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Sickle cell disease (SCD), first described in the

early twentieth century, is an inherited haemoglo-

binopathy resulting from a mutation on chromo-

some 11.1 The mutation causes an amino acid

substitution on the b-globin subunit of normal

adult haemoglobin A, resulting in the formation

of haemoglobin S. Haemoglobin S is biochemi-

cally unstable and can precipitate out of solution

when in the deoxygenated state, forming the

pointed, slightly curved ‘sickle cells’ (Fig. 1).

The greater the proportion of haemoglobin S

in the cell, the greater is the propensity to sickle.

The heterozygous carrier state or sickle cell trait

results in the production of both haemoglobin A

and S (usually 30–40% HbS), which has a pre-

dominantly benign clinical picture as the cells

only sickle under extraordinary physiological

conditions. Sickle cell trait provides some pro-

tection against the consequences of Plasmodium

falciparum malaria.2 The homozygous state

(with near 100% HbS) results in SCD. This is a

debilitating disease characterized by chronic

haemolytic anaemia, recurrent intermittent

vaso-occlusion and severe pain, and progressive

organ damage and early death. Survival is rare

beyond the fifth decade. The HbS gene is found

primarily in Africa and south-west Asia, but in

light of population migration, is becoming a

worldwide phenomenon.

The thalassaemias are a group of hereditary

anaemias caused by defective synthesis of the

alpha chain (alpha thalassaemias) or the beta

chain (beta thalassaemias) of haemoglobin.

Heterozygotes have mild anaemia, whereas

homozygotes have severe anaemia. Unbalanced

synthesis of the alpha and beta chains leads to

unstable haemoglobin and early red cell death,

usually in the marrow. There may be a compen-

satory extramedullary haematopoiesis.

Haemoglobin

Normal adult haemoglobin or HbA consists of

2a and 2b subunits or chains. The a subunits

are coded on chromosome 16, the b, or non-a

subunits are coded on chromosome 11. These

are not always b, but could be 1 (embryonic), d

(normal minor Hb A2), or g (fetal). Normal

adult red blood cells have three different types

of haemoglobin: HbA (a2b2) �95%; HbA2

(a2d2) �2.5%; and HbF (a2g2) 2.5%. The

spatial arrangement of these subunits determines

oxygen affinity, solubility, and stability. At

birth, red cells contain 70–90% HbF until about

2–4 months of age. Beta chain production

begins just after birth and gamma chain pro-

duction begins to decline, resulting in an adult

profile by age 4 months. Thus, beta chain

abnormalities do not manifest in the first few

months of life. Haemoglobinopathies result

from either the production of an abnormal hae-

moglobin chain, such as when there is a single

substitution of one amino acid as seen with sick-

ling disorders, or the underproduction of a given

chain resulting in the thalassaemias (Table 1).

Sickle cell disease

Desaturation of HbS results in the polymeriz-

ation of haemoglobin, forming large aggregates

called tactoids, which deform the red cells into

the typical sickle shape. Homozygous (SS)

cells begin to sickle at a much higher oxygen

saturation, typically 85% (PaO2
5.2–6.5 kPa)

than heterozygous (AS) cells, which usually do

so well below the saturation of venous blood

40% (PaO2
3.2–4.0 kPa). Sickling with sickle

cell trait is therefore rarely a problem without

concomitant stasis.

Key points

Sickle cell disease (SCD) is
a congenital
haemoglobinopathy
characterized by a mutation
on chromosome 11,
resulting in the production
of the unstable and
relatively insoluble
haemoglobin S.

Vaso-occlusion and
haemolysis are the
hallmarks of SCD, resulting
in recurrent painful
episodes and organ
dysfunction.

The sickledex test is an
easily performed bedside
test which reveals the
presence of HbS, but does
not differentiate between
the heterozygous (sickle cell
trait) and the homozygous
state.

Progressive inflammatory
vascular endothelial damage
may play a role in the
pathophysiology.

Careful, well-balanced
anaesthesia, with attention
to oxygenation, analgesia,
temperature control, and
hydration remains the
mainstay of intraoperative
management.
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The pathophysiological consequences of sickling are two-fold:

small vessel obstruction by sickle cells (vaso-occlusive events

which can be extremely painful) and haemolytic anaemia due to

the greatly reduced half-life of SS cells when compared with

normal red blood cells (12 vs 120 days).3 The presence of fetal

haemoglobin confers protection against sickling and some adults

may be prescribed hydroxyurea to elevate HbF levels. In addition

to hypoxia, sickling is also exacerbated by cold, stasis, dehy-

dration, and infection.

Diagnosis

The definitive test is haemoglobin electrophoresis, but in emer-

gency cases, a rapid screening test, the ‘sickledex test’ will detect

levels of HbS of .10%; however, it is unable to distinguish SCD

from sickle cell trait. Screening should be performed on all

patients who originate from endemic SCD countries.

Examination of the peripheral blood film may reveal sickle

forms or an elevated reticulocyte count relative to the haemoglobin

level, but these may not be present in sickle cell trait where the red

cell morphology may be essentially normal.4

Clinical picture

Patients with sickle cell trait are invariably healthy. However,

patients with SCD will usually demonstrate multiple organ damage

as a consequence of repeated vascular occlusion superimposed on

a background or poor development and failure to thrive. Many

patients will have frequent hospital admissions for exacerbations of

their disease.5

Cardiovascular

Cardiomegaly is usually due to anaemia, but may be due to con-

gestive cardiac failure. Pulmonary artery hypertension secondary

to recurrent pulmonary infarction increases the risk of death.

Respiratory

Dyspnoea, cough, haemoptysis, and pleuritic chest pain caused by

recurrent pulmonary infarctions are classical features of the ‘acute

chest syndrome’. Repeated episodes can compromise lung function

and lead to respiratory failure.

Head/neck/airway

Marrow hyperplasia may lead to frontal bossing and a prominent

maxilla. Eye changes, similar to those seen in diabetes, can

include microvascular retinopathy, vitreous haemorrhage, and

retinal detachment. Functional asplenism is associated with hyper-

trophy of other lymphoid tissue, including the tonsils and adenoids

and patients may have a history of obstructive sleep apnoea.

Genitourinary

Renal impairment begins in childhood and is common by adult-

hood. Painful priapism may be seen.Fig 1 Sickle cells.

Table 1 Haemoglobin mutations and associated syndromes

Hb Related condition Molecular structure Chromosome mutation

A Normal adult a2b2 Nil

A2 Normal minor adult (usually ,3%), elevated in b thalassaemia a2d2

A a thalasssaemia, asymptomatic or fatal Decreased/absent synthesis of a chain 16

A b thalassaemia, wide spectrum of disease Decreased/absent synthesis of b chain 11

F Fetal (,6 months old) a2g2 Nil

S Sickle cell disease/trait Valine substituted for glutamate at position 6 of b chain 11

H Formed in severe a thalasssaemia b4 16

C Decreased red cell survival, mild anaemia, vaso-occlusive disease rare Lysine substituted for glutamate at position 6 of b chain 11

SC HbS from one parent, HbC from other, intermediate symptoms See above 11

D Asymptomatic, unless inherited with HbS Glutamate substituted at position 121 of the b chain 11

E Microcytosis, anaemia is rare Lysine substitution in position 26 of the b chain 11

Haemoglobinopathy and SCD
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Gastrointestinal

In time, there is complete autoinfarction of the spleen, with

immune incompetence. However, before this the spleen may sud-

denly enlarge, trapping red blood cells, and platelets. This splenic

sequestration, with an associated acute decrease in haematocrit

may be life threatening. Pigment gallstones are common and chole-

cystectomy is frequently required. Intrahepatic sickling may cause

painful hepatic enlargement, but liver function is usually spared

with only a slight increase in transaminases.

Skeletal/skin

Deformities may arise from marrow hyperplasia or repeated micro-

vascular occlusion and infarction. Aseptic necrosis and leg ulcers

are common.

Neurological

There is an increased incidence of transient ischaemic attacks

(TIA), thrombotic stroke, and haemorrhagic events.

Haematological

Acute decreases in haemoglobin may be caused by

infection-induced myelosuppression (e.g. parvovirus-induced hypo-

plastic crisis) or by splenic sequestration syndrome. Blood transfu-

sion may be required. Bone marrow failure (aplastic crisis) may

also occur and is associated with a high mortality.

Treatment

Treatment in the symptom-free period involves patient education

to prevent dehydration, including advice concerning hydration

during exercise or hot weather and the avoidance of excess

alcohol. Patients with evidence of splenic involvement should be

vaccinated against Pneumococcus, Haemophilus influenzae B, and

Neisseria meningitidis. Folic acid prescription prevents deficiency

as a result of chronically elevated erythropoiesis within the bone

marrow. Hydroxyurea has been shown to reduce the frequency and

severity of symptoms and of vaso-occlusive crises and has also

been shown to reduce transfusion needs. It increases the formation

of HbF, which confers some protection against sickling.6 Its use is

recommended before elective surgery if time permits. The only

curative therapy is bone marrow transplantation, but pre-existing

organ damage and the limited availability of compatible donors

and also the 10% mortality have limited its use to symptomatic

children ,16 yr old.

Management of the acute crisis involves symptom control with

analgesia and rehydration. This may be performed at home with

simple analgesics and fluids, but pain may require hospitalization

for more potent analgesia. Blood transfusion is often required. Any

suspicion of infection should be treated using broad-spectrum anti-

biotics after culture of blood, sputum, and urine.

Anaesthesia and surgery

Preoperative assessment

Historically, perioperative mortality was as high as 10–50%, but

more recent studies have reported mortality of around 1%.

Wide-spread organ damage prevents a standard perioperative

pathway being applied to all patients. A careful history and exam-

ination is required to assess disease severity (e.g. hospital admis-

sions, number and timing of crises) and identify triggers. It should

be noted that sickle cell crises may mimic acute surgical con-

ditions, for example, an acute abdomen, and the need for surgery

must be considered carefully. The patient should be assessed for

signs of fever, dehydration, and vaso-occlusion. Minimization of

the fasting period combined with preoperative hydration may help

prevent sickling. Thus, patients are often admitted at least 1 day

before surgery.

Signs of organ dysfunction should be sought and preoperative

investigations should include chest X-ray, electrocardiogram, full

blood count, urea and electrolytes, liver function tests, and oxygen

saturation.7 An arterial blood gas sample will be useful, as there is

often a higher level of methaemoglobin in these patients causing

the pulse oximeter to underestimate saturations. Pulmonary func-

tion tests should be performed before major elective surgery. Chest

physiotherapy is an important part of both pre- and postoperative

care.

The ideal haematocrit and the role of preoperative transfusion

remains contentious as the incidence of complications related to

transfusion are higher in this group and are not insignificant.

Traditionally, an aggressive transfusion policy targeting an HbS

concentration of ,30% was suggested. Most authors would now

suggest a simple transfusion policy to a haemoglobin of 10 g dl21

in all but the lowest risk procedures, where transfusion is not indi-

cated. In very high-risk cases, a more aggressive approach may be

required, but this must be discussed in advance with a haematolo-

gist, as the risk of transfusion-related complications such as iron

overload, alloimmunization, transfusion-related acute lung injury,

and allergic reactions are all increased.

Intraoperative management

No particular anaesthetic technique has been shown to be more or

less advantageous for patients with SCD. Debate continues over

whether regional techniques are safer than general anaesthesia.

Although regional techniques have been argued for on the basis of

improved peripheral blood flow, improved analgesia and the avoid-

ance of intubation where anatomical abnormalities may make this

difficult, equally strong arguments have been made against these

due to associated hypotension, hypoperfusion and the need for

vasoconstrictors. The use of epinephrine with local anaesthetic sol-

utions must, however, be avoided. It should be noted that epidural

analgesia has been successfully used to treat painful vaso-occlusive

crises. The technique used is likely to be much less important than

Haemoglobinopathy and SCD
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the meticulous attention to detail with regard to perfusion, temp-

erature control, and oxygenation.8

Where general anaesthesia is used, preoxygenation is rec-

ommended and hypotension should be avoided by careful titration

of induction agents. Except for the shortest procedures, controlled

ventilation is recommended to ensure good oxygenation and nor-

mocarbia. Fluid losses should be replaced promptly, and this may

be facilitated by measuring urine output and central venous

pressure in longer cases. Temperature should be monitored and a

warm ambient theatre temperature, pre-warmed fluids, and

warming blankets are essential.

Venous stasis should be minimized by careful positioning,

avoidance of caval compression, and avoidance of high-risk pos-

itions such as the prone position or the supine pregnant patient.

The use of tourniquets remains extremely controversial as

reduction of blood flow, hypothermia, acidosis, and hypoxia of the

exsanguinated limb has been thought to cause sickling in the reper-

fusion period. A number of small retrospective reports have shown

no evidence of sickling with the use of tourniquets when a blood-

less field is highly desirable. If a tourniquet is used then careful

exsanguination before inflation is to be recommended.

The use of cell salvage is not recommended by the machine

manufacturers, but they have been successfully used on a number

of occasions.9

Analgesia remains an important component of any well-

balanced anaesthetic technique. This is no different for patients

with SCD, but it should be noted that such patients may have

been, or continue to be taking opioids before operation and higher

doses may be required. Mutimodal analgesia with the concomitant

use of acetaminophen, non-steroidal anti-inflammatory drugs

(NSAIDs), and local anaesthetics may reduce opioid requirements.

NSAIDs should be avoided if there is evidence of renal

dysfunction.

Postoperative management

Most of the serious complications of SCD such as painful

vaso-occlusive crises, acute chest syndrome, and stroke can occur

in the postoperative period. Particular attention to oxygen sup-

plementation, hydration, and analgesia is required and an extended

period of monitoring in the postoperative period may be advisable

thus making day surgery inadvisable in these patients.

Sickle HbC disease

Patients with both HbS and HbC (HbSC or S–C disease) have less

frequent and less severe vaso-occlusive episodes. These patients

are usually only mildly anaemic and may not need preoperative

transfusion for more minor procedures. However, transfusion has

been shown to be of benefit in more major abdominal procedures.

There remains significant clinical variability and potential compli-

cations of SC disease including all those seen with SS disease.

Similar perioperative precautions are recommended.

Thalassaemias

Beta thalassaemias

The heterozygous state is known as thalassaemia minor and results

in a mild hypochromic, microcytic anaemia with haemoglobin

levels 2–3 g dl21 below normal for age. The homozygous disease

is known as thalassaemia major or Cooley Anaemia, and results in

profound anaemia requiring repeated blood transfusions.

Alpha thalassaemias

These are prevalent in south-east Asia. Haemoglobin synthesis pro-

ceeds at a normal pace in the marrow, but there is a decreased red

blood cell life span because of increased splenic uptake.

A combination of the genes for SCD and thalassaemia results

in a disease more severe than either alone, known as haemoglobin

S-thalassaemia. There is a moderately severe microcytic haemoly-

tic anaemia in addition to vaso-occlusive crises.

Anaesthetic considerations

The haematocrit must be evaluated before operation. Nucleated red

blood cells may appear to artificially elevate the white blood cell

count if automated methods are used. This is usually only a

problem if point of care analysers are used because most labs

correct for this before issuing results. Splenomegaly may result in

thrombocytopaenia. Thorough preoperative cardiac evaluation is

recommended as haemosiderosis, secondary to chronic haemolysis

or repeated transfusions, may adversely affect cardiac function.

Facial changes from marrow hyperplasia may cause difficulties

with laryngoscopy.

Those patients who have had a splenectomy will be at risk of

postoperative infection which can precipitate haemolysis. It should

also be noted that oxidant drugs such as prilocaine, nitroprusside,

vitamin K, aspirin, and penicillin may also precipitate haemolysis.

Summary

The perioperative morbidity and mortality of patients with haemo-

globinopathies has been greatly reduced in recent years. This is

partly due to improvements in anaesthetic standards of care and by

a greater understanding of the underlying disease processes.

Although the knowledge of the pathophysiology of these diseases

continues to increase our understanding and suggest new treatments,

in the absence of definitive outcome data, the anaesthetic manage-

ment of these patients must continue to include meticulous attention

to hydration, oxygenation analgesia, and temperature control.
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Introduction

Hemophilia-associated hemorrhage is preventable if
clotting factor replacement therapy is infused to
achieve and maintain normal physiologic levels of
factor VIII (FVIII) or factor IX (FIX) respectively for
hemophilia A or B. However, such dosing is achieved
rarely—essentially only in perioperative hemostatic
management to avoid bleeding following surgery.
Even the well-established practice of infusing FVIII
or FIX prophylactically to prevent spontaneous
hemarthrosis uses dosing strategies insufficient to
prevent all potential trauma-induced hemorrhages.
Therefore, all individuals with hemophilia are, under
very adverse circumstances, at risk for severe bleeding
that may quickly evolve to life- or limb-threatening
circumstances requiring emergency care. This
monograph discusses a number of potential emergent
hemorrhagic events, focusing on therapeutic strategies
to reduce the risk of adverse outcomes, such as neuro-
logical dysfunction or even death. 

Central nervous system hemorrhage

Possibly the most frequently encountered emergent
hemorrhagic event in hemophilia management is
central nervous system (CNS) bleeding. Most of these
events, which involve bleeding inside the skull or
spinal canal, are caused by trauma. However, since
patients with hemophilia can experience bleeding
even weeks after a minor head injury, a history of
head trauma may be hard to determine, particularly
in children [1, 2]. Spontaneous CNS bleeding in
individuals with hemophilia is rare except when
there has been a recent antecedent CNS hemorrhage
(i.e., a recurrent bleed at a previously injured site)
or when there is an associated anatomic lesion that
predisposes acute hemorrhage (e.g., aneurysm or
arterio-venous malformation). Data from the
Universal Data Collection Project of the U.S. Centers
for Disease Control and Prevention indicate that
predisposing risk factors for intracranial hemorrhage
include HIV infection, presence of inhibitor, and age
less than five years or over 51 years [3]. The risk of
traumatic events affects the entire spectrum of

hemophilia phenotypes. For people with mild
hemophilia, risk of intracranial hemorrhage is at
least 50% that of those with severe disease.

Intracranial hemorrhage
Bleeding inside either the calvarium or the spinal
canal is acutely harmful to the tissues of the nervous
system: the expanding hematoma quickly compresses
and damages the tissues. This “space-occupying effect”
impinging on the nervous system can occur even
when the total volume of the hemorrhage is small
because there is no space to accommodate the blood.
It is therefore absolutely essential to immediately
raise the clotting factor level, even before the bleed
is documented via brain imaging studies, such as a
computed tomography (CT) scan.

The site of intracranial CNS bleeding can be subdural,
epidural, or intraparenchymal. All are capable of
causing rapidly deteriorating CNS brain function,
associated brain swelling, and in the most extreme
circumstances, herniation of the brainstem and
rapid death. If the bleeding is stopped with rapid
clotting factor concentrate (CFC) replacement,
adverse clinical effects can be avoided. However,
with intraparenchymal hemorrhage, even small
hemorrhages can induce permanent structural
and/or neurologic sequelae (in particular, if the
anatomic site of the bleed is essential for routine
brain function) [4-8]. Because the degree of injury is
both volume and duration dependent, at times the
blood at surgically approachable sites (in particular
subdural hematomas) should be evacuated through
neurosurgical intervention [9]. This requires providing
adequate CFC replacement both to stop the bleeding
and for hemostatic coverage for the procedure itself.
The strategy for hemostatic replacement during
such scenarios will be discussed below. In addition
to CFC replacement and neurosurgery, aggressive
airway management is essential for comatose or
incapacitated patients and may also be required as
adjunctive management for injury-associated
increased intracranial pressure [10]. 

Neonatal intracranial hemorrhage is most commonly
due to birth trauma [11]. Difficult vaginal deliveries
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(often requiring the application of forceps or vacuum
extraction) are predisposing factors for intracranial
hemorrhage in hemophilic newborns [12]. A large
review of neonatal intracranial hemorrhage indicates
an incidence of 3.58% [6].Given that nearly one-third
of new cases of severe hemophilia A represent new
mutations (with no family history), all male newborns
presenting with intracranial hemorrhage should
have an activated partial thromboplastin time
(aPTT) performed immediately and FVIII and FIX
assays performed as soon as possible [11]. Suspicion
of intracranial hemorrhage is call for an immediate
ultrasound of the brain through the fontanelle.

Spinal hematoma
Decompression surgery by laminectomy may be
required at any age to treat hematomas compressing
the spinal cord. However, early recognition of spinal
hematomas and CFC replacement to normal physio-
logic levels (as with intracranial hemorrhage) may
prevent the need for neurosurgery [13]. Furthermore,
it helps avoid later spinal deformities in children [14].
Failure to relieve pressure during the first critical
hours following a bleed will require surgery to
reduce risk of paralysis of the nerves at or below the
site of compression. As with intracranial bleeding,
rapid replacement with CFC immediately after the
bleed is essential to minimizing the volume of
bleeding. Replacement therapy should be continued
for a minimum of 10 to 14 days, even when
laminectomy is not required [13]. Confirmation with
imaging studies should await the initial infusion of
high dose CFC. Once confirmed, any individual
with neurological symptoms should be admitted to
hospital, preferably to a critical care unit. Even
when symptoms are not present, non-critical care
hospitalization is necessary if imaging confirms a
CNS hemorrhage. 

Dosing strategies for CNS hemorrhages
CFC dosing strategy to treat CNS hemorrhage in
hemophilia A and B is based on three important
principles: 

1. Infuse enough to ensure a normal physiologic
level initially (at least 100% within the normal
range).

2. Infuse frequently enough to ensure that the FVIII
or FIX level never falls to a non-physiologic level
(i.e., a minimum of 50% with a 10-20% “cushion”
for confidence).

3. Monitor FVIII or FIX levels as frequently as feasible
to ensure that these physiologic levels are being
achieved. 

FVIII and FIX dosing
For hemophilia A, this generally implies an initial acute
dose of FVIII of approximately 50 IU/kg followed
by repeated bolus dosing every 8-12 hours. The exact
frequency depends on FVIII measurements. If neuro-
surgery is required, the second dose (and perhaps
subsequent doses as well) will likely be needed much
sooner because of high FVIII clearance during surgery.
Correspondingly, increased FVIII monitoring will be
needed for such clinical scenarios.

Factor IX dosing for hemophilia B likely needs to be
product-type specific. For recombinant FIX (rFIX), a
minimum initial dosing of 120 IU/kg with recurrent
infusion every 18-24 hours adjusted as needed by FIX
monitoring is a reasonable strategy. For high-purity
plasma-derived FIX concentrates (monoclonal and
others), 100 IU/kg per dose with similar frequency
of administration (based on FIX plasma levels) is a
reasonable regimen. For plasma-derived prothrombin
complex concentrates (PCCs), which should be used
in this setting only if rFIX or high purity plasma
concentrates are not available, an initial dose of 100
IU/kg is reasonable—however, subsequent dosing
will need to be significantly less because of the risk
of acute thrombosis and disseminated intravascular
coagulation associated with PCCs. Lower doses that
target FIX levels below physiologic levels (i.e., below
50%) may be required to balance bleeding versus
thrombotic risks. Laboratory monitoring of FIX levels,
if available, is particularly important when PCCs are
used and should include markers for disseminated
intravascular coagulation and thrombosis (e.g., platelet
count, prothrombin time, aPTT, fibrinogen, fibrin split
products, D-dimers, etc.).

Management of inhibitors
Other strategies for CNS hemorrhage in patients
with hemophilia A or B, such as continuous infusion
for replacement therapy, are discussed in the medical
literature and provide viable management options [15].
Discussion of continuous infusion methodologies
for dosing and monitoring are beyond the scope of
this monograph. In addition, these CFC infusion
recommendations make the critical assumption that
no FVIII or FIX inhibitor is present. It is worth noting
that initial venous access for CFC infusion in a patient
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with a presumed CNS hemorrhage could well be used
to draw blood for a FVIII or FIX inhibitor screen. In
circumstances in which observed hemostatic effect
is less than expected, having confirmation about
inhibitor status can be most opportune. 

When an inhibitor is known to be present in an
individual with an acute CNS bleed (or any other
life- or limb-threatening hemorrhage) alternative
hemostatic replacement strategies will be needed.
This can entail infusion of higher doses of FVIII or FIX
or of so-called “bypassing agents” such as activated
prothrombin concentrates (aPCCs) or recombinant
factor VIIa (rFVIIa). An in-depth discussion of the
appropriate use of these or other strategies to treat
patients with CNS bleeding and a clinically significant
inhibitor is not possible here.  In many cases the litera-
ture on inhibitors in CNS hemorrhages consists of
small series or case reports. Even so, the availability
of aPCCs and rFVIIa has dramatically improved the
potential for a good clinical outcome in inhibitor
patients with a CNS hemorrhage. Aggressive hemo-
static replacement using any or, in rare cases, all of
these options appear justified since the morbidity
and mortality secondary to uncontrolled CNS bleeding
is very high.

Duration of therapy
The duration of CFC replacement therapy following
CNS bleeding is less well-defined than dosing. The
risk of recurrent bleeding in the days or early weeks
following such a hemorrhage appears to be quite high,
particularly when lower than normal physiologic
levels of FVIII or FIX are permitted. Many investigators
attempt to maintain circulating factor levels above
50% at all times up to three weeks following a CNS
bleed in order to minimize the re-bleed risk. A longer
duration may be needed if an extensive neurosurgical
procedure was required to treat the patient.
Furthermore, even after maintaining physiologic
levels in the normal range for an extensive period,
consideration needs to be given to slowly weaning
the CFC replacement therapy. This may include a
period of secondary prophylaxis if the patient is not
being returned to a primary prophylaxis regimen.
The duration of any secondary prophylaxis regimen
will depend on many factors such as the availability
of CFCs, severity of injury and associated conditions,
patient willingness to adhere to the regimen, reha-
bilitative regimens, etc.

Other emergent hemorrhagic events

Tracheal hemorrhage
While CNS hemorrhage is likely the most frequently
observed severe hemophilic trauma (due to falls in
infants, injuries related to sports and activities in
children and adolescents, and motor-vehicle injuries
in adults), the injury state that may require the most
rapid clinical therapeutic response is bleeding that
is compressing or compromising the airway [16].
The time from the injury until the trachea is com-
pressed may be long, sometimes many hours.
However, once the compression is sufficient to cause
difficulty breathing, the window for infusion to stop
the bleeding may be very narrow. Failure to stop the
bleeding at this point may necessitate a tracheostomy
in order to prevent asphyxiation as compression
well below the level of the larynx may not permit
effective intubation, even in the most skilled hands.
As such, bleed recognition is critical in these
instances [17]. 

An acute neck injury or a retropharyngeal hemorrhage
induced by dental or oral surgical instrumentation
can lead to a dissecting facial plane hematoma. This
in turn can sometimes lead to compression and acute
airway compromise. Rarely, the antecedent bleeding
may manifest as facial swelling [18]. Similarly, tongue
swelling (e.g., caused by a hematoma of the lingual
artery) [19] may signal potential airway compromise
even when no obvious antecedent trauma has
occurred. For oral maxillofacial surgery, adequate
preoperative CFC replacement therapy is the key to
preventing this complication [20]. Also the avoidance
of such at-risk manipulations such as blocking the
inferior alveolar nerve will forestall this dangerous
outcome. However, for trauma to the neck, an
expanding hematoma (usually from cephalad to
caudad) may occur even with adequate preoperative
CFC replacement—requiring immediate infusion to
100% normal plasma concentrations (1 IU/mL). In
addition, immediate expert otolaryngology consul-
tation should be arranged, with an anesthesiology
consultation if airway compromise is imminent. For
stable individuals whose imaging studies indicate a
potentially expanding hematoma, hospitalization in
a critical care unit is prudent. If the hematoma causes
compression and respiratory compromise, specialists
should be consulted about surgical intervention.
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Following the initial infusion of CFCs, repeat or
continuous infusions are necessary until the neck
swelling has resolved and any surgical manipulation
is partially healed. The total duration will depend on
individual circumstances. For any obviously dissecting
hematoma, high intensity infusions maintaining
physiologic levels initially with gradual weaning (as
appropriate based on plasma levels, clinical findings,
and imaging studies) will likely require hospitalization
for a minimum of seven days. Follow-up CFC infusion
after hospital discharge is prudent.

Gastrointestinal hemorrhage
There is a wide spectrum of esophageal and gastroin-
testinal (GI) bleeding. A review of 41 episodes of
gastrointestinal bleeding in one institution over 10
years implicated duodenal ulcer (22%) and gastritis
(14%) as the most common source [21]. In 22%, no
source was identified. Mallory-Weiss Syndrome
has also been cited as a cause for upper GI bleeding
in hemophilia patients [22]. 

For bleeding originating from the lower GI tract,
mild hematochezia or melena typically necessitates
a routine CFC replacement regimen followed by
appropriate diagnostic work-up (typically endoscopy
or colonoscopy) if the bleeding recurs after replace-
ment therapy is withdrawn. This rarely gives rise to
an emergent hemorrhagic scenario when the CFC
replacement is commensurate with the severity and
duration of the bleeding [21]. By contrast, profound
melena or hematochezia sufficient to cause an acute
drop in hemoglobin level is a hemostatic emergency.
Rarely, melena and/or hematochezia in the newborn
period can be the de novo presentation of hemophilia
[23]. At the other end of the age spectrum, the adult
hemophilia patient treated in the past before viral
inactivation of CFCs may sometimes present with
an emergent GI hemorrhage from esophageal varices
associated with chronic hepatitis C with or without
HIV co-infection [22, 24]. 

Since variceal bleeding is of itself not of coagulopathic
origin, but rather vascular, in this case the hemostatic
management is complementary to gastrointestinal
intervention (e.g., transjugular intrahepatic portosys-
temic shunt) [24]. Nonetheless, CFC replacement is
needed to ensure that instrumentation does not induce
new bleeding sites in the hemophilia patient, and
that once pressure issues related to the varices are
addressed, post-instrumentation oozing is controlled.

Further, patients with hepatic cirrhosis and varices
may also have coagulopathies caused by impaired
synthesis of non-hemophilia-related protease deficien-
cies (e.g., deficiencies of factors VII, II, X). Together,
these causes may lead to a very high hemorrhagic risk.
Accordingly, replacement therapy with fresh-frozen
plasma may have to accompany CFC replacement
to achieve an adequate hemostatic outcome once the
variceal bleeding is controlled. 

For lower GI bleeding not related to varices, massive
melena rarely has hemophilia as the primary etiology.
Bleeding telangiectasias, ruptured abdominal arteri-
ovenous malformations, or other aberrant vasculature
may be an initiating event [25]. Just as with varice-
related bleeding, replacement therapy with FVIII or
FIX permits appropriate diagnostic studies to be done
and, if required, necessary therapeutic procedures
to be initiated. CFC replacement therapy is needed
both pre- and post procedure. Duration of CFC infusion
will be very dependent on the therapeutic regimen
required and whether abdominal surgery is performed
requiring either laparoscopy or laparotomy.

Ruptured organ or capsular hematoma of an
abdominal viscus
Blunt abdominal trauma is a frequently cited cause
of an evolving intraperitoneal hemorrhage with the
risk for massive blood loss and even exsanguination.
However, there are cases reported of bleeding within
a viscus evolving to organ rupture without history
of trauma [26, 27]. Having hemophilia (particularly
severe hemophilia) appears to increase the likelihood
that physical impact—even of modest energy to the
spleen, liver, kidneys, bowel wall, or pancreas—can
induce peri-capsular hemorrhage that evolves into an
expanding hematoma because of impaired hemostasis.
In the instance of an evolving hematoma of the
bowel wall, there may be the additional risk for gut
obstruction [28]. 

Initially, abdominal pain (or abdominal distension
in a newborn with hemophilia) [29] may be the only
indication that such an evolving hemorrhage exists.
A history of any abdominal trauma and new onset
abdominal pain in a hemophilia patient should
arouse suspicion. Failure to recognize an expanding
hematoma and immediately and intensively initiate
CFC replacement may result in acute rupture of the
hematoma [25]. Such hematomas rarely occur in the
absence of obvious trauma [30]. 
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Immediate exsanguination is a very real risk when a
large capsular hematoma of an abdominal viscus
ruptures. Volume loss may be so severe that
replacement with red blood cell concentrates and
volume expanders may not be sufficient to maintain
adequate circulation and CNS perfusion. In this latter
scenario, immediate laparotomy is required to sur-
gically remove the bleeding organ (spleen) [31, 32]
or to repair it (liver, kidney, or bowel wall) [33]. On
the other hand, if the infusion of CFCs sufficient to
achieve physiologic levels is initiated before the
hematoma expands, risks for intra- or retroperitoneal
hemorrhage may be markedly diminished [33]. 

On occasion, retroperitoneal hemorrhage into the
psoas muscle or obturator muscle can be severe
enough to cause a significant drop in hemoglobin.
As opposed to rupture of an abdominal organ or
capsule, the bleeding will tamponade before life-
threatening hemorrhage occurs. However, extreme
pain and substantive impingement on the sacral
plexus nerves can cause significant morbidity [34].
CFC replacement until symptoms decrease is the
recommended therapy. Other interventions are
rarely required. 

A ruptured appendix in an individual with hemophilia
may occur, as opposed to rupture of other abdominal
viscera, without antecedent trauma [25]. (A preceding
small bowel hematoma may even create “pseudo
appendicitis” although modern imaging techniques
should confirm this finding, avoiding the need for an
unnecessary laparotomy [35].) Nonetheless, the need
for preemptive replacement therapy is paramount,
regardless of whether abdominal surgery is required
when an acute abdominal event presents itself [36]. 

Compartment syndrome and nerve compression
Just as CNS bleeding predisposes significant clinical
neuronal damage from the space-occupying effect of
blood in a confined volume, permanent debilitation
can occur when the vascular and/or neural bundles
that supply and drain an extremity (e.g., arm or leg)
are extremely compressed by blood. Such nerve
compression due to a closed space hemorrhage,
known as “compartment syndrome,” can compromise
limb function. Predisposing injuries include blunt
trauma, arterial cannulation with iatrogenic bleeding
from the puncture, and, particularly in neonates and
young infants, perforation of large veins during
venipuncture attempts. Initial swelling and

engorgement will, if bleeding persists, result in loss
of pulse and cold extremities. In addition, paresthesia
or paresis often accompany nerve compression.

Early recognition of significant bleeding based on
swelling in an extremity compartment (e.g. forearm,
wrist, or calf) is essential so that CFC infusion can
be initiated or accelerated. In most instances, bleeding
that is recognized early can be stopped before pulse
and nerve function (indicated by peripheral pares-
thesia) are impaired. However, once the distal part
of the extremity becomes paler and cooler than the
opposite corresponding distal extremity, surgical
intervention with fasciotomy may be the only way
to preserve function of the extremity. Fasciotomies
are difficult in these circumstances, and the associated
perioperative bleeding may be severe even after
“adequate” CFCs have been administered. Early
recognition and intervention with appropriate doses
(usually levels to achieve 1 IU/mL of plasma or 100%
initially) will often forestall the need for fasciotomy.

Opthalmologic emergencies
An individual with blood in the eye’s anterior
chamber or vitreous humour has an emergent oph-
thalmologic situation. In the context of hemophilia,
the propensity not to clot increases the likelihood
that any bleeding into the closed spaces of the eye
will impair vision. This is similarly true for bleeding
associated with retinal detachment, where the prospects
for visual loss are likely increased in individuals with
hemophilia. For any of these clinical ophthalmologic
conditions, including hyphema, vitreous hemorrhage
or even hemorrhagic glaucoma (whether diagnosed
or suspected based on opthalmoscopic exam), imme-
diate infusion to 100% activity (1 IU/mL of plasma)
is essential followed by emergency assessment by an
ophthalmologist [37-39]. Whether or not surgery is
recommended, hospitalization is indicated until the
clinical situation is deemed stable enough for outpa-
tient management by both the ophthalmologist and
the hematologist [40]. 

Rare clinical emergencies
Any bleeding situation that may require emergency
management in an individual without a bleeding
tendency is clearly compounded if the individual
has hemophilia. An example is pericardial bleeding,
which in people with hemophilia predisposes tam-
ponade or pulmonary hemorrhage. Since surgical
intervention is likely required, the patient with
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hemophilia needs to be managed hematologically as
though the intervention were a scheduled major
surgery. After the initial CFC infusion immediately
following diagnosis, subsequent infusions post-
operatively should be similar to those described
above for neurosurgical or laparotomy events. As in
those situations, maintaining the patient in a state of
physiologic clotting (normal FVIII or FIX levels) is
essential until healing is well along.

Pseudotumour rupture
While pseudotumours in patients with hemophilia
are in themselves not hemophilic emergencies, an acute
rupture of a large pseudotumour in the pelvis or thigh
may lead to acute hypotension from blood loss. When
such an event occurs, an immediate correction of the
FVIII or FIX level is indicated, while keeping in mind
that the presence of chronic clots with fibrinolysis in
the pseudotumour may also predispose to further
hemorrhage [41]. Laboratory assessment for systemic
hyperfibrinolysis is typically indicated. Antifibrinolytic
therapy with epsilon aminocaproic acid or tranexamic
acid may be indicated to supplement CFC therapy if
this complication is present.

Conclusion

Emergent bleeding events, while uncommon among
people with hemophilia, require recognition and
immediate intervention with high-dose CFC infusion.
Other care, such as surgery, may also need to be
undertaken urgently. However, replacement with
FVIII or FIX must occur first or in parallel with any
intervention in a patient with hemophilia who is
critically ill. Only removal of an acutely injurious
agent or cardiopulmonary resuscitation supersedes
factor replacement in a critically ill patient with
hemophilia. Not only must enough CFC be infused
initially to reduce or stop bleeding, it must be given
as often as necessary to permit healing from the
injury. Ideally measurement of the in vivo factor
level on a frequent and ongoing basis is performed
to ensure that the desired circulating plasma levels
are maintained. Special management considerations
relevant to the anatomic bleeding site may exist and
contributions from experts in the respective medical
field are essential for optimal clinical outcomes.
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Table 2: Guidelines for acute management of
severe hemorrhage in hemophilia A and B

1. Assure adequate airway, breathing, and circula-
tion by assessing respiration, pulse, and blood
pressure (basic cardiopulmonary resuscitation
guidelines).

2. Attain venous access as quickly as possible.

3. Infuse appropriate FVIII (hemophilia A) or FIX
(hemophilia B) at a dose to achieve physiologic
levels immediately (50 IU/kg body weight FVIII
or 100-120 IU/kg high purity FIX respectively;
70-80 IU/kg of prothrombin complex concentrate
if high purity FIX is unavailable).

4. Obtain CT scan, ultrasound, or other imaging
studies as indicated to ascertain bleeding
site/source.

5. Request consultation from appropriate physician
consultant for bleeding site (e.g., ophthalmologist
for bleeding in/around the eye).

6. Hospitalize.

7. Monitor FVIII/FIX levels respectively on a
frequent basis to maintain level in the mid
physiologic range.

8. Continue with frequent bolus or continuous
clotting factor infusions adjusted according to
measured FVIII or FIX plasma levels until the
acute bleeding event has resolved. Dosing may
be adjusted downward as the risk for further
bleeding is substantially reduced.

9. Examine the patient following hospitalization
to ensure any sequelae receive appropriate
long-term care.

Table 1: High-risk hemorrhagic events for acute
morbidity or mortality in hemophilia A and B

Central nervous system hemorrhage
• Intracranial hemorrhage
• Spinal hematoma

Soft-tissue hemorrhage predisposing to airway
impingement
• Retropharyngeal hemorrhage following

mandibular molar extraction leading to 
hemorrhage along facial planes

• Neck hematoma associated with dissection
• Tracheal hemorrhage following airway 

instrumentation
• Large tongue hematoma

Gastrointestinal bleeding
• Hematemesis from esophageal injury or 

ulceration of gastric or duodenal mucosa
• Hemorrhage from ruptured esophageal varices
• Hematochezia or melena from bleeding 

telangiectasia polyps, etc.

Ruptured abdominal organ or capusular
hematoma of abdominal viscus
• Splenic rupture, kidney capsular rupture, liver

laceration
• Hematoma of bowel wall
• Ruptured appendix
• Ruptured pelvic or abdominal pseudotumour

Acute compartment syndrome
• Hematoma impingement of nerves, vasculature

of extremities

Hemorrhage in or around the eye
• Hyphema
• Vitreous hemorrhage
• Hematoma following orbital fracture



Glossary

Arterial cannulation: The insertion of a tube into a
vein, primarily for the administration of intravenous
fluids and medicines, and used during major opera-
tions and in critical care areas to measure beat-to-beat
blood pressure and to draw repeated blood samples.

Calvarium: Upper skull, roof of the skull.

Cephalad to caudad: From head to torso to lower
extremities.

Disseminated intravascular coagulation: A process
where the blood starts to coagulate throughout the
whole body, depleting the body of its platelets and
coagulation factors, with a paradoxically increased
risk of hemorrhage. 

Exsanguination: The fatal process of total blood
loss, most commonly known as “bleeding to death.”

Fasciotomy: A surgical procedure where the fascia
(soft part of connective tissue) is cut to relieve tension
or pressure causing loss of circulation to an area of
tissue or muscle. Fasciotomy is a limb-saving procedure
when used to treat acute compartment syndrome. 

Fontanelle: The “soft spot” between an infant’s
incompletely formed cranial bones.

Hematemesis: The vomiting of blood, generally
from the upper gastrointestinal tract. 

Hematochezia: The passage of bright red, bloody
stools from the rectum. It is commonly associated
with lower gastrointestinal bleeding.

Hyphema: The collection of blood in the anterior
chamber of the eye.

Iatrogenic: Brought on unintentionally by something
that a doctor does or says.

Inferior alveolar nerve: A branch of the mandibular
nerve.

Intraparenchymal: Within the functional parts of an
organ. Intraparenchymal hemorrhage can be caused
by brain trauma, or it can occur spontaneously in
hemorrhagic stroke. 

Intraperitoneal: Within the peritoneal cavity. The
peritoneum is the serous membrane that forms the
lining of the abdominal cavity. 

Laminectomy: Surgical removal of part of the posterior
arch of a vertebra to provide access to the spinal
canal and relieve pressure on the spinal cord. 

Laparoscopy: Minimally invasive surgery involving
small incisions in the abdomen. 

Laparotomy: A surgical procedure involving an
incision through the abdominal wall to gain access
into the abdominal cavity. 

Mallory-Weiss Syndrome: Esophageal mucosal
injury, with bleeding from tears in the mucosa at
the junction of the stomach and esophagus, usually
caused by severe retching, coughing, or vomiting. 

Melena: Stool with blood that has been altered by
the gut flora and appears black or tarry, associated
with gastrointestinal hemorrhage. 

Obturator muscle: The muscle extending from the
pelvis to the femur.

Oral maxillofacial surgery: Surgery to correct
injuries and defects in the head, neck, face, jaws, and
the hard and soft tissues of the oral and maxillofacial
region. 

Otolaryngology: The branch of medicine that spe-
cializes in the diagnosis and treatment of ear, nose,
throat, and head and neck disorders. 

Paresthesia: Abnormal sensations of the skin such
as numbness, tingling, or prickling.

Paresis: Impaired or partial loss of movement. 

Psoas muscle: The muscle at the hip and groin,
extending from the sides of the spinal column to the
upper end of the femur.

Retropharyngeal: Behind the pharynx. 

Retroperitoneal: Outside the peritoneum, behind
the abdominal cavity. 
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Sacral plexus: A nerve plexus emerging from the
sacral vertebrae that provides nerves for the pelvis
and lower limbs.

Tamponade: Pathological compression of an organ,
a condition of blood flow stoppage either by constric-
tion of the vessel or by an outside force.

Telangiectasias: Small blood vessels near the skin
surface.

Tracheostomy: A surgical procedure performed on
the neck to open a direct airway through an incision
in the trachea (windpipe). 

Transjugular intrahepatic portosystemic shunt: An
artificial channel in the liver from the portal vein to
a hepatic vein (for blood), created by physicians via
the jugular vein. 

Varices: Distended veins.

Viscus: An internal organ, in particular of the thorax
or abdomen.

Vitreous humour: The clear gel that fills the space
between the lens and the retina of the eyeball. 
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Classic diseases revisited

Haemophilia
Summary
Although the nature ofhaemophi-
lia has been understood for thou-
sands of years, knowledge of its
molecular genetics is recent.
These X-linked bleeding disorders
have diverse underlying DNA de-
fects and, in 1992, DNA inversion
within the X chromosome was
found to explain half of the most
serious cases of haemophilia A.
The life-span and quality-of-life
for patients with haemophilia had
improved steadily throughout the
early 1980s but the principal cause
of death remained intracranial
haemorrhage until the epidemic
of HIV infection due to contami-
nated factor concentrates. Infec-
tion with hepatitis C virus is
almost universal for patients trea-
ted with clotting factors before
1985. No curative treatment is
available for hepatitis C at pre-
sent. Knowledge of the transmis-
sion ofviruses in concentrates has
led to important developments in
processing techniques to elimi-
nate them. Recombinant technol-
ogy has produced factor VIII and,
more recently, factor IX concen-
trate which is likely to be very
safe. Development of inhibitors to
factor concentrates (especially
factor VIII) remains one of the
most serious complications of
haemophilia. The variety of treat-
ments available testifies to the lack
of a single universally efficacious
one. The use ofprophylactic treat-
ment has been conclusively de-
monstrated to result in a
preservation of joint function in
severely affected patients who
might otherwise develop signifi-
cant joint problems. The many
facets of the care of patients with
severe haemophilia, ranging from
dental care to genetic counselling,
can be advantageously co-ordi-
nated in a haemophilia compre-
hensive care centre.
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Haemophilia is an ancient disease. It neither selects nor spares any class or
ethnic group. As early as the fifth century AD, haemophilia was referred to in
the Babylonian Talmud.' A description of the disorder in the early 1 800s by the
American physician Otto,2 accurately described the pattern of inheritance. In
the late 1940s Pavlovsky' discovered that blood from one haemophilia sufferer
could correct the defect in another. It was surmised that the bleeding was due to
a lack of 'anti-haemophiliac factor' in the blood. The existence of two separate
forms of haemophilia was not inferred until 1952 when one type of haemophilia
was described lacking what we now know to be factor VIII and the other lacking
'plasma thromboplastin component', later called factor IX.4 The more common
of the two disorders, classical haemophilia or haemophilia A, has a prevalence of
1 in 10 000 and haemophilia B or Christmas disease has a prevalence of 1 in
50 000.

Genetics

Both haemophilia A and B are X-linked recessive disorders and therefore
occur almost exclusively in males. The sons of haemophilia patients will be
unaffected and all the daughters will be carriers. For carrier females with
normal partners, half their sons will have haemophilia and half their daughters
will be carriers.
The genes for both factors VIII and IX have been mapped to the distal end

of the long arm of the X chromosome, bands Xq28 and Xq27. 1, respectively.
The genetic code itself has been sequenced for both genes. The factor VIII
gene is very large, comprising 186kb of DNA with 9kb of exon (sequences of
coding DNA). The coding base consists of 26 exons. Over 80 different
mutations have been characterised5 and they include deletions, insertions and
point mutations. However, until recently, about 50% of severe haemophiliacs
had no detectable mutations.6'7 A novel form of mutation in which a very large
sequence of DNA becomes inverted, has now been shown to account for
almost all of these cases of severe haemophilia A.6-9 Within the factor VIII
gene there are two regions of coding DNA known as F8A and F8B. The
former has two copies which extend outside the factor VIII gene towards the
chromosomal telomere. This is the segment which is inverted (figure). The
factor IX gene is 34kb in length and the essential genetic information is
present in eight exons. Over 400 distinct mutations have been documented in
haemophilia B,'0 most of which impair the synthesis, secretion or stability of
factor IX. Interestingly, a significant number of both factor VIII and factor IX
gene mutations occur at CG dinucleotides."1 These mutations often involve
arginine residues at critical positions, resulting either in changes at the
molecules' functional sites or in inappropriate stop codons. About one-third
of patients with haemophilia have new mutations.'2

Using recent advances in genetics, it is possible to offer potential
haemophilia carriers accurate diagnoses in the great majority of cases. This
is particularly useful when assays of coagulation factors (phenotypic analysis)
give uncertain results. Once the defect is known (or if there is an informative
polymorphism of DNA to act as a marker), accurate and rapid antenatal
diagnosis can be carried out from about nine weeks gestation using chorionic
villous sampling.

Classification and clinical manifestations

Haemophilia is classified according to the baseline level of clotting factor.
Severely affected patients have < 1 % of normal factor levels, moderate
patients 1-4%, and mild 5-50%. Patients with severe haemophilia have
frequent and often severe bleeds while those with mild disease may be little
troubled by clinical manifestations. The complications usually associated with
haemophilia are listed in box 1 and an illustrative case history is presented in
box 2.
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Normal sequence
26 23 22 1

3' 3 O 5'

F8A F8A F8A

26 23 22 1

3 5

Mutated sequence

Figure 1 The normal factor VIII gene is
shown in part, together with the extragenic
copies of the F8A gene. In the mutated gene,
the breakpoint at intron 22 and the large
inverted sequence are depicted

Complications of
haemophilia

Bleeding complications
* haemarthrosis - spontaneous/

frequent and disabling in severe
haemophilia

* soft tissue haematomas
* intracranial haemorrhage
* excessive bleeding after surgery

(including dental surgery)
* haematuria, epistaxis (less comon)
* haemophiliac arthropathy and joint

deformity

Complications of treatment
* development of inhibitors
* thrombosis

Infective complications of treatment
* hepatitis C
* HIV
* hepatitis B

Psychosocial complications
* emotional problems of chronic

disease (especially teenagers)
* problems with schooling and
employment

Rare complications
* pseudotumours of bone

Box 1

Life-threatening complications

INTRACRANIAL HAEMORRHAGE
We know from the long established national Swedish register of causes of death,
that before 1920 the median life expectancy of a child with severe haemophilia
was about 11 years. Between 1921 and 1960 this figure gradually increased to
20-30 years. After the discovery of more specific and effective treatment for
bleeding episodes, median life expectancy rose to over 56 years between 1961
and 1980. Data from the Swedish registry show intracranial bleeding was the
single most common cause of death in this era and half the deaths were
preceded by recorded trauma."3 Bleeding elsewhere, if uncontrolled, may also
present a threat to life in the haemophilia patient but death from uncontrolled
mucosal or post-surgical bleeding should now be avoidable.

ACQUIRED IMMUNODEFICIENCY SYNDROME (AIDS)
The recognition of AIDS in patients with haemophilia in 1982'4 marked a
reversal in the continuous improvement in life expectancy and quality of life
experienced in previous years. AIDS has now overtaken fatal intracranial
haemorrhage as the main cause of mortality in patients with severe haemophilia.
The majority of severely affected patients with haemophila treated before 1986
have been infected with HIV, and many who were infected in the early 1980s
have already died of AIDS-related illnesses. In the UK from 1985 - 92, 85% of
deaths in seropositive patients were due to HIV infection.15 There is, at present,
no curative treatment and care is usually undertaken jointly by haemophilia and
HIV specialists.

HEPATITIS
By 1972 it was recognised that clotting factor concentrate could transmit
hepatitis. 16 Vaccination against hepatitis A and B is now universal practice and it
is hepatitis C which currently causes most anxiety.17 Before 1986 almost all
patients given clotting factor concentrates were infected with this virus. The
majority of infected patients develop some evidence of disease ranging from
mild chronic active hepatititis to cirrhosis but so far few have developed hepatic
failure and hepatocellular carcinoma. Most remain asymptomatic and may
never develop any clinical problems. About 10% of patients may develop liver
failure after 20 years or more of infection and co-infection with HIV may
accelerate this process18, as may alcohol abuse. Transmission of hepatitis C to
sexual partners is an infrequent occurrence.

Medical treatment is of limited efficacy. Alpha-interferon is the only licensed
agent but may help only 10-20% of patients to normalise liver function tests
over a sustained period. Results are, if anything, less encouraging for those with
haemophilia than for other groups'9. The reasons for this are uncertain but may
include associated HIV infection, infections with more than one strain of
hepatitis C virus and the duration of infection which in all cases will be greater
than 10 years and may be as much as 30 years. The difficulties of liver
transplantation are compounded by re-infection of the new liver with hepatitis
C after the transplant and most centres are reluctant to offer transplantation for
patients infected with HIV who are already immunosuppressed.

DEVELOPMENT OF INHIBITORS
The development of inhibitory antibodies to factor VIII and factor IX poses a
very difficult problem in the clinical management of haemophilia. Patients
whose haemophilia is due to deletions (especially in haemophilia B) or
nonsense mutations (and who therefore have no native protein) are more likely
to form inhibitors to either factor VIII5 or IX.
The strength of an inhibitor is measured by its ability to 'neutralise' factor

VIII or IX activity in in vitro clotting assays and is expressed in Bethesda units.
Inhibitors may be weak or potent, transient or persistent. They are thought to
affect 10 - 20% of patients with haemophilia A"0 but rarely occur in haemophilia
B. Close surveillance of patients receiving newer factor concentrates, both high-
purity and recombinant, has detected more frequent inhibitor development in
some studies and led to fears that inhibitor formation might be increased in
patients using these concentrates. One prospective study has revealed little
difference between patient groups2' and sequential studies designed to detect
the incidence of inhibitors in previously untreated patients have highlighted the
importance of transient inhibitors and provided reassurance with regard to
inhibitor development and recombinant factor VIII."2 Differences in study
design and frequency of assay may account for discrepant findings'3.

Although the transient nature of many inhibitors is reassuring, on one level it
creates difficulties with regard to the evaluation of immune tolerance regimes
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Illustrative case history

A man, now aged 35. Born with severe
haemophilia A but no family history.
Recurrent severe joint bleeds in elbow
(target joint) and other joints.
Commenced on home treatment.
Severity of bleeding made prophylactic
treatment desirable as already some
degree of deformity was clinically
demonstrable in the elbow and knee.
Some bleeds required admission for
bed rest and eight-hourly treatment.
Insufficient amount of NHS factor
VIII available to meet requirements of
prophylaxis in the 1970s. Therefore,
commenced on commercial
concentrate.
Coped well socially, failed to

manifest typical teenage 'refusal' of
chronic disease. Highly intelligent with
good progress academically. University
education undertaken, leading to
successful business career.
Frequency of bleeding diminished in
1980s. No inhibitors. Excellent quality
of life attained.

1978: hepatitis B

1986: confirmed HIV antibody
positive

1991: confirmed hepatitis C antibody
positive

Remained well despite 'transaminitis'
working full time and receiving 'on
demand' treatment. Took part in
prospective study of interferon therapy
for hepatitis C infection but withdrew
because of side-effects. Bleeding
episodes infrequent, no HIV-related
illness

1995: episode of fulminant hepatic
failure followed by good recovery
with medical treatment.

Should he be offered a liver transplant?

Box 2

for the treatment of inhibitors. Immune tolerance induction involves the daily
administration of clotting factor, often with immunomodulatory drugs. This
approach has been shown to be most successful when administered as soon as
inhibitors are detected. Inevitably this means some patients will be treated for a
problem which would have resolved spontaneously. However, the potential
seriousness of a high-titre inhibitor cannot be over-estimated. Treatment
strategies vary and details are beyond the scope of this article, but outlines are
given in box 3.

Treatment

The treatment options currently open to haemophiliacs are given in box 4.

BLOOD PRODUCTS
Treatment of haemophilia has evolved from 'the shadows towards the light'31
over the past 25 years. Initially, fresh frozen plasma was the only product
available for treatment of bleeding episodes and huge volumes were required.
The discovery that the 'antihaemophilic globulin' was concentrated in
cryoprecipitate 2 helped pave the way to the large scale production of crude
lyophilised cryoprecipitate concentrates. With chromatographic purification,
intermediate purity concentrates of factors VIII and IX became the mainstay of
treatment of factor VIII deficiency through the 1970s and 80s and have been
safe with respect to HIV and hepatitis C transmission, since effective donor
selection and viral inactivation have been available.
There has been some concern that intermediate purity factor VIII

concentrates are associated with immunosuppressive effects.3 These effects
have been attributed to the non-factor VIII plasma proteins in the concentrate
and have contributed to the drive to use high-purity products. High-purity
factor VIII concentrates have an increased concentration of factor VIII and are
free from other plasma proteins, although albumin is added after processing to
stabilise the product. They are recommended34 for the treatment of patients
infected with HIV and are increasingly being used for all patients in the
developed world.

For patients with factor IX deficiency, intermediate purity factor IX is
unacceptably thrombogenic, especially in the context of orthopaedic surgery.
Thrombotic potential is probably due to contaminating activated coagulation
factors. High-purity factor IX is now available and has replaced the
intermediate purity product in the UK. Inhibitors of fibrinolysis should not
be used in conjunction with factor IX therapy.
The dose of factor VIII concentrate administered is based on the calculation

that 1 international unit (IU) of factor VIII per kg of body weight will increase
the plasma level by 0.02 IU/ml. A level of 0.5 IU/ml is considered necessary for
treating most serious muscle or joint bleeds, but for major surgery or head
injuries a level of 1 IU/ml (ie, 100% of normal levels) may be required. The
half-life of factor VIII is eight hours and therefore 8- 12 hourly dosing
schedules are needed. For factor IX the half-life is longer (approximately 18

Treatment of patients with inhibitors to factor VIII or IX

Principle Method Reference

Acute treatments
* swamp inhibitor High dose factor concentrate (for 23

low titre inhibitor)
* alternative species factor VIII Porcine factor VIII 24
* bypass 'block' in clotting cascade Infusion of prothrombin complex 25, 26, 27

concentrates or activated prothrom-
bin complex concentrates. Infusion
of activated factor VII

Chronic treatments (may be commenced in acute situation in addition to above)
* induce immune tolerance Continuous factor VIII infusion 28

and combination regimens
* immune suppression* Cyclophosphamide
* removal of inhibitor Plasma exchange/pheresis, protein 29, 30

A column immunoadsorbtion

*Usually used in conjunction with other modalities of therapy, most notably in the
Malmo regime2

Box 3
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Haemophilia: treatment
options

* factor replacement: intermediate
purity, high purity factor VIII; high
purity factor IX; recombinant factor
VIII; (recombinant factor IX);
porcine factor VIII; activated
prothrombin complex concentrates;
factor VIIa (plasma derived or
recombinant)

* release of endogenous stores:
desmopressin (for mild haemophilia
A only)

* clot stabilisation: tranexamic acid,
epsilon amino-caproic acid (useful
adjunctive therapy in mild
haemophilia)

* topical applications: topical
thrombin (of limited use in gingival/
mucosal bleeding)

Box 4

hours in vivo) and once-daily treatment is sufficient except for the most serious
bleeds. For factor IX, 1 IU/kg body weight will increase the plasma level by
0.01 IU/ml.
Measurement of peak and trough levels should be carried out to guide

treatment and an inhibitor screen should be performed before planned surgery.
In some situations, such as replacement therapy for surgery, the use of
continuous infusion of factor VIII is advantageous as lower doses are required
and troughs are avoided.35

NON-BLOOD PRODUCT HAEMOSTATIC TREATMENT
The hormone desmopressin is capable of raising the plasma level of factor VIII,
two- or three-fold.36 It is thought to work by releasing stores of factor VIII from
the endothelium; therefore, tachyphylaxis occurs after several doses until
reaccumulation of stores can take place. It is only useful in patients with
measurable factor VIII (ie, mild to moderate haemophilia) and is usually given
by slow intravenous infusion at a dose of 0.3 pg/kg. Not all patients respond
predictably and factor VIII levels are checked post-infusion to ensure that a
satisfactory response has occurred. It is now available (on a named patient
basis) for subcutaneous injection and this route greatly enhances its
acceptability in small children. Because of the associated side-effects of fluid
retention and hypertension, the use of desmopressin is not recommended in
patients under two or over 60 years of age. It should not be used in patients with
known ischaemic heart disease or those who have sustained a severe bleed or
injury. Administration of desmopressin is associated with activation of
fibrinolysis and, in general, the concomitant use of a fibrinolytic inhibitor,
such as tranexamic acid or epsilon amino-caproic acid is recommended.
Fibrinolytic inhibitors can also be usefully administered in conjunction with
factor VIII but anti-fibrinolytic therapy is contra-indicated in the presence of
haematuria and is not used with factor IX concentrate.

ADMINISTRATION OF TREATMENT
Treatment can be administered 'on-demand' or prophylactically. Currently the
majority of haemophilia treatment is administered on-demand and this can be
done either in the hospital or the home/community setting. For severe
haemophilia, home treatment is now established as safe and effective and, in
general, is acceptable to this well-motivated group of patients and families.37
For patients with moderate or mild haemophilia, on demand treatment in
hospital is most appropriate. It should be remembered that even mild
haemophilia may result in bleeding severe enough to necessitate vigorous
treatment and hospital admission. Patients and families are encouraged always
to contact the haemophilia centre for advice.

PROPHYLAXIS
The obvious efficacy of treatment and the convenience of use of factor
concentrates has encouraged the concept of prophylactic treatment. Patients
with severe haemophilia experience bleeding episodes 30 times a year or more.
The potential for irreversible joint damage is graphically demonstrated in some
older patients who have survived life-threatening bleeds but whose degree of
permanent joint deformity is testimony to the need for primary prevention of
joint bleeding. This has only been possible since the manufacture of stable factor
concentrates in sufficient amounts was achieved in the 1 970s, although Sweden
was one of the first countries to institute a comprehensive programme of
prophylaxis beginning as early as 1958.38 The aim of prophylaxis is to convert
severe haemophilia to mild/moderate disease by administering sufficient factor
VIII, on a three times a week basis (or factor IX twice a week) to keep trough
levels offactors above 1%. Reporting on the results ofprophylaxis in a population
of 60 severe haemophiliacs, the Malmo group noted older patients had minimal
joint deformity.38 For younger patients (<17 years) the majority had no
detectable joint damage and all 60 patients had good quality of life. It is clear that
joint disease is preventable even in severe haemophilia. The Swedish group
commence prophylaxis between the ages ofone and two years,38 necessitating the
insertion of indwelling venous access with all its attendant problems.

VIRUSES AND CONCENTRATES
It had been recognised since 1972 that hepatitis B and non-A, non-B hepatitis
could be transmitted by clotting factor concentrates'6. With the recognition that
concentrate transmitted HIV infection to haemophilia patients, efforts to
produce virally inactivated concentrates were intensified.3' These have
culminated in the production of a generation of products which are safe and
free from lipid-coated viruses. Some products have undergone double viral
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inactivation steps - for example, dry heating or ultrafiltration may be combined
with a chemical inactivation step such as the use of solvent detergent processes
or sodium thiocyanate'1. Thanks to these measures there have been no cases of
seroconversion from HIV, hepatitis B or C recorded in the UK since 1986.
Despite this significant achievement, caution is warranted because documented
transmission of hepatitis A and parvovirus B19 have occurred in Europe39'40 and
this indicates that non-lipid coated viruses can escape inactivation procedures.

RECOMBINANT FACTOR VIII (rVIII)
Factor VIII derived by recombinant technology is now available in the UK and
should carry no viral risk. Manufacturers, however, add small amounts of
human albumin in order to stabilise their products. A concentrate free of all
human protein is now undergoing clinical trials, as is a recombinant factor IX
concentrate.

The administration of care

THE COMPREHENSIVE CARE CENTRE (CCC) CONCEPT
Although treatment of haemophilia may be seen in the narrow context of
administration of haemostatic medications as outlined above, care of the
haemophilia patient is a much broader issue. The Department of Health
recently recognised this by publishing a Health Service Guidelines document.4"
This firmly establishes the concept of a comparatively small number of
specialised units, able to provide the facilities to deal with the broad range of
problems and complications which can occur in patients with haemophilia. The
protocol requires the establishment of a co-ordinated network of collaboration
with specialists in rheumatology, orthopaedics, HIV and hepatitis, dentistry,
social work, physiotherapy and occupational health. Special arrangements must
be in place to ensure that children receive both expert haemophilia and
paediatric care, usually through joint clinics. CCC's must operate a 24-hour
service for patients (and staff in other centres) for advice and treatment.

Establishing and co-ordinating community and prophylactic care is usually
the responsibility of the CCC but other hospitals may become involved as
haemophilia centres. These centres may also offer a wide range of services but
usually rely on a CCC for some aspects of specialist care such as diagnosis and
the counselling of carriers and patients with regard to genetics and antenatal
diagnosis. The effect of these arrangements has been to limit and regulate the
'market' in healthcare (created by the new National Health Service reforms) for
the benefit of the haemophilia community.

COMMUNITY CARE
With the growth of home treatment and prophylactic treatment programmes,
patients with haemophilia and their families are spending less time in hospital,
both as out- and in-patients. This welcome development is not new42 but has
become more widespread. It has meant that some aspects of care and follow-up
normally attended to in hospital are now carried out in the community by a co-
ordinator42 (usually a haemophilia nurse specialist) who organises aspects such
as home treatment, prophylaxis and vaccination programmes. The haemophilia
nurse specialist may undertake the continuing education of patients and their
families and may also visit schools and community groups when required. The
expansion in the role and responsibility43 of the haemophilia nurse specialist is a
necessary and welcome development in the improvement of services for patients
with haemophilia.

The future

Attention must remain focused on blood product safety to protect the current
cohort of children. It is important that we can reassure their parents that they
will not suffer from transmissible disease and the use of factor VIII derived by
recombinant technology is likely to replace biologically derived factor VIII in
this age group and in previously untreated patients.

Prophylaxis will be more widely used as viral safety is ensured and cost
effectiveness becomes evident. We should aspire to raising the median survival
of patients with haemophilia to approach that of the general population and
simultaneously to improve their quality of life and freedom from disabilty.

It is likely to be some years before gene therapy becomes a reality since there
are many problems still to solve. The ability to create a low resting level of factor
VIII or IX by the introduction of functional cells whose survival and activity can
be ensured over a period of months or years, would transform the care of
haemophilia even if a genetic cure is a more distant goal.
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I N T R O D U C T I O N

Although effective therapy has been available for hemophilia for at least 30 years, many issues
remain unresolved regarding the management of this condition, particularly with reference to
doses and duration of factor replacement therapy for different types of bleeding, immune
tolerance induction, and surgical prophylaxis. 

Many countries that are starting to establish care for hemophilia do not have standard protocols
to ensure the proper management of hemophilia. As the World Federation of Hemophilia (WFH)
has expanded its various programs to improve care for people with hemophilia worldwide, more
and more requests have been made for standard guidelines that are appropriate for countries
where economic resources are limited, to ensure a basic level of care. 

As there were no guidelines for the management of hemophilia with a universal outlook, the
WFH established a working group in 2003 to develop such guidelines. This group, consisting of
Paul Giangrande, Man Chiu Poon, Mary Chua, Angus McCraw, Jerome Wiedel, and Alok
Srivastava (Chair), has worked to put together this document with the exemplary editorial help
of Elizabeth Myles at WFH headquarters. 

In the absence of good evidence for current protocols in practice in the management of hemophilia,
the information included here is mainly adapted from published consensus guidelines from
different centres or countries, including Hemophilia of Georgia (USA), the Association of
Hemophilia Clinic Directors of Canada, the National Hemophilia Foundation (USA), Italian
Association of Hemophilia Centres, Hemophilia Federation, India, and the South African
Hemophilia Foundation. Directors of the International Hemophilia Training Centres of the WFH
as well as all the centres involved in the WFH Twinning Program were consulted. The current
version of these guidelines incorporates the suggestions from many of these physicians, for
which we are extremely grateful and welcome further comments. As and if new evidence is
generated on different aspects of the management of hemophilia, these guidelines will be
updated and revised as necessary.

The purpose of these guidelines is to provide protocols for treatment to centres that are
beginning to establish care for people with hemophilia. They may also help standardize care at
the more established ones. The WFH hopes that as well as helping those less familiar with the
management of this condition, this publication will be a small step towards harmonizing care of
people with hemophilia in the world until evidence-based practice is possible.

Alok Srivastava, MD
WFH Treatment Guidelines Working Group
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S E C T I O N  1

GENERAL MANAGEMENT OF HEMOPHILIA

What is Hemophilia? 

• Hemophilia is an X-linked congenital bleeding disorder with a frequency of about
one in 10,000 births.

• Hemophilia is caused by a deficiency of coagulation factor VIII (FVIII) (hemophilia A)
or factor IX (FIX) (hemophilia B) related to mutations of the clotting factor gene. 

• The number of affected persons worldwide is estimated to be about 400,000.
• Hemophilia A is more common than hemophilia B, representing 80-85% of the total.
• The life expectancy of persons born with hemophilia, who have access to adequate

treatment, should approach normal with currently available treatment.

Diagnosis of Hemophilia 

Accurate diagnosis is important and essential for effective management. Hemophilia should be
suspected in patients presenting with a history of: 

• Easy bruising in early childhood;
• Spontaneous bleeding (particularly into the joints and soft tissue); and
• Excessive bleeding following trauma or surgery. 

While the history of bleeding is usually lifelong, some severe hemophilic children may not have
bleeding symptoms until after the age of one or later when they begin walking and exploring
their world. Patients with mild hemophilia may not have excessive bleeding unless they
experience trauma or surgery.

• A family history of bleeding is commonly obtained. Hemophilia generally affects
males on the maternal side. However, both FVIII and FIX genes are prone to new
mutations, and as many as 1/3 of all patients may not have a family history of these
disorders. 

• Screening tests will show a prolonged activated partial thromboplastin time (aPTT) in
severe and moderate cases but may not show prolongation in mild hemophilia. A
definitive diagnosis depends on factor assay to demonstrate deficiency of FVIII or
FIX.

• The severity of bleeding manifestations in hemophilia is generally correlated with the 
clotting factor level as shown in the following table.
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Bleeding Manifestations in Hemophilia

Sites of bleeding

Incidence of different sites of bleeding

Incidence of bleeding into different joints

Severity Clotting factor level
% activity (IU/ml)

Bleeding episodes

Severe 1% (< 0.01) Spontaneous bleeding, predominantly in joints 
and muscles

Moderate 1%-5% (0.01-0.05) Occasional spontaneous bleeding. Severe bleed-
ing with trauma, surgery

Mild 5%-40% (0.05-0.40) Severe bleeding with major trauma or surgery

• Knee: 45%
• Elbow: 30%
• Ankle: 15%
• Shoulder: 3%
• Wrist: 3%
• Hip: 2%
• Other: 2%

• Hemarthrosis: 70%-80%
• Muscle/soft tissue: 10%-20%
• Other major bleeds: 5%-10%
• Central nervous system (CNS) bleeds: < 5%

Serious

• Joints (hemarthrosis)
• Muscle/soft tissue
• Mouth/gums/nose
• Hematuria

Life-threatening

• Central nervous system (CNS)
• Gastrointestinal (GI)
• Neck/throat
• Severe trauma



Chronic Complications of Hemophilia

• Musculoskeletal complications: 
- Chronic hemophilic arthropathy; 

❍ Chronic synovitis;
❍ Deforming arthropathy;

- Contractures;
- Pseudotumour formation (soft tissue and bone);
- Fracture;     

• Inhibitors against FVIII/FIX;
• Transfusion-related infections of concern in people with hemophilia:

- Human immunodeficiency virus (HIV);
- Hepatitis B virus (HBV);
- Hepatitis C virus (HCV);
- Hepatitis A virus (HAV);
- Parvovirus B19;
- Others.

Carriers

Being an X-linked disorder, the disease typically affects males, while females are carriers.

• Most carriers are asymptomatic.
• A few carriers may have clotting factor levels in the hemophilia range — mostly in

the mild category — but in rare instances, carriers can be in the moderate or severe
range due to extreme lyonization. 

• Carriers with factor levels in the hemophilia range may have bleeding manifestations 
commensurate with their degree of clotting factor deficiency, particularly during
trauma and surgery. 

• Menorrhagia is a common manifestation among those with significantly low factor
levels (< 30%). Birth control pills and antifibrinolytic agents are useful in controlling
symptoms. 

• These carriers should be categorized as having hemophilia of appropriate severity and
managed accordingly.

• Immediate female relatives (mother, sisters, and daughters) of a person with
hemophilia should have their factor level checked, especially prior to any invasive
procedure or if any symptoms occur.

Comprehensive Care 

Hemophilia is a relatively rare but complex disorder in terms of diagnosis and management.
Optimal management of these patients, especially those with severe forms of the disease, requires
more than the treatment and prevention of acute bleeding. 
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Keys to improvement of health and quality of life include:

• Prevention of bleeding;
• Long-term management of joint and muscle damage and other sequelae of bleeding;
• Management of complications from treatment including: 

- Inhibitor development; and 
- Viral infection(s) transmitted through blood products requiring long-term

management.

These management goals are best met by a team of healthcare professionals providing 
comprehensive care. 

Comprehensive care team

Hemophilia patients should ideally be managed in a comprehensive care centre staffed by the
following core team members:

• Hematologist(s);
• Nurse coordinator; 
• Physiotherapist; and
• Social worker.

These staff members should have expertise and experience in treating bleeding disorders. The
core team members should have access to the following support resources:

• A coagulation laboratory capable of clotting factor assays and inhibitor detection;
• Appropriate clotting factor concentrates, either plasma derived or recombinant; and
• If clotting factor concentrates are not available, a blood bank with expertise in

preparing fresh frozen plasma (FFP) and cryoprecipitate. 

Specialists should be available as consultants, as needed, and should include, among others, 
the following: 

• Orthopedic surgeon; 
• Physiatrist/rheumatologist;
• Occupational therapist;
• Dentist; 
• Geneticist; 
• Hepatologist;
• Infectious disease specialist; and 
• Immunologist. 

In centres where there are many patients with chronic musculoskeletal problems from frequent
bleeding, an orthopedic surgeon should be a core team member. Additional specialists could
also be members of the core team, depending on the needs of the patient population served. 



Functions of comprehensive care program

• To provide or coordinate care and services to patients and family:
- Patients should be seen by all team members at least yearly (children every 6 

months) and a comprehensive management plan should be communicated to
the patient and all treaters.

- Smaller centres and personal physicians can provide day-to-day care in coordination
and consultation with the comprehensive care centre, particularly for patients who
live a long distance from the nearest hemophilia treatment centre. Communication 
is important.

• To provide education to patients and family members (parents, spouse, children, and 
others), other healthcare workers, schools, and the workplace to ensure that the
needs of the person with hemophilia are met.

• To conduct research to further our knowledge and improve the management of this 
condition. Because the number of patients in each centre may be limited, clinical
research could best be conducted in collaboration with other hemophilia centres.

• Documentation of the treatment given and measurement of long-term outcome,
particularly with reference to musculoskeletal function, is very important. 

The family

Since hemophilia is a lifelong condition, requires expensive treatment, and can be life-
threatening, it significantly affects many aspects of family life. It is, therefore, important that
parents, spouses, and other family members are educated, supportive, and active participants
in all aspects of the patient’s care. 

The comprehensive care team should have the resources to support family members of a
person with hemophilia. This may include identifying resources and strategies to help cope
with:

• Risks and problems of everyday living, particularly with management of bleeding; 
• Changes during different stages of the patient’s growth and development; 
• Issues regarding schooling and employment; and
• Risk of another affected child and the options available.

This is accomplished through education and counselling, as well as identifying and using
community resources. All family members are encouraged to become involved with the
comprehensive care team in order to best meet the needs of the patient.

Management of Hemophilia

Principles of care

The general principles of care for hemophilia management include the following:

• Prevention of bleeding should be the goal.
• Acute bleeds should be treated early (within two hours, if possible).
• Home therapy should be used to manage only uncomplicated mild/moderate

bleeding episodes. 
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• All severe bleeds should be managed in the clinic or hospital setting. 
• Clotting factor concentrate replacement or DDAVP should be given to achieve

appropriate factor levels prior to any invasive procedures. 
• As much as possible, patients should avoid trauma by adjusting their lifestyle. 
• Patients should be advised to avoid use of drugs that affect platelet function,

particularly acetylsalicyclic acid (ASA) and non-steroidal anti-inflammatory drugs
(NSAIDs), except certain COX-2 inhibitors. The use of paracetamol/acetaminophen is
a safe alternative for analgesia.

• Intramuscular injections, difficult phlebotomy, and arterial punctures must be avoided. 
• Regular exercise should be encouraged to promote strong muscles, protect joints, and

improve fitness.
• Contact sports should be avoided, but swimming and cycling with appropriate gear

should be encouraged.

Management of bleeding

• During an episode of acute bleeding an assessment should be performed to identify
the site of bleeding and treatment should be given early. 

• Patients usually recognize early signs of bleeding even before manifestation of
physical signs – they often experience a tingling sensation or “aura”. Treatment at
this stage will stop bleeding early, resulting in less tissue damage and the use of less
clotting factor concentrates.  

• All patients should carry easily accessible identification indicating the diagnosis,
severity, inhibitor status, type of product used, and contact information of the treating
physician/clinic. This will facilitate management in an emergency and prevent
unnecessary investigations before treatment.

• In severe bleeding episodes, especially in the head, neck, chest, and gastrointestinal
and abdominal regions that are potentially life-threatening, treatment should be
initiated immediately, even before assessment is completed.

• If bleeding does not resolve, despite adequate treatment, clotting factor level should
be monitored and inhibitors should be checked if the level is unexpectedly low. 

• Administration of desmopressin (DDAVP) can raise FVIII level sufficiently high (2-8
times baseline levels) in patients with mild to moderate hemophilia A. 

Adjunctive management

The following treatment strategies are important, particularly where clotting factor
concentrates are limited or not available, and may lessen the amount of treatment products
required. 

• RICE (rest, ice, compression, and elevation) is an important adjunctive management
for bleeding in muscles and joints in addition to increasing factor level with clotting
factor concentrates or desmopressin in mild hemophilia A. Bleeding muscles and joints
can be kept at rest by splinting, casting, or using crutches or a wheelchair. Application
of cold/ice packs is useful to decrease inflammation, but ice should be wrapped in a
towel and not be applied directly to the skin. It is recommended that ice be applied
for 20 minutes, every four to six hours, until swelling and pain decrease. 

• Antifibrinolytic drugs (e.g., tranexamic acid, epsilon amino caproic acid) for 5-10 days
is effective as adjunctive treatment for mucosal bleeds (e.g., epistaxis, mouth bleed)
and is used to decrease the use of coagulation products in dental extractions. These



drugs should be avoided in renal bleeding as unlysed clots in the renal pelvis and
ureter can behave like stones resulting in ureteric colic and obstructive nephropathy.
Antifibrinolytic drugs should not be given concurrently with non-activated or activated
prothrombin complex concentrates because of potential thrombotic complications.
(See Section 4: Guidelines for the Selection of Clotting Factor Concentrates and
Other Drugs)

• Certain COX-2 inhibitors may be used judiciously for joint inflammation after an
acute bleed and in chronic arthritis. 

Home therapy

Home therapy allows immediate access to treatment, and hence optimal early treatment. This
is ideally achieved with clotting factor concentrates or other lyophilized products that are safe
and can be stored in a domestic fridge and reconstituted easily. However, home therapy is
possible (though may be difficult) even with cryoprecipitate, provided the patients have a
simple but reliable storage freezer at home – but concentrates should not be frozen. 

• Home treatment must be supervised closely by the comprehensive care centre and be 
started after adequate education and preparative teaching. A certification program
can be instituted and the technique monitored at comprehensive visits.

• Teaching should include recognizing a bleed and its common complications, dosage 
calculation, preparation, storage, and administration of clotting factor, aseptic
techniques, performing venipuncture (or access of central venous catheter), record
keeping, as well as proper storage and disposal of needles and handling of blood spills. 

• Encouragement, support, and supervision are key to successful home therapy and
periodic reassessment of educational needs, techniques, and compliance must be
performed. A periodic re-certification program can be instituted.

• Patients or parents should keep bleeding records that include date and site of bleeding,
dosage and lot numbers of product used, as well as any adverse effects. 

• Home care can be started on young children with adequate venous access and
motivated family members who have undergone adequate training. Older children
and teenagers can learn self-infusion with family support.

• An implanted venous access device (Port-A-Cath) can make injecting treatment much 
easier, however, they can be associated with local infection and thrombosis.
Therefore, the risks and benefits should be weighed and discussed with the patient
and/or parents. 

Prophylaxis

Prophylaxis is the administration of clotting factors at regular intervals to prevent bleeding
and must be the goal of all hemophilia care programs until a cure is available.

• The practice of primary prophylaxis was conceived from the observation that moderate
hemophilia patients with clotting factor level > 1% seldom have spontaneous bleeding
and have much better preservation of joint function. Prophylactic replacement of
clotting factor has been shown to be useful even when factor levels are not maintained
above 1% at all times.

• In patients with repeated bleeding, particularly into specific joints (target joints),
short-term secondary prophylaxis for 4-8 weeks can be used to interrupt the bleeding
cycle. This may be combined with intensive physiotherapy or synoviorthesis.

Guidelines for the Management of Hemophilia 9
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• Prophylactic administration of clotting factor concentrates is advisable prior to
engaging in activities with higher risk of injury to prevent bleeding. 

• Currently the most commonly suggested protocol for prophylaxis is the infusion of
25-40 IU/kg of clotting factor concentrates three times a week for those with
hemophilia A and twice a week for those with hemophilia B. However, it should be
recognized that many different protocols are followed for prophylaxis, even within
the same country, and the optimal regimen remains to be defined. Different clotting
factor replacement protocols for prophylaxis are currently being evaluated. 

• Such a regimen in younger children often (but not always) requires the insertion of a
venous access device that must be kept scrupulously clean to avoid infectious
complications and be adequately flushed after each administration to prevent clots 
developing in the line. The risks and morbidity associated with such devices should
be weighed against the advantages of starting prophylaxis early.

• Primary prophylaxis, as currently practiced, is an expensive treatment and can be 
accomplished only if significant resources are allocated to hemophilia care, as in
developed countries, and for a few patients in developing countries who can afford
it. However, prophylaxis has been shown to decrease joint bleeding with preservation
of joint function and improve quality of life. Therefore, it is cost-effective in the long
term because it eliminates the high cost associated with subsequent management of
damaged joints. Cost-efficacy studies designed to identify minimum dosage are
necessary to reduce the cost of care and allow access to prophylaxis in more of the
world.

Surgery

The following issues are of prime importance when performing elective surgery on persons 
with hemophilia:

• Surgical procedures should be performed in co-ordination with a team experienced in
the management of hemophilia.

• Procedures should take place in a centre with adequate laboratory support for reliable 
monitoring of clotting factor level.

• Pre-operative assessment should include inhibitor screening. 
• Surgery should be scheduled early in the week and early in the day for optimal

laboratory and blood bank support, if needed. 
• Availability of sufficient quantities of clotting factor concentrates should be ensured

before undertaking major surgery for hemophilia.
• The dosage and duration of clotting factor concentrate coverage depends on the type

of surgery performed (see Table 1, page 45). 

Inhibitors 

About 10%-15% of hemophilia A patients and 1%-3% of hemophilia B patients may develop
persistent inhibitors rendering treatments with factor concentrates difficult. The following
should be kept in mind:

• The majority of patients who develop inhibitors do so early – within the first 10-20 
exposure days. 

• Patients more likely to develop inhibitors are those with severe gene defects such as
gene deletion or inversion, nonsense, and frameshift mutations.



• Inhibitors may be transient despite continual specific factor replacement, usually when
the titre is low (< 5 BU).

• Patients whose inhibitor titres are x 5 BU (high responders) tend to have persistent
inhibitors. If not treated for a long period, titre levels may fall but there will be a
recurrent anamnestic response in 3-5 days when challenged again. 

• For children, inhibitors should be screened once every 3-12 months or every 10-20
exposure days, whichever occurs first, and for adults as clinically indicated. 

• Inhibitors should also be screened prior to surgery, and when clinical response to
adequate treatment is sub-optimal. 

• Very low titre inhibitors may not be detected by the Bethesda inhibitor assay, but by
a poor recovery and/or shortened half-life (T-1/2) following clotting factor infusions. 

Management of bleeding

• Management of bleeding in patients with inhibitors must be in consultation with a
centre experienced in the management of such patients, and all serious bleeds should
be managed in these centres. 

• Choice of product should be based on titre of inhibitor, records of clinical response
to product, and site and nature of bleed.

• Patients with a low-responding inhibitor may be treated with specific factor replace-
ment at a much higher dose, if possible, to neutralize the inhibitor with excess factor
activity and stop bleeding.

• Patients with a history of a high responding inhibitor but with low titres may be
treated similarly in an emergency, until an anamnestic response occurs, usually in 
3-5 days, precluding further treatment with treatment products. 

• With an inhibitor level x 5 BU, the likelihood is low that specific factor replacement
will be effective in overwhelming the inhibitor without high dose continuous
infusion therapy. 

• Alternative agents for hemophilia inhibitor patients include bypassing agents, such
as recombinant factor VIIa and prothrombin complex concentrates, including the
activated ones such as FEIBA® and Autoplex®. 

Allergic reactions in hemophilia B patients with inhibitors

Hemophilia B patients with inhibitors have special features, in that up to 50% of cases
may have severe allergic reactions, including anaphylaxis to FIX administration. Thus,
newly diagnosed hemophilia B patients, particularly those with a family history and/or
with genetic defects predisposed to inhibitor development, should be treated in a
clinic/hospital setting capable of treating severe allergic reactions during the initial 10-20
treatments with FIX concentrates. Reactions can occur later but may be less severe.

Immune tolerance induction

• In patients with hemophilia A and inhibitors, eradication of inhibitors is often possible
by immune tolerance induction (ITI) therapy. Different dosing regimens have been
used and the optimal regimen remains to be defined.

• Before ITI therapy, high responding patients should avoid FVIII products to allow
inhibitor titres to fall and to avoid persistent anamnestic rise. Some patients may
react to the inactive FVIII molecules in FEIBA® as well.

• There is no general agreement on the optimal dosage and frequency of dosage for ITI 
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and an international trial is ongoing to compare 50 IU/kg three times a week to 
200 IU/kg daily. 

• Experience with ITI for hemophilia B inhibitor patients is limited. The principles of
treatment in these patients are similar to those mentioned above, but the success rate
is much lower, especially in persons whose inhibitor is associated with an allergic
diathesis. Furthermore, hemophilia B inhibitor patients with a history of severe
allergic reactions to FIX may develop nephrotic syndrome during ITI, which is not
always reversible upon cessation of ITI therapy.

Patients switching to new concentrates 

For the vast majority of patients, switching products does not lead to the development of
inhibitors. However, in rare instances inhibitors in previously treated patients have occurred
with the introduction of new FVIII concentrates. In those patients, the inhibitor disappeared
only after withdrawal of the offending product. Therefore, patients switching to a new
factor concentrate should be monitored for inhibitor development.

Genetic Counselling/Prenatal Diagnosis

• Genetic counselling is an important part of hemophilia care to help people with 
hemophilia, carriers, and their families make more informed choices about having
children where there is a possibility of having a child with hemophilia. It includes a
wide range of tests for diagnostic and carrier detection, as well as individual counselling.

• Prenatal diagnosis is usually offered when termination of the pregnancy would be 
considered if an affected fetus was identified. However, it may also be done for helping
the family to be prepared and for planning delivery. Assisted delivery is best avoided
if the fetus has hemophilia.

• Chorionic villous sampling (CVS), or biopsy, is the main method of prenatal diagnosis
and can be done at 10-11 weeks of gestation. It should not be carried out before this,
as earlier biopsy may be associated with fetal limb abnormalities.

• Amniocentesis can be done at 12-15 of weeks of gestation.
• All invasive methods used for prenatal diagnosis may cause feto-maternal

hemorrhage, and anti-D immunoglobulin should be given if the mother is Rh D
negative.

• Because these procedures are carried out early in a pregnancy before the factor VIII
level has risen significantly, hemostatic support may be required to prevent maternal
bleeding, if the maternal levels are below 50%.

Delivery of Infants with Known or Suspected Hemophilia

• The delivery of infants with known or suspected hemophilia should be atraumatic to
decrease the risk of bleeding. Avoid using forceps or vacuum extraction in vaginal
delivery, and invasive procedures to the fetus, such as fetal scalp blood sampling and
internal fetal scalp electrodes. 

• In carriers with significantly low factor levels (< 50%), clotting factor replacement is 
necessary for surgical or invasive procedures, including delivery, even though FVIII
levels usually rise into the normal range during the second and third trimesters. The
need for clotting factor replacement should be planned in the prenatal period.



Vaccination

Persons with bleeding disorders should be vaccinated, but should receive the vaccine
subcutaneously, not intramuscularly. The following points should be considered:

• Live virus vaccines (such as oral polio vaccine, MMR) should be avoided in those
with HIV infection.

• People with hemophilia who have HIV should be given pneumococcal and annual 
influenza vaccines. 

• Immunization to hepatitis B and A is important for all persons with hemophilia and
can be given by subcutaneous rather than intramuscular injections. 

• Family members handling treatment products should also be vaccinated; however,
this is less critical for those using viral-inactivated products. 

Psychosocial Issues 

A person with hemophilia and his family need psychological and social support in coping with
an illness that is chronic, often painful, and sometimes life-threatening. It is a financial burden
and places restrictions on several aspects of normal living.

The following are guidelines for helping persons with hemophilia and their families to deal with
the psychosocial aspects of this illness.

• When delivering the news about the diagnosis, prepare the patient for bad news,
discuss it with them in simple terms, and allow them to express their feelings about
the news. What they need is reassurance that help as well as treatment is available. 

• When there are setbacks, acknowledge them, and assist the patient to work through
his emotions. Provide care and support patiently.

• When a patient has to undergo a procedure of any kind, explain the procedure carefully
and in terms he can understand. Be open about the amount of pain involved and
possible complications. Answer questions that the patient may have.

• Coping with a chronic illness can result in burnout. Be aware of the signs and assist
the patient in working through this period in his life. Provide suggestions and support
for coping mechanisms.

• In the case of children, talk to them, not just their parents. Many children can under-
stand a good deal about their illness and can work with the physician if properly
informed and educated.

• Do not neglect the siblings that are healthy.
• The social worker should provide support for the patient and the family. Where

social workers are unavailable, enlist the assistance of local groups and organizations
to provide much-needed support.

• The physician should serve as a resource person for these important support
networks.

Daily living

• Persons with hemophilia can perform usual tasks and, therefore, should be encouraged
to engage in productive and leisure activities at home, in the workplace, and in
recreation areas. 
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• Persons with hemophilia must be reassured that they have the care and moral
support of others so they do not become isolated and experience depression. 

The following are basic guidelines for the various persons/groups concerned.

For the person with hemophilia

The person with hemophilia should be encouraged to:

• Accept himself as a person with hemophilia who can successfully function in society
despite this chronic condition.

• Accept his own strengths and limitations and not blame himself or others for having
hemophilia.

• Think and act positively. Continue with his usual tasks, choosing activities that have
lower risk of injury. 

• Feel confident sharing with a family member or a friend his feelings and experiences
of his health condition.

• Always have contact numbers or addresses of people, clinics, and health centres that
can provide immediate information and necessary medical attention when needed. 

For the family

• The patient and all family members must recognize and acknowledge the presence of
hemophilia within the family. 

• Every member of the family must be provided with at least basic information on the 
physical, psychological, and economic dimensions of hemophilia.

• Family members with no hemophilia must be available to provide emotional,
physical, and spiritual support, if needed, to the member with hemophilia.

• Family members must become aware of emotional or attitudinal changes of the person
with hemophilia as this may indicate stress that may be related to bleeding occurrences,
physical pain, or emotional difficulty that may need immediate intervention.

• Family members, as caregivers, must try to be calm when bleeding, pain, and other 
hemophilia signs and symptoms occur in the patient in order to demonstrate that
this condition can be calmly managed at home or anywhere.

• When the need for medical attention or hospitalization is necessary, family members
must be able to recognize this need and be available to assist immediately and in
whatever way possible to avoid further complication.

• The person with hemophilia should always be encouraged to socialize with other
members of the family and within the community.

• Indoor as well as outdoor activities with lesser risks of injury or harm to the person
with hemophilia must be encouraged. 

• A young, active child with hemophilia commonly has numerous bruises. Parents
may be wrongfully accused of child abuse. 

For the community

• Basic information and education should be given to the community where there is
an identified member with hemophilia, provided the patient/family consents. By
doing so community members will be more willing and available to respond to the 



person with hemophilia’s needs. Community members must be fully informed that
hemophilia is not a communicable disease and, therefore, a person with hemophilia
should be encouraged to participate in any community activity.

Dental Care

For persons with hemophilia, good oral hygiene is essential to prevent gingival and periodontal
disease.

• Teeth should be brushed at least twice daily for plaque control.
• Toothpaste containing fluoride should be used.
• Mouthwashes of triclosan or chlorhexidine can also help reduce plaque.
• Dental floss or interdental brushes help reduce plaque.
• People with bleeding disorders need close cooperation between their physician and

their dental practitioner to receive safe, comprehensive dental care. 

Guidelines for regular dental treatment of persons with bleeding disorders are as follows:

• Dental appointments for children with bleeding disorders, as well as education in 
preventive dentistry of children and caregivers, should be started when the baby
teeth begin to erupt. 

• Deep injections, surgical procedures – particularly those involving bone (extractions,
dental implants) – or regional local anesthetic blocks should be performed only after
clotting factor level has been appropriately increased. 

• Oral infections should be treated with antibiotics before any surgical procedure 
is performed.

• Comprehensive dental assessment is needed at the age of about 12 or 13, to plan for
the future and to decide how best to forestall difficulties resulting from overcrowding
or misplaced third molars or other teeth.

• For people with mild or moderate hemophilia, non-surgical dental treatment can be
carried out under antifibrinolytic cover (tranexamic acid or epsilon aminocaproic
acid), but a hematologist must be consulted before other procedures are done.

• For people with mild hemophilia A (FVIII > 5%), scaling and some minor surgery may
be possible under desmopressin (DDAVP) cover. (See Section 4, Guidelines for the
Selection of Clotting Factor Concentrates and Other Drugs) 

• For those with severe hemophilia, factor replacement is necessary before surgery or 
regional block injections or scaling. (See Section 5, Treatment of Bleeding in
Hemophilia for details)

• Local use of fibrin glue and swish-and-swallow rinses of tranexamic acid before and
after dental extractions are safe and cost-effective methods to help control bleeding. 

• Tranexamic acid used topically significantly reduces bleeding. Ten ml of a 5% solution
used as a mouth rinse for two minutes, four times daily for seven days is recommended.
It may be used in combination with oral tranexamic acid tablets for up to five days.
(See Section 4, Guidelines for the Selection of Clotting Factor Concentrates and
Other Drugs)

• Bleeding can be aggravated by painkillers (analgesics) such as ASA or other NSAIDs
such as indomethacin. Paracetamol/acetaminophen and codeine are safe alternative
analgesics.
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• After tooth extraction, a diet of cold liquid and minced solids should be taken for 
5-10 days. Smoking should be avoided.

• Any swelling, difficulty swallowing (dysphagia), or hoarseness must always be reported
to the dentist/hematologist immediately.

• Presence of blood-borne infections in the person with hemophilia should not influence
access to dental care.

• Antibiotic prophylaxis should be administered to patients with prosthetic 
joint replacements.

• All precautions, as for any surgical procedure, should be taken.

People with hemophilia or congenital bleeding tendencies are a priority group for dental and
oral health care, since bleeding after dental treatment may cause severe or even fatal
complications. Maintenance of a healthy mouth and prevention of dental problems is of great
importance, not only to quality of life and nutrition but also to avoid the dangers of surgery.

Monitoring Outcome of Treatment

Patients should be evaluated once every 6-12 months for the following:

• Musculoskeletal status: measure clinical scores annually, and radiological scores, as
indicated;

• Use of clotting factor concentrates;
• Inhibitor development: perform screening tests for inhibitors as mentioned above;
• Transfusion-related infections (if appropriate): evaluate for HIV, HCV, and HBV

infections commonly, and other infections if indicated; and
• Quality of life.

Sports and Hemophilia

• Sports activities should be encouraged to promote muscle strengthening and
increased self-esteem. The choice of sports should reflect an individual’s preference,
ability, physical condition, local customs, and resources.

• Low impact activities such as swimming and golf should be encouraged. High contact
sports such as football, rugby, boxing, and wrestling are not advised. The patient
should consult with a physician before engaging in sports activities to discuss
appropriateness, protective gear, and prophylaxis prior to the activity.

• Organized sports programs should be encouraged as opposed to unstructured activities,
where protective equipment and supervision may be lacking.



S E C T I O N  2

LABORATORY DIAGNOSIS

Introduction

Different bleeding disorders may have very similar clinical symptoms. In order to ensure that a
patient gets the appropriate treatment, a correct diagnosis is essential. This section provides
general guidelines for the diagnosis of hemophilia. For detailed information on technical aspects
and specific instructions on screening tests and factor assays, please consult the WFH laboratory
manual, Diagnosis of Hemophilia and Other Bleeding Disorders. 

Accurate diagnosis can only be made with the support of a comprehensive and accurate laboratory
service. It is dependent on the laboratory following strict protocols and procedures, which
require: 

• Knowledge and expertise in coagulation laboratory testing;
• Use of the correct equipment and reagents; and 
• Quality assurance.

Knowledge and Expertise in Coagulation Laboratory Testing 

Principles of diagnosis

• Understanding the clinical features of hemophilia and the appropriateness of the
clinical diagnosis.

• Using screening tests to identify the potential cause of bleeding, for example, platelet
count, bleeding time (BT), prothrombin time (PT), activated partial thromboplastin 
time (APTT).

• Confirmation of diagnosis by factor assay.

Technical aspects 

Preparation of the patient prior to taking a blood sample

• Patients should be told to fast before blood tests. Fasting allows the blood to clear
excess lipids, which may affect measurement of proteins in automated analysers. 

• Patients should be told to avoid medications that can affect test results — such as
ASA, which can severely affect platelet function and prolong the bleeding time. 

Collecting the sample

• The sample should preferably be collected near the laboratory to ensure quick transport
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to the lab. In case of a delay in transportation (> 1 hour), the sample should be
transported on ice – in such cases, the sample should be drawn only after the patient
has rested for 15-30 minutes.

• Venipuncture must be clean and the sample collected within one minute of
tourniquet application without much venous stasis. 

• Blood should be withdrawn into a plastic syringe with a butterfly short needle (19-21 
standard wire gauge [SWG] for adults and 22-23 SWG for small children). 

• Blood from an indwelling catheter should be avoided for coagulation tests. Frothing
of the blood sample should also be avoided. It is often useful to discard the first 2 ml
of blood collected. 

• The sample should be collected in citrate tubes (3.2% aqueous trisodium citrate
dihydrate or 3.8% aqueous trisodium citrate pentahydrate are suitable anticoagulants)
maintaining the proportions of blood to citrate as 9:1. 

• Prompt and adequate mixing with citrate solution should be done by gentle
inversion.

• The sample should be processed immediately. If there is delay in doing the tests, the
platelet-poor plasma (PPP) (see below) should be prepared and stored at 4°C where it
can remain for two hours before performing the assay. If the tests are to be done
much later, the plasma should immediately be frozen at -30°C where it can be stored
for a few weeks, or up to six months if stored at -70°C.

End-point detection

Many laboratories now have some form of semi- or fully automated coagulation analysers.
However, for those using a manual technique, detecting the clotting end point accurately
requires considerable expertise, particularly if the clotting time is prolonged and the clot is
thin and wispy. 

• It is important to adopt a uniform convention to be followed in the laboratory for 
consistency to detect the end point of the clotting.

• The tube should be dipped in and out of the water bath at an angle to observe the
clot so that the temperature at which clotting proceeds remains constant (37°C).

Preparation of platelet-poor plasma (PPP)

• This is prepared by centrifugation of a sample at 2,000 g (3,500 rpm in ordinary 
standard bench centrifuge) for 15 minutes (at 4°C if possible).

• PPP may be kept at room temperature (20°-25°C) for PT and factor VII assay, but 
for all other tests it is better kept at 4°C.

• Testing should preferably be done within two hours of collection; otherwise PPP 
should be frozen at -30°C to -70°C as explained above.
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Screening tests 

• The following tests may be used to screen a patient suspected to have a bleeding
disorder: platelet count, BT, PT, and APTT.

• Based on these tests, the category of bleeding disorder may be identified 
(See table below).

• These screening tests may not detect abnormalities in patients with mild bleeding
disorders and in those with factor XIII (FXIII) deficiency or those with low fibrinolytic
inhibitor activity (alpha 2 antiplasmin, PAI-1).

Correction (mixing) studies

• Correction or mixing studies using normal pooled plasma (NPP) will help to define
whether prolonged coagulation times are due to factor deficiency or circulating 
anticoagulants of inhibitors. (For details of testing for inhibitors, see the WFH 
Laboratory Manual.)

• Correction studies with FVIII/IX-deficient plasma may be used to identify the
particular deficiency if a factor assay is not possible.

Factor assay

Factor assay is required in the following situations:

• To determine diagnosis (For technical details, see WFH Laboratory Manual.)
• To monitor treatment

- The laboratory monitoring of clotting factor concentrates is possible by performing
pre- and post-infusion clotting factor levels. 

- The actual amount of infused clotting factor given to the patient should predict 
the rise in blood levels. This approach is especially important when surgical 
procedures are to be performed. It is also useful for documenting dose-response
relationship. 

- Lower than expected recovery may be an early indicator of the presence of 
inhibitors. 

• To test the quality of cryoprecipitate
- It is useful to check the FVIII concentration present in cryoprecipitate as part of
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PT APTT BT
Platelet
count

Normal Normal Normal Normal Normal

Hemophilia
A or B

Normal Prolonged Normal Normal

VWD Normal
Normal or
prolonged

Normal or
prolonged

Normal or 
reduced

Platelet defect Normal Normal
Normal or
prolonged

Normal or
reduced
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the quality control of this product. The American Association of Blood Banks guide-
lines currently recommend a factor VIII content of 80 units per bag.

• To detect carriers 
- The phenotypic or genetic analysis of carriers of hemophilia requires an expertise 

that may not be available in many laboratories. 
- In the case of phenotypic analyses, a ratio of the factor VIII:C (FVIII:C) to von 

Willebrand factor antigen (VIII:C/VWF:Ag) is normally 1.0. A result of less than 
0.7 gives an 80% chance of a female being a carrier. These tests should be repeated
before a diagnosis is confirmed. (For more details, see the WFH Laboratory Manual.)

- Because some obligate carriers may have a normal FVIII:C/VWF:Ag ratio, it may 
not be possible to detect carriers of hemophilia phenotypically in all cases. 
Genotypic testing is, therefore, a more precise method of carrier detection based 
on linkage analysis or direct identification of the mutation. 

Trained personnel

Even the simplest coagulation screening tests are complex by nature. A technologist with an
interest in coagulation requires an in-depth understanding of the tests in order to achieve
accurate results. It is beneficial to have a technologist who has had further training in a
specialist centre.

• The WFH offers fellowships for more specialized laboratory training usually at an 
international hemophilia training centre. 

• A training-the-trainers course has been devised by the WFH so that trained tech-
nologists can train others who then return to their countries and continue the
process. 

• Lab workshops are a key part of WFH activities. The aim of these workshops is to 
demonstrate and teach practical coagulation skills, conveying the message that good
results can be obtained using basic equipment and technology provided that “good
laboratory practice” is observed. These skills can then be adapted to more automated
technology.

Use of the Correct Equipment and Reagents

Equipment and reagents are the tools of the trade of any laboratory. The following requirements
are requisite for accurate laboratory testing.

Equipment

• A water bath – this should be placed in a well-lit area. The temperature of the bath
should be 37°C ± 0.5°C.

• A good light source should be provided near the water bath to accurately observe the
clot formation. 

• Stopwatches are needed for timing.
• Automated pipettes (either fixed or variable volume) capable of delivering 0.1 ml and

0.2 ml accurately are required.
• Clean soda glass test tubes (7.5 cm x 1.2 cm) should be used for clotting tests and

reuse is not recommended.



• Similarly, reutilization of plastic or glassware consumables should be avoided
whenever possible, unless strict washing guidelines are followed. Plasticware used in
coagulation analysers should not be reused.

• A number of semi-automated and fully automated coagulometers are now available.
This equipment has the following advantages:
- Accuracy of end-point reading.
- Ability to perform multiple clot-based assays.
- Reduction of observation errors. The end point of the reaction is measured 

electromechanically or photoelectrically.
- The reactions are carried out in polystyrene (clear) cuvettes instead of glass tubes. 

All equipment requires maintenance to be kept in good working order. 

• When equipment is purchased, consideration should be given to and resources put
aside for regular maintenance by a product specialist.

• Pipettes should be checked for accurate sample delivery. 
• Water baths, refrigerators, and freezers should have regular temperature checks.

Reagents

• It is good practice to ensure continuity of supply of a chosen reagent, with attention
paid to continuity of batches and long shelf life. This can be achieved by asking the
supplier to batch hold for the laboratory, if possible. 

• Changing to a different source of material is not recommended unless there are
supply problems or because of questionable quality with results. Different brands
may have completely different sensitivities and should not be run side by side. 

• Instructions supplied with the reagent should be followed. A reference centre should
be contacted when in doubt. 

• Particular attention should be paid to reagent stability. Once a reagent is
reconstituted or thawed for daily use, its quality will deteriorate rapidly, especially at
high temperatures. 

• Once an appropriate test and reagents have been decided upon, normal ranges
ideally should be defined.

Quality Assurance

• Quality assurance (QA) is an overall term used to describe all measures taken to
ensure the reliability of laboratory testing and reporting. 

• QA covers all aspects of the diagnosis process from sample-taking, separation and 
analysis, and internal quality control (IQC) through to reporting of the result and
ensuring that it reaches the clinician. 

• IQC is used to establish whether a series of techniques and procedures is being
performed consistently over a period of time. Normal and abnormal plasma samples
should be included for this.

• It is the responsibility of everyone involved to make sure that the procedures are
followed in the correct manner.

• Participation in an external quality assessment scheme is an essential part of QA.
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External quality assessment scheme (EQAS)

It is strongly advised that laboratories participate in an external quality assessment scheme
(EQAS). Essentially this is a scheme that audits the effectiveness of the internal QA systems in
place in a laboratory and gives a measure of the laboratory’s competence. 

• EQAS helps to identify the degree of agreement between the laboratory results and
those obtained by other laboratories. 

• Participation in such a scheme helps build the confidence between a laboratory and 
its users. 

• The WFH/World Health Organization (WHO) EQAS is specifically designed to meet
the needs of hemophilia treatment centres worldwide. The scheme includes analyses
relevant to the diagnosis and management of bleeding. Details of this scheme, which
is operated from the U.K. National Quality Assessment Scheme in Sheffield, can be
obtained from the WFH. 

• Other national and international quality assessment schemes are also available.

In order for a laboratory to attain a high level of testing reliability and to participate successfully
in EQAS, it must have access to international reference materials and standards and must
ensure adequate and ongoing training of its staff.

Reference materials and standards

Reference materials and standards are essential for standardization of tests and assay
procedures being used in the laboratory. They provide an easy reference without which
accurate results cannot be guaranteed. 

• Normal pooled plasma traceable to a WHO international reference material can be
used. See below for a method of how to produce a normal pool.

• It is important to be consistent and to use a plasma standard when assaying plasma
samples and a concentrate standard when assaying concentrates.

• Standards and reference plasmas are commercially available and can be used to calibrate
local reference plasmas, as they are traceable to WHO international standards. 

• WHO international standards are available directly from the National Institute for
Biological Standards and Control (NIBSC), which is based in the United Kingdom. 

Preparation of normal pooled plasma (NPP)

• At least 20 blood samples (10-20 ml each) from healthy subjects should be collected
in citrate and spun immediately at 2,000 g for 15 minutes (at 4°C if possible).

• The plasma from all of these samples should be pooled together and 500 ul aliquots
of these should be frozen immediately at -70°C. Sufficient care should be taken not
to produce froth during mixing.

• During each assay, an aliquot may be removed, thawed at 37°C after which it is
gently mixed and kept immediately in ice. Once thawed, it should not be frozen and
reused.

• Vigorous shaking of the plasma samples should be avoided.
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S E C T I O N  3

MUSCULOSKELETAL COMPLICATIONS OF HEMOPHILIA

Introduction

The most common sites of bleeding in a person with hemophilia are the joints and muscles of
the extremities. Depending on the severity of the disease, based on factor levels, the bleeding
episodes are frequent and spontaneous in severe hemophilia (< 1%) or occur mostly after minor
trauma in moderate hemophilia (1–5%). In the person with mild hemophilia (5–40%) bleeding
usually occurs only with major trauma or surgery.

Common orthopedic complications of hemophilia are described below.

Acute Hemarthrosis

• In the child with severe hemophilia, the first spontaneous hemarthrosis typically occurs
before two years of age, but may occur later. 

• If inadequately treated, repeated bleeding will lead to progressive deterioration of the
joint and muscles. 

• This will lead to severe loss of function due to joint deformity, loss of motion, muscle 
atrophy, and contractures within the first one to two decades of life. 

• The origin of the bleeding is the synovium. This is a very delicate and highly vascular
tissue that lines and lubricates the joint space. 

• Very early bleeding in joints may be recognized by the person experiencing it as a
tingling sensation and tightness within the joint. This “aura” precedes the actual
occurrence of the clinical features of acute hemarthrosis – pain, swelling, and
limitation of motion. 

• Once blood fills the joint cavity, the joint will appear swollen and feel warm and
tender. This will cause the joint to seek the most comfortable position, which is
flexion. Any attempt to change this position causes more pain, thus limiting motion.
Secondary muscle spasm follows as the patient tries to prevent any motion. 

• The goal of treatment of acute hemarthrosis is to stop the bleeding as soon as possible.
Ideally, this should occur when the person recognizes the “aura”.

• The most important initial step in the management of the acute hemarthrosis is
factor replacement as soon as possible at a level sufficiently high to stop the bleeding.
(See Table 1, page 45)

• The most effective method of providing immediate factor replacement is to have a
home therapy program in place that allows the informed patient with hemophilia (or
his family members) to give the factor at the appropriate time. Joint bleeding that does
not respond within 12-24 hours should be evaluated by a healthcare provider.
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• Other measures to help control the bleeding and provide pain relief are as follows: 
- Rest in the position of comfort. 
- Immobilization (partial and temporary) with splints, pillows, slings, and crutches 

depending on the joint affected.
- Ice packs can be applied immediately and continued for at least the first 12 hours.

Ice should not be in direct contact with the skin. 
- Elevation of the affected joint.
- Tolerable pressure bandage can be used. 
- Use of narcotics as analgesics should be carefully monitored, but preferably avoided

because of the chronic nature of the bleeding episodes and the risks of addiction. 
- Non-steroidal anti-inflammatory drugs (NSAIDS) and medications containing ASA

are contraindicated during the acute bleeding episode. However, certain COX-2 
inhibitor NSAIDs may be used judiciously.

• Physiotherapy must be stressed as an active part of the management of acute joint
bleeding episodes. 
- As soon as the pain and swelling begin to subside, the patient should attempt to 

change the position of the affected joint from a position of comfort to a position 
of function. 

- This means gradually decreasing the flexion of the joint and striving for complete
extension. 

- This should include gentle, passive stretching and, more importantly, active muscle 
contractions to gain extension. 

- The sooner the joint is in a position of function, the sooner active muscle control
is instituted and this will in turn prevent muscle atrophy and loss of joint motion. 

Aspiration

With an acute hemarthrosis, aspiration (removal of the blood from a joint) may be considered
under certain circumstances. Once there is a large accumulation of blood in a joint, the early
removal of the blood should result in a rapid relief of pain and theoretically reduce the
damaging effects of the blood on the articular cartilage. Joint aspiration is usually not
practical, however, because ideally it should be done very early following a bleeding episode
(< 12 hours) and must be done in a medical facility by a physician.

• Situations when joint aspiration may be considered include:  
- A hemarthrosis that has not responded to factor replacement within 48–72 hours;  
- Pain and swelling out of proportion with bleeding alone, in which circumstances 

a septic joint must be ruled out. 
• No aspiration should be done when there is overlying skin infection. 
• The presence of inhibitors should also be considered as a reason for persistent

bleeding in the face of adequate factor replacement and must be ruled out before
aspiration is attempted. 

• When aspiration is performed, it should be done under factor levels of at least 30–50%
for 48–72 hours. Joint aspiration should not be done in circumstances where such factor
replacement is not available.

• A large bore needle, at least 16-gauge, should be used. 
• The joint should be completely immobilized for one hour after the aspiration.



Muscle Hematomas

The sites of soft tissue and muscle bleeding that need immediate management are those affecting
the flexor muscle groups in the arms and legs. The most critical sites of bleeding are those that
have a risk of compromising the neurovascular function. These include:

• The iliopsoas muscle which may cause femoral nerve palsy;
• The gastrocnemius muscle which causes posterior tibial nerve injury and muscle 

contracture leading to an equinus deformity; and 
• The flexor group of forearm muscles causing a Volkmann’s ischemic contracture. 

Management of these bleeds include the following:

• These muscle bleeds require thorough clinical evaluation and monitoring. 
• Factor replacement should be initiated immediately. 
• Severe bleeds in these critical sites may require higher levels of factor replacement

and for longer duration. (see Table 1, page 45)
• Other measures as discussed above for the acute joint bleed, such as elevation of the 

affected limb and physiotherapy, should also be included in the management of the
acute muscle bleed. 

Chronic Hemarthrosis

Once a joint develops recurrent bleeding episodes (target joint), chronic changes occur. These
changes affect all of the tissues within and surrounding the joint: synovium and cartilage,
capsule and ligaments, bone and muscles.

• Chronic synovitis is usually seen in the first and second decades of life. 
• The management of chronic hemophilic arthropathy depends on the stage at which 

it is seen. 

Chronic synovitis

With repeated bleeding in a joint, the synovium becomes chronically inflamed and eventually
hypertrophies, causing the joint to appear grossly swollen. This swelling is usually not tense,
nor is it particularly painful. Muscle atrophy is often present while a relatively good range of
motion of the joint is preserved. 

Diagnosis made by performing a detailed physical examination of the joint. The presence of
synovial hypertrophy may be confirmed by ultrasonography and MRI. Plain radiographs and
particularly MRI will assist in defining the extent of articular changes. The goal of treatment
is to control the synovitis and maintain good joint function. Options include: 

• Daily exercise to improve muscle strength and maintain joint motion is of prime 
importance. Factor concentrate replacement ideally should be given with the
frequency and dose levels sufficient to prevent recurrent bleeding. 

• If concentrates are available in sufficient doses, short treatment courses (6-8 weeks) of 
secondary prophylaxis with intensive physiotherapy is beneficial.

• NSAIDs (COX-2 inhibitors).
• Intra-articular injection of a long-acting steroid.
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Synovectomy

Synovectomy should be considered if a chronic synovitis persists with frequent recurrent
bleeding not controlled by other means. Options for synovectomy include chemical or
radioisotopic synoviorthesis and arthroscopic or open surgical synovectomy. 

• Surgical synovectomy, whether open or arthroscopic, requires enormous resources
from an experienced team, a dedicated hemophilia treatment centre, and a large
supply of clotting factor. Surgical synovectomy is seldom necessary today and is only
considered when other less invasive and equally effective procedures fail. 

• Non-surgical synovectomy should be the procedure of choice for treating chronic 
hemophilic synovitis. Clearly, radioisotopic synovectomy using a pure beta emitter
(phosphorus-32 or yttrium-90) is the most effective and least invasive. It has the fewest
side effects and is done in a simple out-patient setting. It also requires minimal if any
follow-up physiotherapy. Only a single dose of clotting factor is required with the
single dose of isotope. 

• If a radioisotope is not available then chemical synovectomy is an appropriate
alternative. Either rifampicin or oxytetracycline chlorhydrate can be used. Chemical
synovectomy requires weekly injections until the synovitis is controlled. These painful
injections require medication, and a dose of clotting factor is required for each injection.
The low cost of the chemical agent is offset by the need for multiple injections. 

Chronic hemophilic arthropathy

This can develop any time from the second decade of life, sometimes earlier, depending on
the severity of bleeding and its treatment. It is caused by a persistent chronic synovitis and
recurrent hemarthroses resulting in irreversible damage to the joint cartilage. 

• With advancing cartilage loss, a progressive arthritis condition develops along with 
secondary soft tissue contractures, muscle atrophy, and angular deformities. 

• With advancing chronicity of the arthropathy, there is less swelling due to progressive
fibrosis of the synovium and the capsule. 

• Loss of motion is common with flexion contractures causing the most significant 
functional loss. 

• Pain may or may not be present. 

The radiographic features of chronic hemophilic arthropathy depend on the stage of
involvement. 

• Early changes will show soft tissue swelling, epiphyseal overgrowth, and osteoporosis. 
• Cartilage space narrowing will vary from minimal to complete loss. 
• Bony erosions and subchondral bone cysts will develop, causing irregular articular

bony surfaces which can lead to angular deformities. 
• Fibrous/bony ankylosis may be present. 

The goal of treatment is to improve joint function and relieve pain. Treatment options for
chronic hemophilic arthropathy will depend on:

• The stage of the condition;
• The patient’s symptoms; and 
• The resources available. 



Supervised physiotherapy is a very important part of management at this stage. Factor replace-
ment is necessary if recurrent bleeding occurs during physiotherapy.  Pain should be
controlled with appropriate analgesics.

• Narcotics should be avoided when possible. 
• NSAIDs (certain COX-2 inhibitors) may be used to relieve arthritic pain.

Conservative management techniques include:

• Serial casting to assist in correcting deformities; and
• Bracing and orthotics to support painful and unstable joints. 

If these conservative measures fail to provide satisfactory relief of pain and improved
function, surgical intervention may be considered. Adequate resources, including sufficient
factor concentrates, must be available in order to proceed with any surgical procedure. 

Surgical procedures, depending on the specific condition needing correction, may include:

• Radionucleotide synoviorthesis;
• Extra-articular soft tissue release to treat contractures; 
• Arthroscopy to release intra-articular adhesions and correct impingement;
• Elbow synovectomy with radial head excision;
• Osteotomy to correct an angular deformity;
• Prosthetic joint replacement for severe disease involving a major joint (knee, hip, 

shoulder); and
• Arthrodesis of the ankle which provides excellent pain relief and correction of

deformity with marked improvement in function.

Pseudotumours

A potentially limb- and life-threatening condition unique to hemophilia is the pseudotumour.
It is most commonly seen in a long bone or the pelvis. It occurs as a result of inadequately
treating a soft tissue bleed, usually in muscle adjacent to bone, which can be secondarily
involved. If not treated, the pseudotumour can reach enormous size causing pressure on the
neurovascular structures and pathologic fractures. A fistula can develop through the overlying
skin.

• Diagnosis is made by the physical finding of a localized mass. 
• Radiographic findings include a soft tissue mass with adjacent bone destruction. 
• A more detailed and accurate evaluation of a pseudotumour can be obtained with CT

scan and MRI. 

Management depends on the site, size, rate of growth, and effect on adjoining structures.
While some very small pseudotumours may be monitored when factor replacement therapy is
used, most pseudotumours require surgery.

• Surgical excisions, including amputations, may be necessary for large tumours. 
• Surgery may involve aspiration followed by injections of fibrin glue in some lesions 

located more peripherally and in well-localized positions. 
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Fractures

Fractures are not uncommon in the person with hemophilia and occur most commonly
around the knee and hip. The person with hemophilia is at risk for fracturing around joints
that have significant loss of motion and in bones that are osteoporotic. Treatment of a
fracture in hemophilia requires immediate factor concentrate replacement. 

• Levels of at least 50% should be obtained initially and maintained for 3–5 days. 
• Lower levels may be maintained for 10–14 days while the fracture becomes stabilized. 
• The actual management of the fracture should be performed in a manner appropriate

for a specific fracture and this includes operative treatment under appropriate
coverage of clotting factor concentrates.

• Care should be taken to avoid prolonged immobilization that could lead to
significant limitation of range of movement in the adjacent joints. 

• Physiotherapy should be started as soon as the fracture is stabilized.



S E C T I O N  4

SELECTION OF CLOTTING FACTOR CONCENTRATES
AND OTHER DRUGS

Clotting Factor Concentrates

Commercially prepared, lyophilized FVIII and FIX are available under a variety of brand names. All
of these products have undergone viral attenuation. It is beyond the scope of this document to
include details of all the available coagulation factor concentrates. This information is available in
Dr. Carol Kasper and Dr. Meirione Costa e Silva’s Registry of Clotting Factor Concentrates, which was
originally set up by the Factor VIII and IX Subcommittee of the International Society on
Thrombosis and Haemostasis (ISTH) in 1997. The registry is updated annually and is available
from the WFH in print and on its web site. It includes information on:

• Donors (nationality, paid or unpaid);
• Method of obtaining plasma;
• Serological tests on donors;
• Testing of mini-pools for viruses using polymerase chain reaction (PCR)

amplification;
• Location of fractionation facilities;
• Methods of fractionation;
• Methods of viral inactivation or filtration;
• Levels of purification;
• Identity of distributor and manufacturer; and
• Intended area of distribution (domestic or export).

The WFH has also published the Guide for the Assessment of Clotting Factor Concentrates. The guide
covers the important principles involved in selecting suitable products for the treatment of
hemophilia and is also available through the WFH web site. When selecting products consideration
needs to be given to both the plasma quality as well as the manufacturing process. The key points
may be summarized as follows:

• Fractionated plasma products have a history of transmitting blood-borne viruses
(HBV, HCV, and HIV). 

• Plasma-derived concentrates manufactured using today’s processes and good
manufacturing practices (GMPs) rank among the lowest risk therapeutic products in
use today. 

• Product safety is the result of efforts in several areas: 
- Improved donor selection (exclusion of at-risk donors);
- Improved screening tests of donations, including nucleic acid testing (NAT); 
- Type and number of in-process viral inactivation and/or removal steps. 
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• In-process viral inactivation is the single largest contributor to product safety. 
• Plasma types are distinguished based on: 

- Donor remuneration status (paid or unpaid), which, when regulated to current 
standards, is similar to the safety of manufactured products; and 

- Method of collection. 
• In practice, all sources of properly screened blood will yield safe, effective products if

processes are properly optimized and GMPs are observed. 
• It is important to include, in the fractionation process, one or more steps with validated

capability to inactivate or remove relevant viruses, primarily enveloped viruses such
as HIV, HBV, and HCV. This results in plasma products that are essentially free from
risk of these viruses. Inactivation and removal processes are less effective for non-
enveloped viruses (mainly HAV and parvovirus B19). 

• Currently, there is no screening test for variant Creutzfeldt-Jakob disease (vCJD), and
no established manufacturing steps to inactivate the agent. vCJD in the U.K. donor
population made it necessary to exclude plasma for fractionation from U.K. donors
and has led to exclusion of perceived at-risk donors from other donor populations. 

• There is no established risk of transmission of vCJD by plasma products. 

Choice of products for replacement therapy

Two issues deserve special consideration: 

• Purity of product; 
• Viral inactivation/elimination.

Purity

Purity refers to the percentage of the desired ingredient (e.g., FVIII) in concentrates,
relative to other ingredients present. There is no universally agreed upon classification of
products based on purity, but one can make the following generalizations:

• Low purity is less than 10 IU per mg of protein.
• Intermediate purity is 10–100 IU per mg of protein.
• High purity is 100–1,000 IU per mg of protein.
• Very high purity is more than 1,000 IU per mg of protein. 
• Concentrates on the market vary widely in their purity. Some products may have

high or very high purity at one stage of the production process but are subsequently
stabilized by albumin, which lowers their final purity. Generally speaking, products
with higher purity tend to be associated with low manufacturing yields. This is due
in part to a lower percentage of von Willebrand factor (the natural carrier protein
of FVIII). These concentrates are, therefore, costlier. 

• In some products, higher purity leads to clinical benefit. For example, high purity
FIX concentrates lacking factors II, VII, and X are more preferable for the treatment
of hemophilia B than the so-called prothrombin complex concentrates made of a
mixture of these factors. The risk of thromboembolic complications is decreased with
the high purity products.

• The purity of FVIII concentrates has not been convincingly demonstrated to enhance
the safety of these products, as long as adequate viral reduction measures are in
place. 



Viral inactivation/elimination

There is a growing tendency to incorporate two specific viral reduction steps in the
manufacturing process of concentrates. 

• Heat treatment is generally effective against a broad range of viruses, both with and 
without a lipid envelope, including HIV, HAV, and HCV. 

• Solvent/detergent treatment is effective against both HCV and HIV, but does not
inactivate non-enveloped viruses, such as HAV. 

Some viruses (such as human parvovirus B19) are relatively resistant to both types of
process and none of the current methods can inactivate prions. Nano (ultra) filtration can
be used to remove small viruses such as parvovirus. 

When choosing a product, the plasma quality and testing should be of primary consideration.
A product created by a process that incorporates two viral reduction steps should not
automatically be considered as a better product than one which only goes through just
one specific viral inactivation step. If only one step is used, it is desirable that this step
should inactivate both viruses with and without lipid envelopes.

Plasma-derived/recombinant products

The WFH does not express a preference for recombinant over plasma-derived concentrates
and the eventual choice between these classes of product will be made according to local
criteria.

Cryoprecipitate 

• Cryoprecipitate is prepared by slow thawing of fresh frozen plasma (FFP) at 4˚C 
for 10–24 hours. 

• When cryoprecipitate appears as an insoluble precipitate and is separated by
centrifugation, it contains significant quantities of FVIII (about 5 IU/ml), von Willebrand
factor (vWF), fibrinogen, and FXIII (but not FIX or XI). The resultant supernatant is
called cryo-poor plasma and contains other coagulation factors such as factors VII,
IX, X, and XI.

There are some concerns about cryoprecipitate:

• The coagulation factor content of individual packs is variable and is usually not
controlled. 

• Cryoprecipitate is not subjected to viral inactivation procedures (such as heat or
solvent/detergent treatment) and this inevitably translates into a risk of transmission
of viral pathogens, which is not insignificant with repeated exposure. The use of this
product in the treatment of congenital bleeding disorders can only be justified, there-
fore, in situations where clotting factor concentrates are not available. 

The WFH supports the use of coagulation factor concentrates in preference to cryoprecipitate.
However, the WFH recognizes the reality that single donor cryoprecipitate is still widely used in
countries around the world where it is the only affordable treatment option. 
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Certain steps can at least be taken to minimize the risk of transmission of viral pathogens. 
These include:

• Quarantining plasma until the donor has been retested for antibodies to HIV and
hepatitis C and HBsAg – a practice that is difficult to implement in countries where
the proportion of repeat donors is low;

• Polymerase chain reaction (PCR) testing for HIV, HBV and/or HCV – a technology
which has a potentially much greater relevance for the production of cryoprecipitate
than concentrates, as the latter are subjected to viral inactivation steps anyway; and

• Quality policy, involving the monitoring of FVIII content.

Fresh Frozen Plasma and Cryo-Poor Plasma

Much of what has been said about cryoprecipitate applies to the use of fresh frozen plasma (FFP),
which is a source of all coagulation factors, or to cryo-poor plasma.

• As FFP and cryo-poor plasma contain FIX, they are still used for the treatment of
hemophilia B in countries unable to afford plasma-derived FIX concentrates.

• FFP can also be used for the treatment of bleeding in patients with some of the rarer 
congenital disorders of coagulation where specific concentrates are not available 
(e.g., factor V). 

• FFP and cryo-poor plasma may also be used for the treatment of patients with mild
factor XI (FXI) deficiency when a specific concentrate is not available or when its use
may be contraindicated because of the potential for thrombogenicity. 

• It is possible to apply some forms of virucidal treatment to packs of FFP (including 
solvent/detergent treatment) and the use of treated packs is recommended. However,
virucidal treatment may have some impact on coagulation factors. The industrial
processing of solvent/detergent-treated plasma has been shown to reduce the
proportion of the largest multimers of vWF.

The WFH supports the use of coagulation factor concentrates in preference to FFP or cryo-poor
plasma. However, the WFH recognizes the reality that FFP and cryo-poor plasma are still used in
countries around the world where they are the only affordable treatment options.

Other Pharmacological Options

In addition to conventional coagulation factor concentrates, there are other agents which can be
of great value in a significant proportion of cases. These include:

• Desmopressin;
• Tranexamic acid; and
• Epsilon aminocaproic acid. 

Desmopressin (DDAVP)

Desmopressin (1-deamino-8-D-arginine vasopressin, also known as DDAVP) is a synthetic
analogue of antidiuretic hormone (ADH). The compound boosts the plasma levels of FVIII
and vWF after administration. The following should be noted:



• The most common mode of administration is by intravenous infusion, but it may
also be given by subcutaneous injection. 

• A single intravenous infusion at a dose of 0.3 micrograms/kg body weight can be
expected to boost the level of FVIII three- to sixfold. 

• The peak response is seen approximately 90 minutes after completion of the infusion.
• Closely spaced repetitive use of DDAVP may result in decreased response (tachyphylaxis)

after 1-2 days so that factor concentrates may be needed when higher factor levels
are required for a prolonged period.

• Before therapeutic use, it is preferable to test the patient’s response as significant
individual differences are possible. 

• The compound is ineffective in patients with severe hemophilia A.
• Desmopressin does not affect FIX levels and is of no value in hemophilia B. 
• The decision to use DDAVP must be based on both the baseline concentration of FVIII

and on the nature of the procedure. It would not, for example, be feasible to perform
gastrectomy in a patient with a baseline FVIII level of 10% or less. The expected post-
infusion level of 30-40% would not be sufficient to ensure hemostasis and the responses
to subsequent doses would be even less. On the other hand, the same patient might
be able to have a dental extraction after an infusion. 

• Desmopressin is particularly useful in the treatment of bleeding in female carriers of
hemophilia.

• Obvious advantages of DDAVP over plasma products are the much lower cost and the
absence of any risk of transmission of viral infections. 

• Many centres give a trial infusion of desmopressin to appropriate patients, so that
the potential value may be assessed for possible future use. 

Administration:

• DDAVP is usually diluted in at least 50-100 ml of physiological saline and given by
slow intravenous infusion over 20-30 minutes. 

• Rapid infusion may result in tachycardia, flushing, tremor, and abdominal discomfort.
• Water retention and hyponatremia is not usually a problem in adults, although

concomitant administration of diuretic therapy can exacerbate the risk. However,
children under two years old and women immediately post-partum appear to be at
particular risk of hyponatremia that may provoke seizures. 

• Consensus is that DDAVP should not be given to children under the age of two. 
• The manufacturers caution against use of DDAVP in pregnancy although there is now

growing anecdotal, but unpublished, experience that it is safe to use in pregnancy. 
• There are case reports of thrombosis (including myocardial infarction) after an

infusion of DDAVP. Therefore, it should be used with caution in elderly patients and
others with evidence of arterial disease. 

• DDAVP may also be useful to control bleeding and reduce the prolongation of the
bleeding time associated with acquired disorders of hemostasis, including chronic
renal failure and liver diseases and some platelet disorders. 

• A concentrated nasal spray has recently become available and a spray dosage in an
adult of 300 micrograms is equivalent to the standard intravenous dose of 0.3
micrograms/kg. A dose of 300 micrograms for those over 50 kg and 150 micrograms
for those up to 50 kg is suggested. This preparation should not be confused with the
more dilute nasal spray preparation of desmopressin which is used for treatment of
diabetes insipidus, but which is of no value in the treatment of hemostatic disorders.
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The nasal spray is likely to prove particularly useful for home treatment of relatively
minor bleeding problems.

Tranexamic acid 

Tranexamic acid is an antifibrinolytic agent that competitively inhibits the activation of
plasminogen to plasmin. It promotes clot stability and is useful as adjunctive therapy in
hemophilia and some other bleeding disorders. Tranexamic acid is also of use in FXI
deficiency, where its use to cover dental, gynecologic, or urologic surgery in FXI-deficient
patients may obviate the need for replacement therapy with concentrates or plasma. 

Trials several decades ago established that regular treatment with tranexamic acid alone is of
no value in prevention of hemarthroses in hemophilia. However, it is certainly valuable in
controlling bleeding from mucosal surfaces (e.g., oral bleeding, epistaxis, menorrhagia) in
hemophilia and is particularly valuable in the setting of dental surgery.

Administration:

• Tranexamic acid is usually given in tablet form at a typical dose of 3 or 4 grams (in 
divided doses) daily for an adult and is generally very well tolerated. 

• Gastrointestinal upset (nausea, vomiting and diarrhea) may rarely occur as a side
effect, but these symptoms usually resolve if the dosage is reduced. It may also be
given by intravenous injection, but it must be infused slowly as rapid injection may
result in dizziness and hypotension. 

• A syrup formulation is also available for pediatric use: the syrup contains 500 mg 
tranexamic acid in each 5 ml, and the usual dose for children is 25 mg/kg up to three
times daily. If this is not available, a 500 mg tablet can be crushed and dissolved in
clean water for topical use on bleeding mucosal lesions.

• The drug may be of particular use in controlling oral bleeding associated with
eruption of teeth.

• The kidneys excrete the drug and the dose must be reduced if there is renal impairment
in order to avoid toxic accumulation. 

• The use of tranexamic acid is contraindicated for the treatment of hematuria in
severe hemophilia, as treatment may precipitate clot colic and even obstruction of
the outflow from the renal pelvis. 

• Similarly, the drug is contraindicated in the setting of thoracic surgery, where it may
result in the development of insoluble hematomas. 

• Tranexamic acid may be given alone or together with standard doses of coagulation
factor concentrates. Please note:
- It should not be given to patients with inhibitory antibodies receiving activated 

prothrombin factor concentrates (APCCs) (such as FEIBA® or Autoplex®) as this 
may exacerbate the risk of thromboembolism. 

- If treatment with both agents is deemed necessary, it is recommended that at least
4–6 hours elapse between the last dose of APCC and the administration of
tranexamic acid. 

- By contrast, tranexamic acid may be usefully used in combination with recombinant
factor VIIa to enhance hemostasis. 



Aminocaproic acid

Epsilon aminocaproic acid (EACA) is a drug similar to tranexamic acid but it is less widely
used nowadays as it has a shorter plasma half-life, is less potent, and is more toxic. 

Administration: 

• EACA is typically administered to adults at the following dosage: 5 gm immediately 
followed by 1 gm every hour for 8 hours or till bleeding stops. It is available as tablets
and injection. A 250 mg/ml syrup formulation is available and the commonly used
pediatric dosage is 50-100 mg/kg (maximum 5 gms) PO or IV every 6-8 hours.

• Myopathy is a rare adverse reaction specifically reported in association with
aminocaproic acid therapy (but not tranexamic acid), typically occurring after
administration of high doses for several weeks. 

• The myopathy is often painful, and associated with elevated levels of creatine kinase
and even myoglobinuria. 

• Full resolution may be expected once drug treatment is stopped.
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S E C T I O N  5

TREATMENT OF BLEEDING IN HEMOPHILIA

Basic Principles of Treatment

• Bleeds should be treated with factor replacement therapy at the earliest possible
moment, preferably within two hours of onset of symptoms. Do not wait for the
appearance of physical symptoms.
- Patients, even young children, can usually tell when a joint hemorrhage starts. 

Treatment at this early stage will often stop the bleed before tissue damage occurs.
Also, less factor concentrates will be needed and the patient will recover more 
quickly.

- “If in doubt, treat.” If a person with hemophilia is injured or thinks he may be 
bleeding, treat him with factor replacement therapy if it is feasible.

• Veins must be treated with care. They are the lifelines for a person with hemophilia!
- 23- or 25-gauge butterfly needles are recommended.
- Never cut down into a vein, except in an emergency, as it destroys the vein.
- After venipuncture, apply pressure for 3–5 minutes with one or two fingers.

• All products that cause platelet dysfunction, especially those containing ASA, should
be avoided. Use non-steroidal anti-inflammatory drugs (NSAIDs) with caution.
Paracetamol/acetaminophen, with or without narcotic analogues, is usually effective
in controlling pain.

• Avoid intramuscular injections.
• Encourage home therapy with clotting factor concentrates. Home therapy is usually

begun when a child is two to three years old. 
• Communication between the patient, his physician, the hemophilia treatment

centre, and the community is essential for optimal management.

Treatment of Hemophilia A (FVIII Deficiency)

FVIII concentrates

Commercially prepared, lyophilized FVIII is available under a variety of brand names. All
plasma-derived products have undergone viral attenuation. Consult the product insert guide
for specific instructions. 

Dosage

• Vials of factor concentrates are available in dosages ranging from approximately 250
to 2000 units each.
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• Each FVIII unit per kilogram of body weight infused intravenously will raise the plasma
FVIII level approximately 2%. The half-life is approximately 8–12 hours. Verify the
calculated dose by measuring the patient’s factor level.

• Calculate the dosage by multiplying the patient’s weight in kilograms by the factor
level desired multiplied by 0.5. This will indicate the number of factor units required. 

Example: (50 kg x 40 (% level desired) x 0.5 = 1,000 units of FVIII). 
Refer to Table 1 on page 45 for suggested factor level and duration of replacement 
required based on type of hemorrhage.

• Infuse FVIII by slow IV push at a rate not to exceed 3 ml per minute in adults and 100 units
per minute in young children.

• It is best to use the entire vial of FVIII once reconstituted, though many products
have been shown to have extended stability after reconstitution. 

• Continuous infusion will help avoid peaks and troughs and is considered by many to
be safer and more cost-effective. This will reduce significantly the total amount of
factor concentrates used to treat bleeding or during prophylaxis after surgery. Dosage
is adjusted based on frequent factor assays and calculation of clearance. Since FVIII
concentrates of very high purity are stable in IV solutions for at least 24-48 hours at
room temperature with less than 10% loss of potency, continuous infusion for a
similar number of hours is possible. The concentrates may be prepared by the pharmacy
or blood bank under sterile conditions, and administered without concern for
proteolytic inactivation, degradation, or bacterial contamination.

Cryoprecipitate/fresh frozen plasma

• Only use cryoprecipitate if factor concentrates are not available. Cryoprecipitate is
best prepared from repeatedly tested and virus-negative donors. 

• FVIII content per bag of cryoprecipitate is 60-100 units (average - 80 units) in a
volume of 30-40 ml. 

• Fresh frozen plasma may also be used if factor concentrates are not available. It is
recommended that FFP be subjected to viral reduction procedures. 

• One ml of fresh frozen plasma contains 1 unit of factor activity. 

Desmopressin (DDAVP)

• DDAVP is useful in the treatment of persons with mild hemophilia who have a 5% or
greater FVIII level and who have been shown to be responsive in pre-tests.

Treatment of Hemophilia B (FIX Deficiency)

FIX concentrates

• Commercially prepared, lyophilized FIX concentrates are available under a variety of
brand names. All plasma-derived products have undergone viral attenuation. FIX
concentrates fall into two classes:
- Pure coagulation FIX products, and 
- Prothrombin complex concentrates (PCCs). 
Consult the product insert guide for specific instructions.



• Purified FIX products are largely free of the risks of that could cause patients to
develop thrombosis or disseminated intravascular coagulation (DIC), which may 
occur with large doses of intermediate purity PCCs. 

• Whenever possible, the use of pure FIX concentrates is preferable and it is particularly
advisable in the following instances:
- Surgery;
- Liver disease;
- Prolonged therapy at high doses;
- Previous thrombosis or known thrombotic tendency;
- Disseminated intravascular coagulation (DIC);
- Concomitant use of drugs known to have thrombogenic potential, including

antifibrinolytic agents.

Dosage

• Vials of FIX concentrates are available in doses ranging from approximately 300 to
1200 units each. 

• Each FIX unit per kilogram of body weight infused intravenously will raise the plasma
FIX level approximately 1%. The half-life is about 18-24 hours. Verify calculated doses
by measuring the patient’s factor level. 

• Recombinant FIX (rFIX; BeneFIX®, Wyeth) has a lower recovery, and each FIX unit
per kg body weight infused will raise the FIX activity by approximately 0.8% in
adults and 0.7% in children < 15 years of age. The reason for lower recovery of rFIX
is not entirely clear.  

• To calculate dosage, multiply the patient’s weight in kilograms by the factor level
desired. This will indicate the number of factor units required.

Example: 50 kg x 40 (% level desired) = 2000 units of plasma-derived FIX. For rFIX,
the dosage will be 2000 ÷ 0.8 (or 2000 x 1.25) = 2500 units for adults, and 
2000 ÷ 0.7 (or 2000 x 1.43) = 2860 units for children.

Refer to Table 1, page 45, at the end of this section, for suggested factor level and
duration of replacement therapy based on type of hemorrhage.

• Infuse FIX by slow IV push at a rate not to exceed a volume of 3 ml per minute in adults
and 100 units per minute in young children. PCCs and APCCs should be infused at half
this rate.

• Continuous infusion will help avoid peaks and troughs and is considered by many to
be safer and more cost-effective. This will reduce significantly the total amount of
factor concentrates used to treat bleeding or during prophylaxis after surgery. Dosage
is adjusted based on frequent factor assays and calculation of clearance. Since FIX
concentrates of very high purity are stable in IV solutions for at least 24-48 hours at
room temperature with less than 10% loss of potency, continuous infusion for a
similar number of hours is possible. The concentrates may be prepared by the
pharmacy or blood bank under sterile conditions, and administered without concern
for proteolytic inactivation, degradation, or bacterial contamination.

Fresh frozen plasma (FFP)

• For patients with hemophilia B, fresh frozen plasma should only be used if FIX 
concentrates are unavailable. 

• FIX levels above 25% are difficult to achieve. An acceptable starting dose is 15-20 ml/kg.
Solvent/detergent-treated FFP is available in some countries.
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Antifibrinolytic agents

• Due to increased risk for thromboses, antifibrinolytic agents, either as primary or 
adjunctive therapy, are not recommended for treatment of patients with FIX
deficiency already receiving large doses of prothrombin complex concentrates. 
(See Choice of Products, page 45)

Treatment of Specific Hemorrhages

Joint hemorrhage

• Administer the appropriate dose of factor concentrate first and then evaluate the
patient. X-rays usually are not indicated.

• Raise the patient’s factor level (see Table 1, page 45) at the first sign of symptoms or 
after trauma. 

• If symptoms persist, a second infusion may be required. If so, repeat the dosage in 
12 hours (hemophilia A) or 24 hours (hemophilia B). 

• The joint should be mobilized as soon as possible after pain subsides.
• Adjunctive care includes the local application of ice, temporary rest, and elevation of 

the joint.
• Further evaluation is necessary if the patient’s symptoms continue longer than three

days. Things to consider if symptoms and findings persist are presence of inhibitors,
septic arthritis, or fracture.

• Control pain with adequate analgesics.

Muscle hemorrhage

• Administer the appropriate dose of factor concentrate first and then evaluate the
patient.

• Raise the patient’s factor level (see Table 1, page 45) at the first sign of symptoms or
after trauma. 

• Repeat infusions often are required for 2–3 days. Monitor the patient for 
neurovascular compromise.

Iliopsoas hemorrhage

• This type of muscle hemorrhage has a unique presentation. Signs may include pain
in the lower abdomen, groin, and/or lower back and pain on extension, but not on
rotation, of the hip joint. There may be paresthesia in the medial aspect of the thigh
or other signs of femoral nerve compression. The symptoms may mimic acute
appendicitis. 

• Immediately raise the patient’s factor level (see Table 1, page 45). Maintain the levels
(see Table 1) for 48–96 hours, as symptoms indicate.

• Hospitalize the patient for observation and control of pain.
• If there is any doubt, confirm diagnosis with an imaging study (ultrasonography, CT

scan). 



• Hydrocortisone (100 mg IV) may reduce the muscle edema and pressure on the 
femoral nerve.

• Limit the patient’s activity until the pain resolves. Physiotherapy is the key to
restoring full activity. 

Central nervous system hemorrhage/head trauma

• This is a medical emergency. Treat first before evaluating. All post-traumatic head injuries,
confirmed or suspected, and significant headaches must be treated as intracranial
bleeds. Do not wait for further symptoms to develop or for laboratory or radiologic
evaluation. Immediately raise the patient’s factor level (see Table 1, page 45) when
significant trauma or symptoms occur. Further doses will depend on imaging results.
Maintain factor level (see Table 1) until etiology is defined. If a bleed is confirmed,
maintain the appropriate factor level for 2–3 weeks. 

• Immediate medical evaluation and hospitalization is required. A CT scan or MRI of
the brain should be performed. 

• A severe headache may be a manifestation of meningitis in immunocompromised
patients.

Throat and neck hemorrhage

• This is a medical emergency. Treat first before evaluating. Immediately raise the patient’s
factor level (see Table 1, page 45) when significant trauma or symptoms occur.
Maintain the factor levels (see Table 1) until symptoms resolve. 

• Hospitalization and evaluation by a specialist is essential.
• To prevent hemorrhage in patients with severe tonsillitis, treatment with factor may

be indicated, in addition to culture and treatment with antibiotics.

Acute gastrointestinal (GI) hemorrhage

• Administer the appropriate factor concentrate dose first and then evaluate.
Immediately raise the patient’s factor levels (see Table 1, page 45). Maintain the factor
levels (see Table 1) until etiology is defined.

• For signs of GI bleeding and/or acute abdomen, medical evaluation and possibly
hospitalization are required. 

• Treat anemia or shock, as needed.
• Treat origin of hemorrhage, as indicated.
• EACA or tranexamic acid may be used as adjunctive therapy for patients with FVIII

deficiency and those with factor IX deficiency who are not being treated with
prothrombin complex concentrates. 

Acute hemorrhage in the abdomen

• An acute abdominal hemorrhage can be mistaken for a number of infectious
conditions and appropriate radiologic studies may be necessary. Rule out iliopsoas
hemorrhage. 

• Immediately raise the patient’s factor levels (see Table 1, page 45). Maintain the factor
levels (see Table 1) until the etiology can be defined, then treat appropriately in
consultation with a specialist.
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Ophthalmic trauma or hemorrhage

• Administer the appropriate dose of factor concentrate first and then evaluate.
Immediately raise the patient’s factor level (see Table 1, page 45). Maintain the factor
level as indicated.

• Have the patient evaluated by an ophthalmologist as soon as possible. 

Renal hemorrhage

• Do not use antifibrinolytic agents.
• Treat painless hematuria with complete bed rest and vigorous hydration 

(3 litres/m2, body surface area) for 48 hours.
• Raise the patient’s factor levels (see Table 1, page 45) if there is pain or persistent 

gross hematuria.
• Evaluation by an urologist is essential if hematuria (gross or microscopic) persists or

if there are repeated episodes.

Oral hemorrhage

• Avoid using antifibrinolytic agents systematically for patients with FIX deficiency
who are being treated with large doses of prothrombin complex concentrates.

• Bleeding may be controlled in patients with FVIII deficiency with the use of EACA or
tranexamic acid alone, or with the use of factor and either EACA or tranexamic acid,
if bleeding is prolonged, significant, or difficult to control. EACA or tranexamic acid
may be used in the form of a mouthwash.

• Tell the patient to avoid swallowing blood.
• Evaluate the patient and treat for anemia as indicated.
• The application on the bleeding mucus membrane of topical agents such as thrombin/

fibrin sealant may be effective. Ice in the form of “popsicles” (frozen flavoured water)
may also be effective. A soft diet is recommended.

• Consultation with a dentist/otolaryngologist may be needed.

Epistaxis

• The formation of a platelet plug is often adequate so factor replacement therapy is
usually not necessary unless bleeding is severe or recurrent.

• Place the patient’s head in a forward position to avoid swallowing blood and ask him
to gently blow out weak clots. Firm pressure with gauze soaked in ice water should be
applied to the fleshy part of the nose for at least 20 minutes.

• Antihistamines and decongestant drugs are useful for bleeds specifically related to 
allergies, upper respiratory infections, or seasonal changes.

• If bleeding is prolonged or occurs frequently, watch for anemia and treat
appropriately.

• Consult with an otolaryngologist if the bleed is persistent or recurrent. Anterior or
posterior nasal packing may be needed to control bleeding.

• EACA or tranexamic acid is helpful.
• Nosebleeds can often be prevented by increasing the humidity of the environment, 

applying gels (e.g., Vaseline or saline drops/gel) to the nasal mucosa to preserve
moisture, or administering saline spray to the nostrils. 



Soft tissue hemorrhage

• For most superficial soft tissue bleeding, factor replacement therapy is not necessary.
The application of firm pressure and ice may be helpful.

• Evaluate the patient for hemorrhage severity and possible muscular or neurovascular
involvement. Rule out possible trauma to spaces containing vital organs, such as the
head or abdomen. Open compartmental hemorrhage, such as in the retroperitoneal
space, scrotum, buttocks, or thighs, can result in extensive blood loss. Treat with
factor immediately if this situation is suspected.

Lacerations and abrasions

• Treat superficial lacerations by cleaning the wound, then applying pressure and steri-
strips.

• Treat abrasions with cleaning and pressure.
• For deep lacerations, raise the factor level (see Table 1, page 45), and then suture.

Suture removal occasionally requires another infusion of factor.

Other Management Issues

Dental care

• In general, routine examinations and cleaning can be done without raising the factor
level. Ensure that adequate coverage (i.e., factor concentrates, DDAVP, or antifibrinolytic
therapy) is given prior to, and possibly after, dental treatments for patients who need
deep cleaning or have heavy plaque and/or calculus accumulation where bleeding
could be induced with scaling. Where block local anesthesia is indicated, factor should
always be given prior to dental procedures. If only local infiltration of anesthesia is
going to be used for mild and some moderate patients, then infusion of factor may
not be necessary prior to restorative work. 

• DDAVP may be used for achieving hemostasis for procedures in people with moderate
or mild hemophilia. (See section 4: Selection of Clotting Factor Concentrates and
Other Drugs.)

• For hemophilia A, raise the factor level to 50% and for hemophilia B to 40% prior to 
giving a mandibular block. Local anesthesia is not contraindicated for hemophilia
patients. In addition to local anesthesia, nitrous oxide and/or IV analgesia may be used.

• For dental extractions, ensure the patient receives a prior infusion of factor concentrate
that raises the level appropriately (see Table 1, page 45). EACA or tranexamic acid
may be started before factor infusion. The dose of EACA, which should be started the
night before or morning of the procedure, is 50–100 mg/kg every 4–6 hours for 5–10
days (maximum 24 grams per 24 hours). The dose for tranexamic acid is 25–50 mg/kg
orally every 6–8 hours for 10 days. A liquid preparation of these drugs may be used as
a mouthwash.

• Extensive procedures – for example, those requiring sutures or multiple extractions –
may require hospitalization for proper dental/medical management.

• Bleeding may occur when primary teeth are exfoliating. Use pressure and ice as a first
attempt to control bleeding. If this is ineffective, antifibrinolytic drugs may be used
(as above). In rare cases, factor may have to be administered. Patients with a history
of prolonged bleeding may have to undergo dental extraction with appropriate factor
cover. 
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Surgery

• A surgical patient is best managed at a hemophilia treatment centre. The centre
where the surgery is to be performed must be capable of performing a factor
inhibitor screen and measurement of serial factor levels.

• Once the coagulation defect is corrected by infusion with factor, operative and
invasive procedures can be performed. A consultation with a hematologist who is
familiar with surgery in hemophilia is necessary.

• Document the patient’s individual response to the replacement material prior to
surgery. Rule out an inhibitor if the patient does not respond adequately. (See section
on factor inhibitors, page 10). 

• Immediately prior to the procedure, the factor level must be raised to the appropriate
level required for hemostasis (see Table 1, page 45). 

• An appropriate factor level should be maintained for 5–7 days or till wound healing
after minor surgery, and for 10–14 days after major surgery (see Table 1, page 45).
After some orthopedic procedures, factor level may need to be maintained for a
longer period of time. 

Minor invasive procedures

• Infuse factor concentrates before invasive diagnostic procedures are performed. These 
procedures include lumbar puncture, arterial blood gas determination, bronchoscopy
with brushings or biopsy, and gastrointestinal endoscopy with biopsy.

Allergic reactions to factor replacement products

• Use the filters included in factor packages to avoid the possibility of reaction.
• To prevent or reduce symptoms, use antihistamines.
• Changing the brand of clotting factor concentrate sometimes reduces symptoms.



S E C T I O N  6

Plasma Factor Level and Duration of Administration
Tables 1A and 1B present commonly recommended plasma factor levels and duration of
replacement that reflect the different practices in countries where there is no significant resource
constraint (1A) and countries where treatment products are limited (1B). 

TABLE 1A Recommended Plasma Factor Level and Duration of Administration When There Is No 
Significant Resource Constraint
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Type of
hemorrhage

Desired
level

Duration
(days)

Desired
level

Duration
(days)

Joint 40%–60% 1–2, may be
longer if response
is inadequate

40%–60% 1–2, may be
longer if response
is inadequate

Muscle
(except iliopsoas)

40%–60% 2–3, sometimes
longer if response
is inadequate

40%–60% 2–3, sometimes
longer if response
is inadequate

Iliopsoas
• initial
• maintenance 

80%–100%
30%–60% 

1–2
3–5, sometimes
longer as
secondary
prophylaxis
during
physiotherapy

60%–80%
30%–60% 

1–2
3–5, sometimes
longer as
secondary
prophylaxis
during
physiotherapy

CNS/head
• initial
• maintenance

80%–100%
50%

1–7
8–21

60%–80%
30%

1–7
8–21

Throat and neck
• initial
• maintenance

80%–100%
50%

1–7
8–14

60%–80%
30%

1–7
8–14

Gastrointestinal
• initial
• maintenance

80%–100%
50%

1–6
7–14

60%–80%
30%

1–6
7–14

Renal 50% 3–5 40% 3–5

Deep laceration 50% 5–7 40% 5–7

Surgery (major)
• Pre-op
• Post-op

80%–100%
60%–80%
40%–60%
30%–50%

1–3
4–6
7–14

60%–80%
40%–60%
30%–50%
20%–40% 

1–3
4–6
7–14

Hemophilia A Hemophilia B



TABLE 1B Recommended Plasma Factor Level and Duration of Administration When There Is Significant
Resource Constraint)

Type of
hemorrhage Desired level Duration (days) Desired level Duration (days)

Joint 10%–20% 1–2, may be
longer if response
is inadequate

10%–20% 1–2, may be
longer if response
is inadequate

Muscle
(except iliopsoas)

10%–20% 2–3, sometimes
longer if response
is inadequate

10%–20% 2–3, sometimes
longer if response
is inadequate

Iliopsoas
• initial
• maintenance 

20%–40%
10%–20% 

1–2
3–5, sometimes
longer as secondary
prophylaxis
during physio-
therapy

15%–30%
10%–20% 

1–2
3–5, sometimes
longer as secondary
prophylaxis
during physio-
therapy

CNS/head
• initial
• maintenance

50%–80%
30%–50%
20%–40%

1–3
4–7
8–14 (or 21 if
indicated)

50%–80%
30%–50%
20%–40%

1–3
4–7
8–14 (or 21 if
indicated)

Throat and neck
• initial
• maintenance

30%–50%
10%–20%

1–3
4–7

30%–50%
10%–20%

1–3
4–7

Gastrointestinal
• initial
• maintenance

30%–50%
10%–20%

1–3
4–7

30%–50%
10%–20%

1–3
4–7

Renal 20%–40% 3–5 15%–30% 3–5

Deep laceration 20%–40% 5–7 15%–30% 5–7

Surgery (major)
• Pre-op
• Post-op

60%–80%
30%–40%
20%–30%
10%–20%

1–3
4–6
7–14

50%–70%
30%–40%
20%–30%
10%–20% 

1–3
4–6
7–14

Hemophilia A Hemophilia B
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BACKGROUND: There are few data in the literature regarding the safety of neuraxial
techniques in patients with the most common bleeding diatheses, including
hemophilia, von Willebrand’s disease (vWD), and idiopathic thrombocytopenic
purpura (ITP). Neuraxial techniques are not widely used in these populations
because of concerns of potential hemorrhagic and/or subsequent neurologic
complications. In this article, we review the available literature describing
neuraxial techniques in patients with hemophilia, vWD, or ITP with the aim to
assist anesthesiologists considering neuraxial techniques in these populations.
METHODS: After a systematic Pubmed, MEDLINE, and EMBASE search, we re-
viewed 30 articles published between January 1, 1975 and October 1, 2008 in which
neuraxial techniques were performed in patients with hemophilia, vWD, or ITP to
determine the perioperative management and evaluate the frequency of hemor-
rhagic complications.
RESULTS: We identified 507 neuraxial techniques (482 patients) performed in pa-
tients with hemophilia (107 neuraxial techniques, 85 patients), vWD (74 neuraxial
techniques, 72 patients), or ITP (326 neuraxial techniques, 325 patients). Among the
507 neuraxial techniques performed, there were 371 lumbar epidural anesthetics, 78
spinal anesthetics, 53 lumbar punctures, 2 combined spinal epidural analgesia, 2
paravertebral blocks, and 1 thoracic epidural anesthetic. Four hundred six neuraxial
techniques were placed in the obstetric population, 53 were performed in the
emergency room for diagnostic lumbar puncture, 46 were performed for lower limb
orthopedic surgery, 1 was performed for postoperative analgesia, and 1 was per-
formed for an obstetric patient undergoing non-obstetric surgery. Factor replacement
to normal levels (�0.5 IU mL�1) was initiated before block performance, though
treatment was not standardized, in 105 of 107 patients with hemophilia and 10 of 74
with vWD. Sixty-four of the 74 patients with vWD had spontaneous normal-
ization of factor levels before block performance. No hemorrhagic complica-
tions were reported when the diagnosis of hemophilia or vWD was known
before the neuraxial technique. A single case of spinal hematoma (resulting in
permanent paraplegia) was identified when the presence of hemophilia was not
known before needle insertion and factor replacement had not been given. In all
326 cases of ITP, with or without systemic treatment of platelet transfusion,
there were no reports of hemorrhagic complications associated with neuraxial
techniques. Among the 326 neuraxial techniques placed in the setting of ITP, 9
patients had platelet counts of �50 � 109 L�1, 19 had a platelet counts of
50 –75 � 109 L�1, 204 had a platelet counts of 75–100 � 109 L�1, and 94 had a
platelet count more than 100 � 109 L�1 before needle insertion.
CONCLUSIONS: There is a paucity of published data regarding the provision and
safety of neuraxial techniques in patients with common bleeding diatheses. The
minimum “safe” factor levels and platelet count for neuraxial techniques
remain undefined in both the obstetric and general populations, and evidence-
based recommendations in the setting of hemophilia, vWD, or ITP cannot be
offered.
(Anesth Analg 2009;109:648 –60)

Neuraxial blockade provides multiple benefits
when compared with general anesthesia and/or sys-
temic analgesia, including superior postoperative

analgesia,1 decreased opioid-related side effects, im-
proved rehabilitation,2 and reduced morbidity and
mortality.3–7 The advantages of neuraxial techniques
in obstetric anesthesia are, further pronounced with
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significant reductions in maternal morbidity and mor-
tality, and improved pain relief and patient satisfac-
tion.8–15 Consensus guidelines published by the
American Society of Regional Anesthesia and Pain
Medicine (ASRA) and the German Society of Anesthe-
siology and Intensive Care are available for anesthe-
siologists considering neuraxial techniques in patients
receiving hemostasis-altering medications.16,17 How-
ever, there is little evidence in the literature regarding
the application of neuraxial techniques in patients
with common bleeding diatheses. These patients may
safely and successfully undergo major surgery under
general anesthesia provided that the defect is ad-
equately corrected.18 –29 The objectives of this review
are to examine and summarize the reported periop-
erative management and assess the frequency of
hemorrhagic complications in patients with the
most common bleeding diatheses (hemophilia, von
Willebrand’s disease [vWD], and idiopathic throm-
bocytopenic purpura [ITP]) with the aim to assist
anesthesiologists considering neuraxial techniques
in these populations.

METHODS
A systematic search of the PubMed, MEDLINE,

and EMBASE databases was performed using the
medical subject heading words “regional anesthesia,”
“neuraxial blockade,” “epidural,” “spinal,” “sub-
arachnoid,” “intrathecal,” “lumbar puncture,” “para-
vertebral,” “steroid,” and “caudal.” Search results
were then cross-referenced with each of the medical
subject heading words “coagulopathy,” “hemophilia,”
“von Willebrand,” “thrombocytopenia,” “ITP,” “Im-
mune,” and “Idiopathic.” Only studies in which
neuraxial techniques were performed on patients with
the aforementioned bleeding diatheses were included.
Acquired forms of hemophilia were excluded. The
references of all relevant publications were examined
to capture any additional material suited for the
present review. The quality of evidence for each
identified article was independently graded by each of
the authors (highest to lowest I–V) according to the
criteria described by Wright et al. (Appendix).30,31

Where possible, the pre-and posttreatment coagula-
tion variables, platelet counts, treatment administered,
needle gauge/type used for the block, difficulties noted
with placement, and the source authors’ recommenda-
tions regarding management of the bleeding diatheses
were included in the summary tables. Complications
were defined as hemorrhage related to the neuraxial
technique procedure with or without subsequent neu-
rologic compromise.

RESULTS
Our search yielded 86 articles of which 30 met our

inclusion criteria. The quality of evidence score for the

30 source articles in this review was Level IV (Appendix).
Sixteen of the 30 articles cited were case reports.32–47

Fourteen of the 30 articles were case series.48–61 Tables
1–3 summarize the articles according to bleeding
defect and by type of neuraxial technique.

Hemophilia
Among six articles, we identified 107 neuraxial

techniques performed on 85 patients with hemophilia,
and there were no reports of spinal hematoma when
the diagnosis of hemophilia was known before the
procedure.32,37,38,51,52,58 Of these 107 neuraxial tech-
niques, there were 53 diagnostic lumbar punctures in
the emergency room, 35 spinal anesthetics for lower
limb orthopedic surgery, 11 lumbar epidural anesthet-
ics for lower limb orthopedic surgery, 7 lumbar epi-
dural anesthetics for labor, and 1 lumbar epidural
anesthetic for abdominal surgery. In the 105 neuraxial
techniques in which the coagulopathy was known
before the block, factor levels were replaced to
normal (�0.5 IU mL�1) before needle insertion, and
no hemorrhagic complications were reported. Two
neuraxial techniques were performed in patients
with undiagnosed hemophilia prior to needle inser-
tion,32,38 one of which resulted in the lone compli-
cation identified in this review, a catastrophic spinal
hematoma38 (Table 1).

The management of hemophilia in the patients re-
viewed herein was not standardized (Table 1). However,
factor VIII/IX levels were normalized (�0.5 IU mL�1) in all
cases in which the diagnosis of hemophilia was known
before needle insertion. Treatment most often included
specific factor replacement (plasma derived or recombi-
nant)37,58 with or without 1-deamino-8-D-arginine vaso-
pressin.32 Two authors did not specify the type or dosage of
factor replacement but reported that factor levels were
normal before needle insertion.51,52

The authors of three of the six source articles specified
that removal of the epidural catheter after lumbar epidural
analgesia was attempted or intended to be attempted only
when factor levels were normalized (�0.5 IU mL�1).32,37,51

vWD
Among 10 articles, we identified 74 neuraxial tech-

niques performed on 72 patients with vWD ranging
from mild to severe (Type I, n � 71; Type IIA, n � 2;
Type III, n � 1).33,34,36,41,42,45,53,54,59,60 There were no
complications reported among these 72 patients, all of
whom received neuraxial techniques for labor analge-
sia. Of the 74 neuraxial techniques, 72 were for lumbar
epidural analgesia, and 2 were combined spinal epidurals.
In 64 of the 74 neuraxial techniques, vWD indices were
normal before needle insertion and treatment was not
initiated.36,42,53,54,60 Treatment before needle insertion was
initiated for 10 of the 74 neuraxial techniques.33,34,41,45,59

Treatment for vWD was dependent on the severity
and subtype of vWD (Table 2). In 5 of the 10 source
articles, previously abnormal vWD indices spontane-
ously increased to normal or near normal at term
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before lumbar epidural catheter placement for labor
analgesia and no treatment was prescribed.36,42,53,54,60

Treatment included DDVAP alone,45,59 plasma-
derived vWF/FVIII concentrate for Types II and III
vWD,41 or FVIII concentrate alone.34

ITP
Among 14 articles, we identified 325 patients with

ITP who underwent a total of 326* neuraxial tech-
niques. 35,39,40,43,44,46–50,55–57,61. Of 326 neuraxial tech-
niques, 324 were in the obstetric population, 1 thoracic
epidural catheter was placed for postoperative anal-
gesia,46 and 1 spinal anesthetic was for non-obstetric
surgery in an obstetric patient.35 In total, 282 lumbar

epidural anesthetics, 41 spinal anesthetics, 2 paraver-
tebral blocks, and 1 thoracic epidural anesthetic were
placed in the setting of ITP. There were no complica-
tions reported.

The perioperative management of neuraxial tech-
niques in ITP varied considerably among the 14 source
articles (Table 3). The diagnosis of ITP was known before
the block in all but three instances in which the low
platelet count was revealed on review of the complete
blood count after lumbar epidural analgesia had been
initiated. Interestingly, three articles (i.e., ITP was undiag-
nosed before neuraxial technique) reported the lowest
platelet counts before needle insertion among all 14 source
articles: 2 � 109 L�1, 40 18 � 109 L�1,56 and 26 � 109 L�1.43

The authors of 10 of the 14 source articles did not
seek to treat the thrombocytopenia before needle
insertion. When the diagnosis of ITP was established

*In the largest case series by Frenk et al., there were 170 patients
(135 lumbar epidural catheters, 35 spinal blocks) with ITP, gesta-
tional thrombocytopenia, and preeclampsia. The authors did not
enumerate each entity.

Table 1. Data Summary of Neuraxial Techniques in the Setting of Hemophilia A or B

Author/reference Type/N
Surgical

population
No. of
blocks

Pretreatment coagulation
parameters Treatment

Lumbar epidural
Bernhardt

et al.32
A N � 1 GEN 1 FVIII activity � 37%

aPTT � 46s
None

Dhar et al.37 A N � 1 OB 1 FVIII �0.01 IU mL�1 Helixate FS® 3 IU kg�1h�1

Kadir et al.52 A/B N � 6 OB 6 FVIII/IX levels �50% in 5
out of 6 LEAs

N/A

Hack et al.51 A/B N � 11 ORTHO 11 N/A N/A

Spinal
Hack et al.51 A/B N � 35 ORTHO 35 N/A N/A

Lumbar puncture
Silverman

et al.58
A N � 28
B N � 5

ER 52 FVIII/IX �0.01 IU mL�1

(N � 30)
0.01–0.05 IU mL�1 (N � 2)
0.05–0.1 IU mL�1 (N � 1)

FVIII/FIX transfused at 40 IU kg�1

PCC in cases of AFI (N � 2)

Faillace et al.38 A N � 1 ER 1 FVIII activity �1%
aPTT � 156s

None

Numeric values presented as �109 L�1.
Hemophilia severity: Mild � 10 to 50% FVIII activity; Moderate � 2 to 10% FVIII activity; Severe � �1% FVIII activity.
AFI � acquired factor inhibitor; aPTT � acquired thromboplastin time; DDAVP � 1-deamino-8-D-arginine vasopressin; ER � emergency room lumbar puncture; FIX � Factor 9 (Normal � 0.5–1.5
IU mL�1); FVIII � Factor 8 (Normal � 0.5–1.5 IU mL�1); G � needle gauge; GEN � general surgical population; Helixate FS® � recombinant factor 8 concentrate (CSL Behring); LEA � lumbar
epidural anesthesia; LP � lumbar puncture; N � number of patients; N/A � data not indicated in reference; NT � neuraxial technique; OB � obstetric; ORTHO � orthopedic; POD �
postoperative day; PCC � prothrombin complex concentrate; Plt � platelets.
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preprocedure, four of the authors sought to reduce the
severity of the thrombocytopenia. A platelet count of
�50 � 109 L�1 generally prompted treatment consist-
ing of corticosteroids, IV immune globulin, or platelet
transfusion before block performance.44,46,49,50

Only one source article made any mention of the
platelet count at the time of epidural catheter removal.
Frenk et al.50 described that, whenever possible, catheter
removal was attempted only when the platelet count
was in excess of 60 � 109 L�1. Nonetheless, these authors
reported that 5 of the 135 catheters studied were still
removed (without consequence) when the platelet count
was �50 � 109 L�1, though the reason for this apparent
discrepancy was not explained in the article.

DISCUSSION
Spinal hematoma after neuraxial techniques in

modern anesthetic practice is rare. The frequency of

spinal hematoma in the large (�1000 subjects) contem-
porary studies (1995–present) ranges from 0 to
3.70:10,00062–73 and varies considerably depending on
the surgical indication, particularly with respect to the
obstetric (0–0.20:10,000) versus the non-obstetric popu-
lation (0–3.7:10,000). It, nonetheless, remains one of
the most feared complications, mostly because of its
potential for irreversible injury and partly because it
may be minimized with close attention to modifiable
risk factors, namely thromboprophylaxis, traumatic
needle insertion, and known coagulopathies.74 How-
ever, there is a paucity of data in the literature regarding
the provision of neuraxial techniques in patients with the
most common bleeding diatheses. Among the 507
neuraxial techniques identified from 30 published articles
of neuraxial techniques in the setting of hemophilia, vWD,
or ITP, there was only one reported complication in which
the bleeding diathesis was undiagnosed before needle

Table 1. Continued

Posttreatment
coagulation parameters Gauge/type

Difficult
insertion Outcome

Authors’
recommendations Remarks

N/A 18G Tuohy No No complications Coagulation studies
required in all NT

Abnormal values must be
investigated

Hemophilia A diagnosed
after surgical site
wound hematoma on
POD 1

DDAVP 0.4 �g kg�1,
Haemate HS® 2000 IU
before catheter
removal, FVIII � 73%

FVIII �0.5 IU mL�1

PT/aPTT � 12.5/33.3s
17G Hustead No No complications Suggest midline approach

Minimize local anesthetic
to monitor motor/
sensory function

Infusion continued 48h
targeting FVIII �0.5
IU mL�1

N/A N/A N/A No complications NT not contraindicated if
coagulation screen
normal

Spinal block regarded as
safer than LEA

NT used at authors centre
if factor levels �50%

Hemophilia subtype not
indicated

FVIII/FIX levels
normalized

18G Tuohy N/A No complications None Hemophilia subtype,
treatment method, and
target factor level not
indicated

FVIII/FIX levels
normalized

25G Quincke N/A No complications None Hemophilia subtype,
treatment method, and
target factor level not
indicated

N/A N/A N/A No complications LP safe in hemophilia if
factor replaced to
normal levels

7 patients had Plt �100
2 patients had Plt �50

and were transfused
2 cases of AFI developed

in patients with
inherited hemophilia
secondary to chronic
factor replacement
therapy

N/A N/A Yes Spinal hematoma
and permanent
paraplegia

None
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insertion. There was a single case of spinal hematoma after
diagnostic lumbar puncture in an undiagnosed hemo-
philiac infant resulting in permanent paraplegia.38 We
found no other reports of catastrophic or noncatastro-
phic hemorrhagic complications in the setting of hemo-
philia, vWD, or ITP. Nonetheless, the data presented
herein must be interpreted with caution.

The source articles included in this review are
limited to case reports and case series with relatively
few total subjects. In addition, the effects of negative
reporting and publication bias cannot be discounted.
Accordingly, it must be recognized that the absence of
evidence does not imply evidence of absence. That
is, just because the literature does not contain

Table 2. Data Summary of Neuraxial Techniques in the Setting of von Willebrand’s Disease (vWD)

Author/reference Type/N
Surgical

population
No. of
blocks

Pretreatment
coagulation
parameters Treatment

Lumbar epidural
Varughese and

Cohen60
I N � 14
IIA N � 1

OB 17 Median % normal: FVIII � 65;
vWF � 46; vWRCo � 50

None

Marrache et al.54 I N � 9 OB 9 Mean (IU mL�1): FVIII �
1.42 � 0.42; vWF �
1.42 � 0.62; vWRCo �
1.42 � 0.79

None

Perez-Barrero et al.45 I N � 1 OB 1 % normal: FVIII � 38; vWF �
25; vWRCo � 65

DDAVP 0.3�g
kg�1

Suddeth et al.59 N/A N � 34 OB 34 N/A DDAVP to 5
patients (dose
N/A)

Kadir et al.53 I
IIA
IIB
III
N � 8

OB 8 Median (IU mL�1): FVIII �
0.53; vWF � 0.43; vWRCo �
0.40

N/A

Caliezi et al.34 III N � 1 OB 1 IU mL�1: FVIII � 0.08;
vWF � 0.125

FVIII concentrate
3500 IU;
Haemate HS®

1000 IU
Milaskiewicz et al.42 I N � 1 OB 1 % normal: FVIII � 108;

vWF � N/A; vWRCo � 10
None

Cohen et al.36 I N � 1 OB 1 % normal: FVIII � 200;
vWF � N/A; vWRCo �
N/A

None

Combined spinal
epidural

Butwick and
Carvalho33

I N � 1 OB 1 % normal: FVIII � 189;
vWF � �200; vWRCo �
247

DDAVP 0.3�g
kg�1

Jones et al.41 I N � 1 OB 1 % normal: FVIII � 72;
vWF � 89; vWRCo �25

Humate P® 30 U
kg�1 continued
for 6 d

CSE � combined spinal epidural analgesia; DDAVP � 1-deamino-8-D-arginine vasopressin; FVIII � factor 8 (normal � 0.5–1.5 IU mL�1); G � needle gauge; GM � gertie-marx needle; Haemate
HS® � intermediate purity plasma derived FVIII/vWF concentrate (Aventis Behring); Humate P® � high purity plasma derived FVIII/vWF concentrate (CSL Behring); LEA � lumbar epidural
analgesia; N � number of patients; OB � obstetric; N/A � data not indicated in reference; vWD � von Willebrand’s disease; vWF � von Willebrand factor (normal � 0.5–2.0 IU mL�1);
vWRCo � Ristocetin Co-factor activity (normal � 0.5–2.0 IU mL�1).
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sufficient data regarding the frequency of hemor-
rhagic complications after neuraxial techniques in
patients with bleeding diatheses does not mean that
hemorrhagic complications do not occur often.
Vastly (and prohibitively) larger numbers of pa-
tients are required to determine the true incidence

of epidural hematoma, as well as support or refute
the safety of neuraxial techniques, in patients with
hemophilia, vWD, or ITP.

Moreover, the gross disproportions between sur-
gical indication (e.g., obstetrics vs orthopedics) and
neuraxial technique type (e.g., lumbar epidural vs

Table 2. Continued

Posttreatment
coagulation
parameters Gauge/type

Difficult
insertion Outcome

Authors’
recommendations Remarks

N/A N/A N/A No complications LEA safe in mild
Type I vWD
when defects
normalized

2 patients with Type I vWD
received 2 NTs for
different pregnancies

N/A N/A No No complications None vWD indices spontaneously
normalized at term before
NT

N/A 18-G Tuohy No No complications None

N/A N/A N/A No complications None vWD subtypes not
indicated

Selection criteria for
DDVAP not indicated

Median (IU
mL�1): FVIII
�0.5; vWF �0.5;
vWRCo �0.5

N/A N/A No complications NT not
performed
unless factor
levels �0.5 IU
mL�1

vWD subtypes not
indicated among 8
patients who received
LEA

1 patient with moderate
Type I treated, method
not indicated

7 patients spontaneously
normalized at term

IU mL�1: FVIII �
1.4; vWF � 1.34

N/A N/A No complications None

% normal: FVIII �
108; vWF � N/A;
vWRCo � 10

16-G Tuohy No No complications None

% normal: FVIII �
200; vWF � N/A;
vWRCo � N/A

17-G Tuohy No No complications Decision must be
made on case-
by-case basis

Careful
surveillance for
neurological
symptoms

LEA safe in mild
Type I when
defects
normalized

N/A 17-G Tuohy; 26-G
GM; 19-G
Catheter

No No complications None DDAVP administered
despite supra-normal
factor levels

% normal: FVIII �
115; vWF � 122;
vWRCo � 112

N/A No No complications None vWRCo �68% throughout
hospitalization
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spinal) undermine the validity of any general man-
agement recommendations that can be drawn from
the present review for at least two important rea-
sons. First, it has been shown that the prevalence of
spinal hematoma after neuraxial techniques is con-
siderably less in the obstetric population.70,71 Sec-
ond, among the 406 neuraxial techniques placed in
obstetric patients with hemostatic defects, 96% had
Type I vWD (69 of 72 patients) or ITP (325 patients),

leaving only 2 patients with Type IIA vWD and 1
with Type III vWD which are arguably more severe
than either Type I vWD or ITP in pregnancy. In
particular, deficiencies in factor levels almost uni-
versally improve near term in Type I vWD. These
limitations certainly serve to underestimate the rate of
hemorrhagic complications in patients with bleeding
diatheses and underscore the need for large-scale,
multi-institutional, international investigation to

Table 3. Data Summary of Neuraxial Techniques in the Setting of Idiopathic Thrombocytopenic Purpura (ITP)

Author/reference Population/N
No. of
blocks

Preblock platelet count
(� 109 L�1) Treatment Gauge/type

Difficult
insertion Outcome

Authors’
recommendations Remarks

Lumbar epidural
Deruddre

et al.49
OB N � 19 19 Plt �100 (N � 6) Steroids (N �

12)
N/A N/A No complications Plt �100 not

contraindication
to NTPlt � 100–150 (N � 13) IVIg (N � 2)

Both (N � 5)
None

(N � 13)
Frenk et al.50 OB N � 135a 135 Plt �50 (N � 2) Transfused to

Plt � 50
N/A N/A No complications Decision must be

made on case-
by-case basis

Patients included
ITP, GT,
preeclampsia

Plt � 51–60 (N � 2)

Plt � 61–100 (N � 131) Epidural catheter
removed if
Plt �60

Ramos et al.55 OB N � 10 10 Plt �101 (N � 5) None N/A N/A No complications None
Plt � 70–100 (N � 5)

Moeller-Bertram
et al.43

OB N � 1 1 Plt � 26 None 18-G Tuohy No No complications None ITP undiagnosed
before block20-G Catheter

Platelet count
determined after
placement of
epidural catheter

Webert et al.61 OB N � 42 42 Plt �150 (N � 8) N/A N/A N/A No complications None Exclusion criteria for
epidural not
indicated

Plt � 101–150 (N � 8)
Plt � 76–100 (N � 19)
Plt � 51–75 (N � 6)
Plt �50 (N � 1)

Frolich et al.39 OB N � 1 1 Plt � 61 None N/A No No complications None TEG analysis normal
Beilin et al.48 OB N � 1 3 Plt � 93–96 None 18-G Hustead

20-G Catheter
N/A No complications Plt �100 not

contraindication
to NT

Steer 47 OB N � 1 1 Plt � 73 None N/A No No complications None TEG analysis normal
Hew-Wing

et al.40
OB N � 1 1 Plt � 2 None N/A No No complications Plt �100 not

contraindication
to NT

Rasmus et al.56 OB N � 6 6 Plt � 18–82 None 17-G Tuohy N/A No complications Plt �100 not
absolute
contraindication
to NT

(Plt �50 � 2) 19-G Catheter

Rolbin et al.57 OB N � 61 61 Plt � 50–75 (N � 2) None N/A N/A No complications LEA safe if
Plt �100Plt � 76–100 (N � 1)

Plt � 101–125 (N � 17)
Plt � 126–149 (N � 41)

Thoracic epidural
Roullet et al.46 Pediatric N �

1
1 Plt � 83 Transfused to

Plt � 83
from 50

20-G Tuohy
24-G Catheter

No No complications None

Spinal
Frenk et al.50 OB N � 35a 35 Plt �50 (N � 2) Transfused to

Plt �50
N/A N/A No complications Decision must be

made on case-
by-case basis

Patients included
ITP, GT,
preeclampsia

Plt � 50–60 (N � 4)
Plt � 61–100 (N � 29)

Ramos et al.55 OB N � 7 7 Plt �101 (N � 2)
Plt � 70–100 (N � 5)

None 27G or 29G
Whitacre or

Yale

N/A No complications None

Chang et al.35 GYN N � 1 1 Plt � 46–64 None 25G N/A No complications Plt �50 safe for
spinal blockType N/A

Paravertebral
Okutomi et al.44 OB N � 1 2 Plt � 69 Steroids, IVIg 17G No No complications

Type N/A

Numeric values presented as � 109 L�1.
OB � obstetric; G � needle gauge; GT � gestational thrombocytopenia; GYN � gynecologic; IVIg � intravenous immune globulin; ITP � idiopathic thrombocytopenic purpura; LEA � lumbar
epidural anesthesia; N � number of patients; N/A � data not indicated in reference; NT � neuraxial technique; Plt � platelets; TEG® � thromboelastography.
aIn the largest case series by Frenk et al., there were 170 patients (135 LEA, 35 spinal blocks) with ITP, GT, and Preeclampsia. The authors did not enumerate each entity.
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validate the results presented in this review article
and generate meaningful management strategies for
neuraxial techniques.

Relevant professional societies provide minimal, if
any, evidence-based guidelines to assist anesthesiolo-
gists considering neuraxial techniques in patients with
hemophilia, vWD, or ITP. Drawn from expert opinion,
retrospective data and case reports, the widely cited
consensus statements published by ASRA and the
German Society of Anesthesiology and Intensive Care
pertain exclusively to patients undergoing neuraxial
techniques in the setting of hemostasis altering medi-
cations. Neither ASRA, European Society of Regional
Anesthesia, the American Society of Anesthesiologists,

the Canadian Anesthesiologists Society,† nor the Ameri-
can College of Obstetrics and Gynecology offers any
guidelines for the practice of neuraxial techniques in
patients with inherited coagulopathies or ITP.16,17,75,76

Table 4 summarizes available recommendations
from professional societies and government agencies
regarding the provision of neuraxial techniques in the
setting of hemophilia, vWD, or thrombocytope-
nia.77–82 Importantly, each of these guidelines is based

†http://www.cas.ca/members/sign_in/guidelines/practice_of_
anesthesia/default.asp?load�obstetrical_regional_analgesia, last ac-
cessed June 30, 2008.

Table 4. Guidelines for Neuraxial Techniques in Hemophilia, von Willebrand’s Disease, and Thrombocytopenia

Author/
reference Society Title Bleeding diathesis

Level of
evidence Recommendations Remarks

Demers et al.79 SOGC Gynaecological and
obstetric
management of
women with
inherited bleeding
disorders

Hemophilia V Neuraxial techniques safe
when coagulation
factors normal

’Normal’ levels not defined

No case series referenced

vWD V Neuraxial techniques safe
when coagulation
factors normal

’Normal’ levels not defined
No distinction made between

vWD subtypes
vWD recommendation based on

single case report and single
case series reviewed
herein37,43

Lee et al.80 UKHCDO The obstetric and
gynaecological
management of
women with
inherited bleeding
disorders

Hemophilia V Neuraxial techniques safe
when coagulation
factors �0.5 IU mL�1

Hemophilia recommendation
based on single case series
and case report38,53

Use midline technique
with minimum local
anesthetic
concentration

vWD Type I V Neuraxial techniques safe
when coagulation
factors �0.5 IU mL�1

vWD recommendations based
on 5 of 10 case series
reviewed herein34,37,42,43,54

Use midline technique
with minimum local
anesthetic
concentration

Rationale for avoidance in vWD
Types II and III not
explained

Pasi et al.81 UKHCDO Management of von
Willebrand disease

vWD V Neuraxial techniques safe
when coagulation
factors �0.5 IU mL�1

Rationale for avoidance in vWD
Types II and III not
explained

Avoid neuraxial
techniques in patients
with vWD Types II
and III

No case series referenced

77 BCSH Guidelines for the
management of
idiopathic
thrombocytopenic
pupura in adults,
children, and in
pregnancy

ITP V Platelet count �80 � 109

L�1 recommended for
neuraxial techniques

No case series referenced
Conflicts with 2003

recommendations also
published by BCSH in 2003
regarding platelet
transfusion78

78 BCSH Guidelines for the use
of platelet
transfusion

Thrombocytopenia V Platelet count �50 � 109

L�1 recommended for
neuraxial techniques
and major surgical
procedures

Based on single case series and
2 consensus statements83,84,87

Conflicts with 2003
recommendations also
published by BCSH
regarding management of
ITP in pregnancy77

Schiffer et al.82 ASCO Platelet transfusions for
patients with cancer:
clinical practice
guidelines of ASCO

Thrombocytopenia V Platelet count �40–50 �
109 L�1 recommended
for neuraxial
techniques and major
surgical procedures

Based on 2 case series reviewed
herein85,86

ASCO � American Society for Clinical Oncology; BCSH � British Committee for Standards in Haematology; SOGC � Society of Obstetrics and Gynaecology of Canada; UKHCDO � United Kingdom
Haemophilia Doctors Organization.
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on expert opinion and/or case series with fewer
patients than are presented in this review.52,83–87

An in-depth review of hemophilia, vWD, and ITP is
not provided as the implications for anesthesia in
general have been presented elsewhere.88 In brief,
hemophilia is an inherited bleeding disorder resulting

from deficiencies in specific coagulation factors and is
diagnosed by direct factor assay. Hemophilia A (80%
of hemophiliacs) occurs when there is a deficiency in
Factor VIII, and B (20% of hemophiliacs) occurs when
Factor IX is deficient. The prevalence of hemophilia A
is approximately 1 in 5000, whereas that of hemophilia

Table 5. Data Summary of Lumbar Puncture or Caudal Injection in Nonimmunologic Thrombocytopenia

Author/reference Population/N
No. of

punctures

Preblock
platelet count

(� 109 L�1) Treatment
Gauge/

type
Difficult
insertion Outcome

Authors’
recommendations Remarks

Lumbar puncture
Lee et al.104 ONC N � 4 4 Patient A—

Plt � 46
A—Plt � 46

post
transfusion

N/A A, D—traumatic A, B—Epidural
hematoma

None All 4 cases resolved
with conservative
management and
no neurologic
compromise

Patient B—
Plt � 159

B—None C, D—Subdural
hematoma

Patient C—
Plt � 8

Patient D—
Plt � 250

C—None
D—None

All 4 cases occurred in
the setting of
injection of
chemotherapeutic
agents

Ayerbe et al.102 ONC N � 1 1 Plt � 26 None N/A N/A Subarachnoid
hematoma, no
permanent
neurologic deficit

Authors speculate
that Plt � 25 too
low for LP

Immediate surgical
decompression

Vavricka et al.105 ONC N � 66 195 Plt � 101–150
(NT � 77)

Plt transfusion
to �20

N/A N/A No complications LP safe without
transfusion if Plt
�20Plt � 50–100

(NT � 43)
Plt � 20–50

(NT � 75)
Howard et al.86 ONC N � 952 5,223 Plt � 101–150

(NT �

3,424)

None N/A N/A No complications LP safe without
transfusion if Plt
�10

Plt � 51–100
(NT � 858)

Plt � 21–50
(NT � 742)

Plt � 11–20
(NT � 170)

Plt �10
(NT � 29)

Wirtz et al.107 ONC N � 1 1 Plt � 42 Plt transfusion,
but no
repeat Plt
count

N/A No Subdural hematoma
with
nonpermanent
paraparesis

LP safe without
transfusion if Plt
�50

Plt should be
rechecked
posttransfusion

Blade et al.103 ONC N � 1 1 Plt � 10 None 19G No Subarachnoid
hematoma

None Initial treatment for 48
h after symptoms
developed was
repeated
transfusion, target
Plt �50

Mild residual
paraparesis

Surgical
decompression 48 h
after symptoms
developed

Caudal injection
Waldman

et al.106
ONC N � 19 19a Plt �50

(N � 19)
None 25G No No complications Caudal block safe

with 25-G needle
in severely
thrombocytopenic
patients

Authors indicate they
have expanded use
of technique to
inject local
anesthetic and
methylprednisolone

Thoracic epidural
Wulf et al.108 ONC N � 1 1 Plt � 48 None 21-G

needle
No Asymptomatic

epidural
hematoma

Plt count should be
known before
NT

Epidural hematoma
discovered on
autopsy after
unrelated death

26-G
catheter

Numeric values presented as �109 L�1.
LP � lumbar puncture; N � number of patients; NT � number of LPs performed; ONC � oncologic patients thrombocytopenic from malignancy, chemotherapy, or radiation; Plt � Platelets.
a Thirty-seven anticoagulated patients and 19 patients with nonimmunologic thrombocytopenia underwent 336 caudal blocks. Each patient with thrombocytopenia underwent more than one
caudal block but authors did not indicate specific numbers.
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B is approximately 1 in 25,000.89 Traditional surgical
recommendations for hemophiliacs suggest that major
surgery can be safely performed when Factor VIII/IX
levels are normalized (�0.5 IU mL�1).90–92

vWD is the most common inherited coagulopathy
and is estimated to affect approximately 1%–2% of the
general population. It results from either a quantita-
tive or qualitative defect of von Willebrand Factor and
is classified into four major subtypes.93–95 Laboratory
values helpful in diagnosing or assessing the severity
of vWD are Factor VIII levels, von Willebrand Factor
levels, and Ristocetin Co-factor Activity that assesses
von Willebrand Factor binding to platelet glycopro-
teins. Normal values for each of these laboratory
assays are 0.5–1.5 IU mL�1.96,97 Treatment in the
perioperative period ranges from 1-deamino-8-D-
arginine vasopressin for mild Type I disease, but
can progress to cryoprecipitate and high concentra-
tion factor replacement as necessary. Specific treat-
ment strategies may be determined in consultation
with a hematologist.90

ITP is characterized by thrombocytopenia with-
out identifiable cause. Its estimated incidence
ranges from 1.6 to 6.6 in 100,000 adults per year.98,99

Diagnosis is made by history, physical, complete
blood count, and peripheral blood smear that have
excluded all other etiologies of thrombocytopenia.98

It is important to note that the platelets that do
circulate, and thus are reflected in the platelet count,
are fully functional. First-line therapy for ITP,
should it be necessary, is the administration of
corticosteroids. Second-line therapies include che-
motherapeutic drugs, such as azathioprine and
vinca alkaloids. For urgent or emergent surgery,
transfusion of single donor platelets or IV immune
globulin can be most effective. Unfortunate refractory
cases of ITP usually undergo splenectomy which offers a
50% chance of cure.88 The minimum acceptable platelet
count that is widely cited for most surgical procedures
is 50 � 109 L�1 to maintain adequate primary hemo-
stasis.78,82,100,101 However, the minimum platelet
count at which the risk of hemorrhagic complications
from neuraxial techniques becomes prohibitively high
remains undefined.

It is noteworthy that lumbar puncture is fre-
quently performed for diagnostic or therapeutic
purposes in severely thrombocytopenic patients.
Our literature search identified 5445 patients among
eight published reports describing the use of
neuraxial techniques in the setting of nonimmuno-
logic thrombocytopenia (oncologic primary, chemo-
therapy, or radiation induced) (Table 5).86,102–108

These patients did not meet our inclusion criteria
and are arguably at higher risk for spinal hematoma
because lumbar punctures are often performed by
individuals with less experience, using larger gauge
needles, in more severely thrombocytopenic pa-
tients, particularly in cases of leukemia, than

neuraxial techniques performed by anesthesiolo-
gists. Eight cases of spinal hematomas were re-
ported in patients with platelet counts ranging from
8 to 250 � 109 L�1 and 2 needle insertions described
as traumatic.102–104,108 It seems plausible that, given
identically low platelet counts, neuraxial techniques
in the setting of leukemic thrombocytopenia may be
more dangerous than in ITP in pregnancy, but this is
wholly speculative.

In summary, there is a paucity of published data
regarding the provision and safety of neuraxial tech-
niques in patients with common bleeding diatheses.
Based on reports of only 507 neuraxial techniques, of
which 406 were in the obstetric population, hemor-
rhagic complications after neuraxial techniques in
patients with known hemophilia, vWD, or ITP appear
infrequent when factor levels are more than 0.5 IU
mL�1 for Factor VIII levels, von Willebrand Factor
levels, and Ristocetin Co-factor Activity levels, or
when the platelet count is more than 50 � 109 L�1

before block performance. The minimum “safe” factor
levels and platelet count for neuraxial blockade re-
main undefined in both the obstetric and general
populations and evidence-based recommendations for
neuraxial techniques in the setting of hemophilia,
vWD, or ITP cannot be offered.
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APPENDIX30,31

Level of
evidence Description
Level I Randomized controlled trial

Systematic review of Level I randomized
controlled trials (homogeneous
studies)

Level II Prospective cohort study
Poor-quality randomized controlled trial

(e.g. �80% follow-up)
Systematic review

Level II studies
Nonhomogeneous Level I studies

Level III Case control study
Retrospective cohort study
Systematic review of Level III studies

Level IV Case series (no, or historical, control
group)

Level V Expert opinion
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ith the advancement in the understanding of
coagulation mechanisms and the parallel

improvement of Factor VIII (FVIII) replacement therapy,
regional anesthesia can be used in patients with hemophilia
provided that FVIII activity levels are maintained above 80
percent during the procedure and then 30 percent thereafter.
Reports of using regional anesthesia are scarce and there has
been no report of using a CABPB in patients with hemophilia.
Recently, we had a patient with severe hemophilia who
underwent an extensive elbow surgery and needed effective pain
control postoperatively to participate in the early joint
mobilization therapies. We used a CABPB, and the patient was
able to participate in the continuous passive motion and weight-
bearing physical therapy on the first postoperative day. 

CASE REPORT
A 36-year-old male patient (height, 178 cm; weight, 128 kg)

with severe hemophilia was scheduled for a resection of the
radial head, synovectomy, and contracture release of his right
elbow. His medical history was significant for hemophilia A
with a FVIII activity level of less than 1 percent. His surgical
and anesthesia history included total knee replacements and
ankle fusions under general anesthesia without difficulty. For
the last several years, he experienced repeated hemarthroses of
his right elbow resulting in Stage IV hemophilic arthropathy
with pain, swelling, and limitation of motion. The range of
motion of his right elbow was 30 to 105 degrees of flexion. He
was unable to reach his mouth with his right hand. A
neurological examination of his right arm was normal. His
medications included FVIII and hydrocodone with
acetaminophen. 

The plan was to proceed with surgery under general
anesthesia, evaluate neurological and vascular status of his right
arm after he was fully awake from anesthesia, and then place a
CABPB catheter the next day. After obtaining adequate
analgesia, the patient’s right arm was to be placed on continuous
passive motion and physical therapy that required flexion and

extension of his elbow with a 2 kg of weight every two hours
between his continuous passive motion therapies.

One hour before the surgery, the patient received 3500 units
of intravenous FVIII followed by a continuous infusion of 215
units per hour. His FVIII dosage was determined by a FVIII
falloff study and his FVIII level was 84 percent before entering
the operating room. General anesthesia was induced with
intravenous fentanyl, 250 mcg; propofol, 250 mg; and
rocuronium, 75 mg. His trachea was intubated without trauma
and anesthesia was maintained with inhalation of isoflurane and
nitrous oxide for the 4-hour procedure. Blood loss was about
200 ml with the use of tourniquet. Postoperatively his pain was
controlled with intravenous morphine. On the first
postoperative day, the neurological and vascular examination of
his right arm was normal and his VIII level was 115 percent. A
CABPB performed by identifying the brachial plexus with a
nerve stimulator (Stimuplex, B. Braun Medical Inc., Bethlehem,
PA) connected to an 18-gauge, insulated Tuohy needle. Twenty
ml of normal saline was injected through the needle and a 20-
gauge polyamide radiopaque catheter (Contiplex B. Braun
Medical Inc., Bethlehem, PA) was advanced 10 cm beyond the
needle tip into the axillary neurovascular sheath. After a 5 ml
test dose, 30 ml of 0.2 percent ropivacaine was injected through
the catheter followed by a continuous infusion of 0.2 percent
ropivacaine at a rate of 6 ml per hour. After obtaining adequate
analgesia, his right arm was placed on a continuous passive
motion machine. Every 2 hours between his continuous passive
motion therapies, for 15 minutes he participated in physical
therapy that required flexion and extension of his elbow with a
2 kg of weight. His pain was assessed on a visual analog scale of
0 to 10 (0: no pain, 10: the most unbearable pain) and
maintained at less than 3 by adjusting the rate of ropivacaine
infusion between 6 to 15 ml per hour. Intravenous morphine
was made available as a rescue medication. His FVIII was
checked every 12 hours and maintained between 33 to 150
percent by the continuous infusion of FVIII. He participated in
continuous passive motion and weight-bearing physical
therapies without difficulty. He experienced no break-though

Authors:
Seuk B. Kang, MD 
Department of Anesthesiology
Gundersen Lutheran

Kevin M. Rumball, MD
Department of  Orthopaedic
Surgery
Gundersen Lutheran

Robert S. Ettinger, MD 
Division of Pediatric Hematology
and Oncology 
Gundersen Lutheran  

Continuous Axillary Brachial Plexus Block for
Postoperative Analgesia in a Patient with Severe
Hemophilia
Continuous Axillary Brachial Plexus Block (CABPB) is an effective method of controlling
postoperative pain after upper extremity surgery. We report a case of using a CABPB to control
postoperative pain and facilitate early joint mobilization with continuous passive motion and
weight-bearing physical therapy after an elbow surgery in a patient with severe hemophilia.

W

50 Gundersen Lutheran Medical Journal • Volume 2, Number 1, March 2003



pain and required no rescue medication except hydrocodone, 10
mg with acetaminophen, 500 mg each night to help him to
sleep. On the third postoperative day, the catheter was removed.
There was no bleeding at the skin puncture site or hematoma
formation in the axilla. The patient’s sensory function returned
to normal in 3 hours. He was discharged from the hospital on
the fourth postoperative day with an intravenous catheter in
place to self-administer FVIII. He returned for FVIII level
checks for the next 2 days and then every 2 to 5 days for 3 weeks
as he was being tapered off the replacement therapy. His FVIII
level was maintained between 33 to 58 percent. Three weeks
postoperatively, he remained free of pain. The range of motion
of his right elbow was 25 to 100 degrees of flexion. He was able
to reach his mouth with his right hand. The patient was satisfied
with the surgical outcome, postoperative pain control, and
hemophilia management.

DISCUSSION
Hemophilia A is a bleeding disorder resulting from a genetic

deficiency of FVIII and is the most common and most serious
hereditary disorder of coagulation. It is transmitted as an X-
linked recessive trait with variable expression. The incidence is
estimated at 1 in 10,000 to 25,000. Hemarthosis is the most
common manifestation of moderate to severe hemophilia A.
Repeated bleeding into a joint can cause chronic synovial
inflammation and progressive cartilage degeneration, known as
hemophilic arthropathy, that often requires surgery.1,2 With the
advancement of VIII replacement therapy, orthopedic surgery
can be performed safely under general or regional anesthesia
provided that the FVIII level is maintained at 80 to 100 percent
during surgery and above 30 percent postoperatively.2-4 In
preparing patients with hemophilia for surgery, FVIII levels are
routinely raised to approach 80 to 100 percent to compensate
for its intraoperative decline secondary to dilution, short half-
life, or possible resistance, and to insure that FVIII levels do not
drop below 30 percent during surgery and the immediate
postoperative period. FVIII dosage is determined by
preoperative FVIII falloff studies that allow the development of
a dose response curve so that the dosages and timing can be
tailored to the individual patient to maintain the desired FVIII
level.2,3 There is no conclusive data showing the precise level of
FVIII activity or how long the level should be maintained
postoperatively. It is generally believed that a FVIII level of
greater than 30 percent postoperatively for 10 days is sufficient.2-6

In our patient, we had difficulty maintaining a steady FVIII
level because of the frequent failures of the intravenous infusion
site. His FVIII levels were as low as 33 percent and as high as
150 percent. 

The successful use of axillary block, continuous epidural,
and spinal anesthesia has been reported in patients with
hemophilia provided that the patient’s FVIII levels were
maintained above 30 percent.4,7 However, we found no report of
using a CABPB in patients with hemophilia in our literature
search.

A CABPB provides excellent postoperative analgesia8-14 and
can be used to facilitate early joint mobilization with

continuous passive motion.8,9 To improve the joint mobility
after elbow surgery, early physical therapy with continuous
passive motion has been advocated.8,9 Lennon8 and Morrey9

described placing a CABPB in the recovery room after the
patient is fully awake from general anesthesia so that the
neurological and vascular evaluation of the operated extremity
can be performed prior to placing the block.

The risk of vascular complication from placing a CABPB in
patients with hemophilia is unknown. For patients without
hemophilia, Morrey9 and Gaumann et al10 reported no bleeding
from 26 and 20 patients, respectively. Mezzatesta et al11 reported
one axillary artery puncture in 20 patients.  Sada et al12 reported
one major hematoma formation in 597 patients. 

We postulated that the risk of bleeding in our patient from
a CABPB catheter should be no higher than that of a patient
without hemophilia provided that patient’s FVIII level was
maintained above 80 percent while the catheter was being
placed and then above 30 percent thereafter. We presented the
result of our literature search to the patient and discussed the
benefits and risks of a CABPB. He consented to receiving
general anesthesia for the surgery and the placement of a
CABPB postoperatively. 

The use of 0.2 percent ropivacaine provided him with
effective pain control while preserving motor function and
allowed him to actively participate in the weight-bearing
physical therapy.

In summary, we report a case of using CABPB in a patient
with severe hemophilia for postoperative pain control and
facilitate early joint mobilization after an extensive elbow
surgery. We believe that CABPB can be used in patients with
hemophilia provided that FVIII level is maintained above 80
percent during the placement of the catheter and then 30
percemt thereafter. 
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