Disorders Initiative was
launched. CHS developed a campaign to reach out to
all people with bleeding disorders, not just hemophilia
A or B or VWD. Pamphlets describing various other
rare factor deficiencies were developed. Public dis-
plays on bleeding disorders were set up across the
country in shopping malls, at women’s health fairs, in
hospitals. All documents produced by CHS are in
French and English.

Resource and publications

1 The CHS website was developed in 1999 with
specific information about women’s issues (www.
hemophilia.ca).
2 CHS also recognized the need to develop a way to
make the public aware of the prevalence of VWD and
reach out to healthcare providers and to people yet 
to be diagnosed with VWD. The VWD Advisory
Group was established by the CHS and includes hema-
tologists, family physicians, gynecologists, haemo-
philia clinic nurses and people affected by VWD. “All
About von Willebrand Disease,” the first ever compre-
hensive resource on VWD was published. One section
dealt specifically with women’s issues
3 A resource book for carriers of hemophilia VIII and
IX entitled All About Carriers was produced.
Contributors included carriers, parents of carriers, a
hematologist, an obstetrician, a nurse-coordinator, 
a social worker, a psychologist, a geneticist, and a
naturopathic doctor. All About Carriers was launched
during the CHS bi-annual medical symposium in
2007. A workshop was held for carriers from across
the country with medical presentations (heredity and
treatment options), a psychosocial session and a
workshop model to take back to provincial chapters.
4 Management guidelines: the CHS subcommittee on
women with bleeding disorders developed guidelines
on the management of women with bleeding dis-
orders, including guidelines for establishing a multi-
disciplinary clinic for women. In 2005, the Society of
Obstetricians and Gynecologists of Canada (SOGC)
published Clinical Practice Guidelines for Gynecolo-
gical and Obstetric Management of Women with
Inherited Bleeding Disorders [15], based on the 
women’s subcommittee document.
5 All About Teen Carriers: a CHS resource tool for
girls 9–16 years of age who are either obligate or pos-

sible carriers is being developed for publication in
autumn 2008.
6 The CHS organizes a National workshop to train
women from across the country to use the VWD
Community Education Kit. The workshop includes
medical presentations, public speaking tips, hands-on
practice for both visual presentations and kiosks and
discussion of opportunities to set up kiosks and/or do
provincial presentations.

The future

There is no doubt that the women’s advocacy pro-
grams have been successful and crucial in raising the
profile of bleeding disorders in women and improving
their quality of care and life. These efforts have led to
an increase in the number of women diagnosed with
these disorders and the number of women attending
the HTCs. In the USA, the number of women seen at
HTCs increased by 44% from 1998 to 2004 [16].
Despite this increase, there is no doubt that there are
many women for whom a bleeding disorder remains a
hidden disease and who are struggling for a diagnosis
and appropriate care.

Joint efforts among women’s advocacy groups,
interested professionals, and organizations as well as
the development of a group of “ambassadors” for the
women and bleeding disorders are of paramount
importance to increase awareness not only among
women and professionals but also with the govern-
ments. This will ensure continued progress and 
success of these projects. Collaboration between 
successful projects in the developed countries, such 
as Women Bleed Too in the UK, the Red Flag in the
USA, CHS in Canada, etc., and sharing strategies
across countries and cultures will make the initiative
an international priority and extend the benefits to
women in the developing countries.

Useful websites

www.womenbleedtoo.org.uk
www.haemophilia.org.uk
www.hemophilia.org
www.projectredflag.org
www.ladybugsupport.com
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www.hemophilia.ca
www.haemophilia.org.nz
www.hemophilia.org.au
www.womenshealth.about.com
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Symptom Score

Epistaxis

Cutaneous

Bleeding from 
minor wounds

Oral cavity

Gastrointestinal 
bleeding

Tooth 
extraction

Surgery

Menorrhagia

Appendix i
Bleeding score with assigned score
for each bleeding symptom

−−1

–

–

–

–

–

No
bleeding in
at least two
extractions

No
bleeding in
at least two
surgeries

–

0

No or trivial
(less than 5)

No or trivial
(< 1 cm)

No or trivial
(less than 5)

No

No

None done or
no bleeding in
one extraction

None done or
no bleeding in
one surgery

No

1

>5 or more
than 10′

> 1 cm and no
trauma

> 5 or more
than 5′

Referred at
least once

Associated with
ulcer, portal
hypertension,
hemorrhoids,
angiodysplasia

Referred in 
< 25% of all
procedures

Referred in 
< 25% of all
surgeries

Consultation
only

2

Consultation
only

Consultation
only

Consultation
only

Consultation
only

Spontaneous

Referred in 
> 25% of all
procedures, no
intervention

Referred in 
> 25% of all
procedures, no
intervention

Antifibrinolytics,
pill use

3

Packing or
cauterization or
antifibrinolytic

Surgical hemostasis

Surgical hemostasis
or antifibrinolytic

Surgical
hemostasis, blood
transfusion,
replacement
therapy,
desmopressin,
antifibrinolytic

Resuturing or
packing

Surgical hemostasis
or antifibrinolytic

Dilation and
curettage, iron
therapy

4

Blood transfusion
or replacement
therapy or
desmopressin

Blood transfusion
or replacement
therapy or
desmopressin

Blood transfusion
or replacement
therapy or
desmopressin

Blood transfusion
or replacement
therapy or
desmopressin

Blood transfusion
or replacement
therapy or
desmopressin

Blood transfusion
or replacement
therapy or
desmopressin or
hysterectomy
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Symptom Score

−−1 0 1 2 3 4

Postpartum 
hemorrhage

Muscle 
hematomas

Hemarthrosis

Central nervous 
system bleeding

No
bleeding in
at least two
deliveries

–

–

–

No deliveries
or no bleeding
in one delivery

Never

Never

Never

Consultation
only

Post trauma no
therapy

Post trauma no
therapy

–

Dilation and
curettage, iron
therapy,
antifibrinolytics

Spontaneous, no
therapy

Spontaneous, no
therapy

–

Blood transfusion
or replacement
therapy or
desmopressin

Spontaneous or
traumatic, requiring
desmopressin or
replacement
therapy

Spontaneous or
traumatic, requiring
desmopressin or
replacement
therapy

Subdural, any
intervention

Hysterectomy

Spontaneous or
traumatic,
requiring surgical
intervention or
blood transfusion

Spontaneous or
traumatic,
requiring surgical
intervention or
blood transfusion

Intracerebral, any
intervention
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The pictorial blood assessment chart (PBAC) (Fig. Aii.1)
consists of a series of diagrams representing lightly,
moderately and heavily soiled towels and tampons.
The numbers at the top of the chart represent the day
of menstruation. The women are instructed to insert a
mark in the appropriate box at the time each towel
and/or tampon is discarded and if sufficient they are
counted in groups of five. Passage of clots (size equated
with the size of different coins) and episodes of flood-
ing are also recorded. 

The woman is given the chart to complete with her
next menstrual period, with clear instructions and
explanation of how it should be used. An example of a
completed chart is also provided (Fig. Aii.2). After
completion, the woman returns the chart by post
(stamped addressed envelops are provided) or during
her next appointment to the clinic. The chart is scored
using the scoring system devised by Higham et al.
1990 (Fig. Aii.3). A baseline score is established, sub-
sequent treatment cycles are then assessed and success
can be indicated by a decreasing score. 

Appendix ii
Pictorial blood assessment chart 

Towel

Clots/Flooding

Clots/Flooding

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

Patient Name: Date of Birth: DD/MM/YY Hospital Number:

Date of Start: DD/MM/YY

Tampon

Clots: size of a coin = 1p/50p etc.

Fig. Aii.1 Menstrual pictorial chart.
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Towel

Clots/Flooding

Clots/Flooding

1 2 3 4 5 6

// / /

///

////

50p × 1 1p × 3

//

/ /

7 8

1 2

/

// /////

/ ////

// /

3 4 5 6 7 8Tampon

Clots: size of a coin = 1p/50p etc.

Date of Start: Score:

Fig. Aii.2 An example of a completed chart.

1 point

Towels

For each lightly stained towel

5 points For each moderately soiled towel

20 points If the towel is completely saturated with blood

1 point

Tampons

For each lightly stained tampon

5 points For each moderately soiled tampon

20 points If the tampon is completely saturated with blood

1 point

Clots

For small clots (size of 1p coin)

5 points For large clots (size of 50p coin)
Fig. Aii.3 Scoring system.
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activated partial thromboplastin time
2, 7, 57

prolongation in hemophilia 170
adolescent menorrhagia 18, 82–3
advocacy 176–83

Canadian Hemophilia Society 171,
181–2

Project Red Flag (US) 178–81, 179,
179, 181

publications 178
training tool for health professionals

177–8, 177
Women Bleed Too (UK) 176–8, 177

afibrinogenemia 100
neonatal 171–2
pregnancy 128–9, 137–8

therapeutic options 143
amenorrhea 18
amniocentesis 101, 103–4, 103

third trimester 104
analgesia

inhalational 152–3
opioids 153
regional (neuraxial) 153–8, 156,

157
androgens in menorrhagia 26
anesthesia

general 158
regional (neuraxial) 153–8, 156,

157
anovulatory cycles 13
antenatal diagnosis see prenatal

diagnosis
antenatal period 126–32
antifibrinolytics

menorrhagia 25–7, 75–8
platelet disorders 67
pregnancy 141–2
von Willebrand disease 49

Bernard–Soulier syndrome 65, 66
neonatal 169, 171
treatment 67

bleeding

dental work-related 4
during pregnancy 57
epistaxis 4
from cuts 4
gynecological causes 59

see also menorrhagia
neonatal 172–4

intracranial hemorrhage 163,
173–4

bleeding score 184–5
bleeding time 8
bruising 4

Canadian Hemophilia Society 171,
181–2

cephalohematoma 172
children

hemophilia testing 36–7, 37
see also neonates

chorionic villus sampling 101, 102–3,
102

cleavage stage biopsy 109–10
clinical presentation 3–5, 3, 5
clotting factor replacement 60–2

menorrhagia 81
pregnancy 142–3, 143

clotting factors
concentrates 39
deficiencies 3
neonate 164, 166, 166, 167–8
see also individual factors

coagulation pathway 2
contraceptive hormones in

menorrhagia 26, 78
cordocentesis 101, 104–5

danazol, menorrhagia 79
DDAVP

hemophilia A 38, 136
menorrhagia 27, 77
platelet disorders 67
pregnancy 140–1
von Willebrand disease 48, 49–50

dental work-related bleeding 4

desmopressin see DDAVP
dysfibrinogenemia 129

neonatal 171–2
dysmenorrhea 83
dysprothrombinemia 130

endometrial ablation 81–2
endometriosis 84
endometrium in menorrhagia 21–2
epistaxis 4
epsilon-amino caproic acid

platelet disorders 67
von Willebrand disease 48

ethamsylate, menorrhagia 78

factor II see prothrombin
factor IIa 2
factor V

gene characterization 58
pregnancy 125
rare blood disorders 61

factor V deficiency 2, 55, 71, 100
labor and delivery 133
neonatal 172
pregnancy 130, 138

therapeutic options 143
factor V/factor VIII combined

deficiency 2, 71, 100, 131
therapeutic options in pregnancy

143
factor VII

gene characterization 58
pregnancy 125

therapeutic options 143
rare blood disorders 61

factor VIIa 1
recombinant 62

factor VII deficiency 54, 55, 71, 100
labor and delivery 133
neonatal 172
pregnancy 130, 138

factor VIII
concentrates 50
gene characterization 58, 107

Index

Page numbers in bold represent tables, those in italics represent figures.
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labor and delivery 133
pregnancy 125
rare blood disorders 61

factor VIII activity to factor VIII-related
antigen ratio 34–5, 35

factor VIII deficiency see hemophilia A
factor IX 2, 34

gene characterization 107
labor and delivery 133
pregnancy 125

factor IX deficiency see hemophilia B
factor X

gene characterization 58
pregnancy 125

therapeutic options 143
rare blood disorders 61

factor X deficiency 55, 71, 100
labor and delivery 133
neonatal 172
pregnancy 130–1, 138–9

factor Xa 1
factor XI

gene characterization 58
pregnancy 125
rare blood disorders 61

factor XI deficiency 54, 55, 71, 131
labor and delivery 133
neonatal 172
PBAC score 74
pregnancy 131, 139–40

therapeutic options 143
factor XII, pregnancy 125
factor XIII

gene characterization 58
rare blood disorders 61

factor XIII deficiency 8, 55, 71, 100,
128

labor and delivery 133
neonatal 172
pregnancy 140

therapeutic options 143
fetal cord blood sampling 101, 

104–5
fibrin formation 1–2
fibrinogen

gene 58
pregnancy 125
rare blood disorders 61

fibrinogen deficiency 54, 55, 71
labor and delivery 133
see also afibrinogenemia;

dysfibrinogenemia;
hypofibrinogenemia

fibroids 84
follicle-stimulating hormone 13

gender determination, prenatal 105–7,
105, 106, 107

general anesthesia 158
genetic counselling

hemophilia 36, 36
prenatal diagnosis 99–101, 100

genetic/laboratory diagnosis 90–8
hemophilia A 90–4
hemophilia B 94–6
von Willebrand disease 96–7

Gillick Competency Test 37
Glanzmann’s thrombasthenia 65, 66

neonatal 169, 171
treatment 67

gonadotropin-releasing hormone 13
menorrhagia 26

gonadotropin-releasing hormone
agonists in menorrhagia 79

G-protein activation defects 66
gynecological causes of bleeding 59
gynecology 70–89

dysmenorrhea 83
menorrhagia see menorrhagia
menstrual blood loss 70–2, 71
ovulation bleeding 83–4

hemophilia 34–41
carriers

bleeding in 35–6
detection before pregnancy 37
detection of 36, 36
menorrhagia 37–8
pregnancy in 38–9, 38, 142
status of healthy children 36–7

genetic counselling 36, 36
genetics 35
inheritance 34, 35
laboratory diagnosis 34–8

clotting factor level 34
factor VIII activity to factor VIII-

related antigen ratio 34, 35
manifesting carriers 91, 94
neonatal 167–8, 170, 170
obstetric management 135–6

antenatal period 126–7
hemostatic changes in pregnancy

125
PBAC score 74
pre-implantation genetic diagnosis

111

prenatal diagnosis 107–8
hemophilia A 2, 34

carriers
labor and delivery 133
therapeutic options in pregnancy

143
family tree 91, 91
genetic diagnosis 91–2
incidence in females 90
problems in diagnosis 92–4, 93
X inactivation 90–1

hemophilia B 2, 100
carriers

labor and delivery 133
therapeutic options in pregnancy

143
family tree 94–5, 95
genetic diagnosis 95
incidence in females 94
problems in diagnosis 95–6
X inactivation 94

hemostasis 1, 2
in neonates 164
in pregnancy 124–6

hemostatic agents in pregnancy 140–3,
143

Hermansky–Pudlak syndrome 80
history 5–6, 6
hormonal development 13
hypofibrinogenemia

neonatal 171–2
pregnancy 128–9, 137–8

therapeutic options 143
hypoprothrombinemia 100, 130
hysterectomy for menorrhagia 23, 25,

81

immune thromobcytopenic purpura 2
inhalational analgesia 152–3
intracranial hemorrhage in neonates

163, 173–4

laboratory assessment 7
laboratory diagnosis 34–8
labor and delivery 132–4, 132, 

133
analgesia/anesthesia 151–62

LadyBugs 180–1
LEFTY-A 17
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80
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