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Abstract Intracranial hemorrhage (ICH) is the most
serious bleeding event that occurs in patients with
hemophilia; its estimated mortality rate is approximately
20 %, accounting for the largest number of deaths from
bleeding. We conducted this single-center, retrospective
study to examine the characteristics of and prognostic
factors in patients with hemophilia. A comprehensive
review of 12 cases of intracranial hemorrhage (ICH)
among 10 patients. All 12 cases of ICH in the 10 patients
were treated with clotting factor concentrates. Three
patients had intracerebral hemorrhage that required neu-
rosurgical intervention. After presenting with ICH, two
pediatric patients developed antibodies to clotting factors.
Two adult patients with intracerebral hemorrhage died, and
the mortality rate was thus 20.0 % (2/10) in our clinical
series. Prompt and intensive treatment with clotting factor
concentrates may significantly lower the mortality rate
among patients with hemophilia presenting with ICH. Our
results showed a better prognosis in pediatric patients with
intracerebral hemorrhage. Clinicians should pay special
attention to the possible development of inhibitors after
intensive treatment in pediatric patients. Further studies are
needed to examine methods for administering clotting
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factor concentrates and to determine whether neurosurgical
intervention is essential in each case.

Keywords Hemophilia - Intracranial hemorrhage -
Clotting factor concentrates - Neurosurgical interventions

Introduction

Hemophilia is an X-linked congenital bleeding disorder
with a frequency of about 1 in 10,000 births. It is caused by
a deficiency of coagulation factor VIII (FVIII) or IX (FIX),
referred to as hemophilia A or B, respectively, in associ-
ation with mutations in clotting factor genes [1, 2]. Patients
with hemophilia commonly present with joint and muscle
bleeding. In these patients, the current standard treatment is
to replenish the deficient FVIII or FIX for therapeutic or
prophylactic purposes.

Intracranial hemorrhage (ICH) is the most serious
bleeding event that occurs in patients with hemophilia;
its estimated mortality rate is approximately 20 %,
accounting for the largest number of deaths from
bleeding [1, 3-5]. ICH may occur spontaneously or due
to trauma (spontaneous or traumatic ICH, respectively).
Traumatic ICH is more prevalent in children than adults,
and head trauma, especially, is one of the most common
injuries in childhood [3, 6]. Predisposing risk factors for
ICH include the severity of the hemophilia, advanced
age, the presence of inhibitors, human immunodeficiency
virus (HIV) infection, hypertension, and a history of ICH
[1, 6, 7].

Given this background, we conducted the present single-
center, retrospective study to examine the characteristics of
and prognostic factors in patients with hemophilia through
a comprehensive review of 12 cases of ICH among 10
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patients. We attempted to identify appropriate treatment
methods from this series.

Methods

This single-center, retrospective study involved 12 cases of
ICH among 10 patients with hemophilia who were admit-
ted to our hospital from January 2008 to June 2014.
Through a retrospective analysis of the patients’ medical
records, we evaluated age, sex, weight, the type and
severity of hemophilia, the presence of inhibitors, and any
history and outcomes of prophylactic treatment for ICH.
We also analyzed the characteristics of ICH, such as its
location and initial symptoms; the patients’ length of hos-
pital stay; and the methods, outcomes, and sequelae of
surgical treatment. Furthermore, we analyzed known pre-
disposing factors for ICH, such as a history of ICH; hep-
atitis B virus (HBV), hepatitis C virus (HCV), or HIV
infection; and hypertension. The current study was
approved by the institutional review board of our medical
institution (2015-01-029).

Results
Patient Characteristics

In total, 10 patients with hemophilia were diagnosed with
12 cases of ICH. Of these patients, 8 (80 %) and 2 (20 %)
had hemophilia A and B, respectively. All patients were
classified as having severe hemophilia. Four (33.3 %) cases
had high-titer inhibitors at the onset of the ICH. Of the ten

patients, five were adults and five were children. The
patients developed ICH at a median age of 19 (range 0-49)
years (Table 1).

There were seven (58.3 %) cases of traumatic ICH and
five (41.6 %) of spontaneous ICH. One pediatric patient
had two ICH episodes. First ICH event was traumatic and
the second event was spontaneous. One adult patient had
two spontaneous ICH episodes. All patients aged <5 years
had traumatic ICH. As shown in Table 2, six of the seven
(85.7 %) cases of subdural hemorrhage involved traumatic
ICH. Of the three cases of intracerebral hemorrhage and
intraventricular hemorrhage, two were adult cases of
spontaneous ICH and one was a pediatric case of traumatic
ICH.

In total, three cases of ICH occurred during prophylaxis
in two patients. Of these, one pediatric patient with inhi-
bitors had recurrent ICH episodes. The patients without
inhibitors were given FVIII concentrates at a dose of
25 TU/kg three times per week as primary prophylaxis, and
activated prothrombin complex concentrates were admin-
istered to patients with inhibitors at dose of 50 IU/kg three
times per week as secondary prophylaxis. Of all cases, two
(20.0 %) had a history of ICH. There were five (41.6 %)
HCV-positive cases and one (8.3 %) HIV-positive case.
There were no HBV-positive cases (Table 1).

Clinical Courses

All 10 patients with 12 cases of ICH were hospitalized and
treated with clotting factor concentrates. The median
length of hospital stay was 14 (range 10-37) days. The
patients were followed up for a median period of 21 (range
11-55) months.

Table 1 Baseline characteristics and risk factors of intracranial hemorrhage in patients with hemophilia

Patient no.  Age/sex Type of hemophilia  Severity  Possible risk factors
Inhibitor ~ Prophylaxis  Viral infection  Previous ICH  Others

1 oM A Severe - - - - -

2 /™M A Severe - - - - -

3 2/M B Severe - - - - -

4 2/M A Severe - - - - -

5% 12/M A Severe + + - - -

6* 13/M A Severe + + - + -

7 19/M A Severe - + - - -

8" 38/'M A Severe + - HCV - -

9 38/'M B Severe - - HCV, HIV - Hypertension,

Thrombocytopenia

10 39/M A Severe - - HCV - Hypertension
1* 2/M A Severe  + - HCV + -

12 49/M A Severe - - HCV - -

*, #, same patient
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Table 2 Types of intracranial hemorrhage

Type of intracranial hemorrhages n (%)
Subdural 7 (58.3)
Subdural and epidural 1(8.3)
Subarachnoid 1(8.3)
Intracerebral 1(8.3)
Intracerebral and intraventricular 2 (16.7)

All patients presented with typical symptoms of ICH. Of
these, headache (41.6 %) was the most common. On neu-
rological examination, four patients showed deficits, such
as reduced consciousness, hemiparesis, and speech distur-
bance. Of these patients, three had intracerebral hemor-
rhage and one had severe subdural hemorrhage. Vomiting
and seizures were the presenting symptoms in five patients,
and two of these five had seizures.

The hemorrhage and related symptoms improved in 10
cases of ICH following the administration of clotting factor
concentrates. In these cases, we replaced the clotting factor
concentrates to achieve 100 % of peak FVIII activity. For
this purpose, we frequently measured the levels of FVIII or
FIX to ensure that they were maintained at a consistent
level. The patients with hemophilia A were initially given
FVIII concentrates at a dose of 50 IU/kg, which was
repeated at 8—12-h intervals.

Two patients were given continuous FVIII concentrates.
Of these, one patient with a subdural hemorrhage requiring
neurosurgical management achieved improvement in symp-
toms without surgical management after a 4-day treatment
with FVIII concentrates (Fig. 1a). The other with a traumatic
intracerebral hemorrhage underwent ICH evacuation fol-
lowed by an 11-day treatment with FVIII concentrates.

The patients with hemophilia B were initially given
recombinant FIX concentrates at a dose of 120 IU/kg. In
addition, the patients with inhibitors were given activated
prothrombin complex concentrates at a dose of 100 IU/kg
at 12-h intervals. We adjusted the dose and treatment
interval depending on the coagulation factor levels and the
clinical course. All patients were recommended to take
prophylaxis for the ICH; most of them (8 of 10) received it
over a minimum period of 6 months.

Outcomes and Sequelae

Three patients had intracerebral hemorrhage requiring
neurosurgical intervention. Because they had decreased
mentality and signs of increased intracranial pressure at the
time of arrival in the emergency department, they under-
went emergency surgery. Two of these three patients who
presented with an initial Glasgow coma scale (GCS) score
of 3 showed poor outcomes and finally died, although
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Fig. 1 Brain computed tomography (CT) scans in four patients with
hemophilia presenting with intracranial hemorrhage. a A 39-year-old
man with severe hemophilia A presented with subdural hemorrhage
(SDH) and a GCS score of 14. Brain CT showed SDH along both
cerebral convexities and the right falx. This was accompanied by the
finding that the midline was shifted to the left side. b A 42-year-old
man with severe hemophilia A presented with intracranial hemor-
rhage and a GCS score of 3. Brain CT showed an acute intracerebral
hemorrhage of 6.9 x 3.2 x 5.0 cm at the left basal ganglia, an
intraventricular hemorrhage with hydrocephalus, severe brain edema,
and a subfalcine herniation. ¢ A 38-year-old man with severe
hemophilia B presented with ICH and a GCS score of 3. Acute
intracerebral hemorrhage was present in the right temporal lobe. d A
7-month-old boy with severe hemophilia A presented with ICH and a
GCS score of 9. Brain CT showed an acute intracerebral hemorrhage
of 5.0 x 5.0 x 4.0 cm at the right basal ganglia and an intraventric-
ular hemorrhage at the right parietal lobe. Three of these patients (b,
¢, and d) with intracerebral hemorrhage underwent neurosurgical
intervention

emergency management with clotting factor concentrates
and surgical procedures were performed. One patient with
a subcortical hemorrhage underwent ICH evacuation fol-
lowing decompressive craniectomy and burr-hole trephi-
nation with catheter insertion for aspiration of the
hemorrhage. The same procedure was performed for the
other patient, who had basal ganglia hemorrhage with
intraventricular hemorrhage.

As shown in Fig. 1b, ¢, computed tomography (CT)
showed several risk factors for ICH in both patients. One
patient had hypertension, a history of ICH, and high-titer
inhibitor, and the other was positive for HCV and HIV and
had a low platelet count (36,000 x 10°/L), possibly due to
HIV infection, at the time of ICH onset. On admission,
approximately 7-8 h after the onset of symptoms, both
patients received clotting factor concentrates.
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One adult patient and one pediatric patient had repeated
episodes. The adult patient required emergent neurosurgi-
cal intervention and finally expired. The pediatric patient
achieved improvement in hemorrhage and related symp-
toms after treatment with clotting factor concentrates.

One young patient with a traumatic intracerebral hem-
orrhage underwent ICH evacuation followed by treatment
with continuous infusion of FVIII concentrates. This
patient had an initial GCS score of 9 and eventually
achieved symptom resolution, although there was a resid-
ual presence of neurological sequelae on CT scans
(Fig. 1d). The mortality rate in our series was 20.0 % (2/
10). The clinical courses and prognoses are presented in
Table 3.

After presenting with ICH, two patients developed
inhibitors (antibodies to FVIII). In one of these patients, the
low-titer inhibitor (<5 Bethesda Unit (BU)) disappeared
spontaneously at postoperative month 5. The other patient
had high-titer inhibitor (=5 BU) and received immune
tolerance induction (ITI) for 28 months to remove persis-
tent inhibitors to FVIIL. Eradication of inhibitor by ITI was
achieved.

Discussion
The most frequently encountered life-threatening event

among patients with hemophilia is ICH. Supporting this
finding is a report comparing mortality due to ICH between

Table 3 Clinical course and prognosis

hemophilia populations; this report was based on the
United Kingdom Hemophilia Centre Doctor’s Organization
database, which has been established over the past two
decades [8]. After treatment with FVIII and FIX concen-
trates became available in the late 1950s and 1960s, there
was a dramatic decrease in mortality in patients with
hemophilia A or B presenting with ICH from 70 % [9] to
20-30 % [10]. However, according to recent studies, the
mortality rate of hemophiliacs with ICH is still about 20 %
[3, 11], and there has been no corresponding decrease in
the mortality of patients with hemophilia presenting with
ICH.

However, there is a paucity of epidemiological data
about ICH in patients with hemophilia. The incidence of
ICH has been found to range from 2.2 to 7.5 % in patients
with hemophilia [5, 6, 12—-14]. In one study, the cumulative
hazard of ICH for the entire cohort over the comprehensive
follow-up period was 26.7 per 1000 patients, and the
annual rate of ICH was 2.50 events per 1000 patients (95 %
CI = 1.90-3.31) [11]. Patients with hemophilia are 20 to
50 times more likely to develop ICH than the general
population, with a reported prevalence of 2.7-12 % and an
incidence of 290-748/10° patient-years [3—6].

Trauma is the most common event that precipitates ICH
in patients with hemophilia [1]. Our study also showed that
the rate of ICH following trauma was 70.0 % (7/10). All
cases of ICH occurred after trauma in pediatric patients.
Other known predisposing factors for ICH include HIV
infection accompanied by immune suppression, the

Patient No. Type of coagulation Duration of Neurosurgical Prognosis
factor concentrates admission (days) intervention
1 Advate®? 16 No No sequelae
2 Advate® 14 No Antibodies developed
3 Feiba®® 10 No No sequelae
4 Feiba® 12 No No sequelae
5 Advate® 10 No Blurred vision, but recovered
6 Feiba® 13 No No sequelae
7 Greenmono®™® 30 No Dysarthria, but recovered
8 Feiba® 2 Yes Expired
9 Greenmono® 15 No No sequelae
10 Benefix® 12 No No sequelae
11 Benefix® 2 Yes Expired
12 Greenmono® 37 Yes Seizure, Left side weakness,

Antibodies developed

% Recombinant FVIII concentrates, Baxter Healthcare, Neuchatel, Switzerland

Plasma-derived FVIII concentrates, Green Cross, Chungbuk, Korea
Recombinant FIX concentrates, Pfizer, Madrid, Spain

Activated prothrombin complex concentrates, Baxter Healthcare, Vienna, Austria
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presence of inhibitors, and an age of <5 or >51 years [15].
In the current study, the presence of inhibitors (40.0 %,
4/10) and HCV infection (50.0 %, 5/10) were more
prevalent.

Two patients with several predisposing factors died,
both of whom had intracerebral hemorrhage. We assume
that their death occurred partly as a result of delayed
treatment with coagulation factor concentrates. This sug-
gests that mortality in patients with hemophilia presenting
with ICH is subject to the site of hemorrhage, particularly
intracerebral hemorrhage, as well as delayed treatment
with coagulation factor concentrates. The mortality rate
was 20.0 % (2/10) in our clinical series of patients. This is
consistent with previous reports showing variability in
mortality ranging from 0 to 25 % in patients with hemo-
philia presenting with ICH [5, 6, 11, 16]. Two of our three
patients who underwent neurosurgical intervention died,
but this was likely the result of the ICH characteristics and
patient conditions, not the neurosurgical intervention. In a
large trial of intracerebral hemorrhage in patients without
hemophilia, patients with a GCS score of >9 had a trend
toward more favorable outcomes with early surgery [17].
When deciding on neurosurgical intervention versus med-
ical treatment, various factors should be considered,
including the patient’s condition. In the present series, 3
(37.5 %, 3/8) developed neurological complications,
including transient neurological abnormalities (blurred
vision and dysarthria) and two patients achieved complete
recovery from symptoms. Previous studies have shown
variability in the incidence of long-term sequelae, ranging
from 9.4 to 22.7 % [5, 6, 11, 16]. This is also consistent
with our results. Inhibitors to FVIII developed in young
patients who were diagnosed with hemophilia following
the ICH event. The patients’ first clotting factor exposure at
a high dose was thought to have contributed to inhibitor
development. The only proven strategy for eradicating
inhibitors and achieving antigen-specific tolerance to
clotting factors is ITI [18, 19]. ITI involves the repeated
administration of FVIII concentrates over a period of
weeks to years, with the goal of inducing antigen-specific
tolerance [20].

Patients with severe hemophilia are recommended to
take prophylaxis through the routine administration of
factor concentrates. This treatment is reportedly effective
in preventing joint hemarthrosis [21]. One cohort study
examined whether prophylaxis is effective in lowering the
risk of ICH and found that it was effective in significantly
lowering the risk of ICH in HIV-negative patients with
severe hemophilia or those with inhibitors [7]. In that
study, the mortality was 19.6 % and its burden was shifted
to adults. Thus, the increased use of prophylaxis in the
pediatric age group might be associated with decreased
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mortality due to ICH in children. Three of our patients
survived after prophylaxis.

A long-term prophylaxis regimen has been advocated in
children and adults with severe ICH [1]. This is based on
the findings that neovascularization in the brain area, where
a hemorrhagic stroke may frequently occur, may lead to
fragility of the vessels that are vulnerable to hemorrhagic
events with even minimal insult. Patients presenting with
ICH are therefore recommended to take secondary pro-
phylaxis for a minimum period of 6 months [22].

This study has some limitations that should be consid-
ered. The sample size was small, so it is difficult to com-
pare between different age groups or whether the patients
had risk factors or not.

In summary, central nervous system hemorrhage is one
of the most common causes of death in patients with
hemophilia. Prompt and intensive treatment with coagula-
tion factor concentrates may significantly lower the mor-
tality in patients with hemophilia presenting with ICH. It is
also important to decide on neurosurgical intervention and
perform intensive treatments, such as continuous infusion
of coagulation factor concentrates, through a multidisci-
plinary approach. Adult patients with hemophilia and
known predisposing factors for ICH are recommended to
take prophylaxis, which is essential for preventing recur-
rence and lowering mortality. Clinicians should pay special
attention to the possible development of inhibitors after
intensive treatment in pediatric patients. Further studies are
needed to examine methods for administering coagulation
factor concentrates, lower the rate of the recurrence of ICH,
and determine whether it is necessary to perform neuro-
surgical interventions.
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