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ARTICLE

ABSTRACT 
Background: Bleeding in hemophiliacs can cause complications in the central and peripheral nervous system (CNS and PNS). The incidence 
of intracranial hemorrhage has reduced after the introduction of prophylactic treatment with factor VIII or IX, but the benefits of 
this therapy have not yet been evaluated on PNS complications. Objective: The aim of this study was to determine the prevalence of 
neurological complications in hemophiliacs and verify the effect of prophylactic therapy in these patients, including PNS disorders. 
Methods:  We  retrospectively evaluated the prevalence of CNS and PNS disorders caused by bleeding in hemophiliacs seen at the 
Hemocentro Regional Norte, Ceará, Brazil, from 1992 to 2018, and we compared the incidence in different periods (before and after the 
introduction of prophylactic treatment in 2011). Results: Of 75 hemophilia A patients evaluated (4.61/100.000 population), 13.3% (n=10) 
had either CNS (n=5) or PNS (n=5) disorders secondary to bleeding. Patients submitted to factor VIII replacement prophylactic therapy 
were less likely to have CNS events: from 1992 to 2011, 5 of 63 patients had CNS disease, while from 2011 to 2018, there were no new cases 
(p=0.0181). From 2011 to 2018, 5 PNS events occurred in patients without prophylactic therapy, whereas none occurred in those covered 
by prophylactic therapy (5/20 versus 0/29, p=0.0081). Conclusions: The prevalence of neurological complications in hemophiliacs in our 
cohort is similar to other studies. Similar to CNS, prophylactic therapy also reduces the risk of PNS complications. This is the first report in 
the literature showing this benefit.
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RESUMO
Antecedentes: O sangramento em hemofílicos causa complicações no sistema nervoso central e periférico (SNC e SNP). A incidência de 
hemorragia intracraniana diminuiu após a introdução da profilaxia com fator VIII ou IX, entretanto esse benefício ainda não foi avaliado no SNP. 
Objetivo: O objetivo deste estudo foi determinar a prevalência de complicações neurológicas em hemofílicos, verificando o efeito da terapia 
profilática também no SNP. Métodos: Avaliamos retrospectivamente a prevalência de complicações neurológicas causadas   por sangramentos 
em hemofílicos atendidos no Hemocentro Regional Norte, Ceará, Brasil, de 1992 a 2018, comparando a incidência em diferentes períodos 
(antes e depois da introdução do tratamento profilático em 2011). Resultados: Foram avaliados 75 pacientes com hemofilia A (4,61/100 mil 
habitantes). Deles, 13,3% (n=10) tinham distúrbios do SNC (n=5) ou do SNP (n=5) secundários a hemorragias. Os pacientes submetidos à 
terapia profilática com fator VIII apresentaram menor probabilidade de eventos do SNC: de 1992 a 2011, cinco de 63 pacientes apresentaram 
hemorragia no SNC, enquanto de 2011 a 2018 não ocorreram novos casos (p=0,0181). De 2011 a 2018, cinco eventos no SNP ocorreram entre 
pacientes sem terapia profilática, e nenhum ocorreu entre aqueles cobertos pela profilaxia (5/20 × 0/29, p=0,0081). Conclusões: A prevalência 
de complicações neurológicas em hemofílicos em nossa coorte é similar à de outros estudos. Assim como no SNC, a terapia profilática 
também reduz o risco de complicações no SNP. Este é o primeiro relato na literatura a mostrar esse benefício.

Palavras-chave: Hemofilia A; Hemorragias Intracranianas; Doenças do Sistema Nervoso Periférico.
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INTRODUCTION

Hemophilia is an X-linked hereditary coagulopathy char-
acterized by deficiency or abnormality in functioning of factor 
VIII (hemophilia A) or IX (hemophilia B). Hemophiliacs are 
prone to a variety of serious bleeding complications, includ-
ing hemarthrosis, intramuscular bleeding and hemorrhagic 
CNS disease1. Although hemarthrosis is the most common, 
intracranial hemorrhage (ICH) is certainly responsible for 
most bleeding-related deaths2.

Neurological abnormalities caused by bleeding in hemo-
philiacs may include disorders of the central and periph-
eral nervous system (CNS and PNS). Intracranial bleeding in 
hemophilia patients can be caused by head trauma or spon-
taneously, and encompass intracerebral bleeding, intraven-
tricular hemorrhages, acute/chronic subdural hematoma 
(SDH), and subarachnoid hemorrhage (SAH)3. Spinal epi-
dural hematomas are rare but a potential cause of severe 
neurological dysfunction4. Epidemiological studies have esti-
mated prevalence of ICH to be 3.5–4%, but this prevalence 
may be underestimated because some conditions are asymp-
tomatic/mild, with spontaneous resolution2.

The PNS can be affected in hemophiliacs primarily by 
compressive neuropathy, but mononeuropathy multiplex 
and myopathy have also been described5,6. Hematomas cause 
focal neuropathy, either from direct injury or from compart-
ment syndrome7,8,9. In rare situations, hematomas can grow 
wild, and form a fibrous capsule that develops into a hemo-
philic pseudotumor (HPT) and may compress nerves9,10. 

The most commonly reported neuropathy involves the fem-
oral nerve, usually as a direct consequence of hematomas 
in the iliopsoas muscle11,12. Other reported neuropathies 
involve the ulnar, median, sciatic, and peroneal nerves11,13,14. 
Peripheral neuropathies have been described in several clin-
ical series from centers devoted to the treatment of hemo-
philia, with incidence ranging from 4.7–14.9%7,8.

Factor VIII replacement prophylaxis three times a 
week is the gold standard treatment of severe hemophilia. 
Some studies have shown the reduction in joint sequelae and 
intracranial bleeding in hemophiliacs undergoing prophylac-
tic treatment1,15, but there are no reports in the literature of 
these benefits in PNS complications.

The aim of this study was to evaluate the prevalence and 
clinical features of neurological disorders caused by bleeding 
in hemophiliacs seen at a tertiary center, verifying the impact 
of factor VIII prophylactic treatment on these complications, 
including peripheral nerve injury. Part of this study was 
reported in abstract form elsewhere16.

METHODS

We reviewed the medical records of all hemophiliacs seen 
at the Blood Disorder Treatment Center located at the city of 

Sobral, Ceará, Brazil, from 1992 to 12/2018. All patients with 
signs and symptoms of neurological disease were invited for 
a clinical interview and neurological exam, which was con-
ducted. For patients we could not reach because they were 
either deceased or unable to attend the interview, their med-
ical were records evaluated and neurological findings were 
also reported. We recorded all patients with signs and/or 
symptoms of CNS disease, including evidence of CNS disease 
documented by head computed tomography (CT), who had 
active evidence of bleeding or sequela. Patients with PNS dis-
orders were only included if they had an altered neurologi-
cal exam due to a bleeding lesion in the territory of a periph-
eral nerve documented by ultrasound (US) or CT imaging. 
In addition to imaging, electrophysiological testing (nerve 
conduction study and electromyography) was required to 
confirm nerve damage. For electromyography (EMG), a 
dose of factor VIII was given before the test, according to 
the Brazilian hemophilia management protocol. A US was 
also used to confirm ulnar nerve compression due to severe 
elbow arthropathy (resulting from recurrent hemarthrosis).

The first author ( JMA Fernandes) has been working 
as a consultant neurologist for the Hemocentro Regional 
Norte since 2011 and personally conducted the neurological 
work-up for all neurological complaints during this period. 
Therefore, much the study functioned as a prospective study 
conducted by a single neurologist, increasing the strength of 
the evaluation.

The data was collected in a standardized form and 
included demographic factors, clinical history, general and 
neurological exam, and laboratory, imaging, and neurophysi-
ological tests. Neurophysiological testing was similar to a 
protocol we have previously used17,18.

This study was approved by the IRB from the Centro de 
Hematologia e Hemoterapia do Ceará, in the city of Fortaleza, 
state of Ceará, Brazil (Protocol 2.979.266), including authori-
zation for conducting EMG testing. 

Descriptive statistics (mean+SEM) was initially employed 
to describe the results and we subsequently used t test and 
Fisher exact test to compare the differences among the dif-
ferent groups. The differences were statistically significant 
when p<0.05.

RESULTS

Data from 75 hemophiliacs were collected and 49, 14, 
and 12 had severe, moderate, and mild forms of hemo-
philia, respectively. All of them suffered from hemophilia A. 
Since the Hemocentro Regional Norte is the only center for 
the treatment of patients in the northern part of Ceará, we 
can estimate that the prevalence of hemophilia, and espe-
cially hemophilia A in this area is 1 patient/21675 inhabitants 
or 4.61 hemophiliacs/100.000 inhabitants (approximately 
9.2 hemophilia A patients/100,000 male inhabitants).
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Of the 75 patients with hemophilia A in our series, 13.3% 
(n=10) had CNS (n=5) or PNS disorders (n=5) due to bleeding 
(Tables 1 and 2, and Figures 1 and 2). One of the patients with 
PNS disorders suffered from bilateral lesions of the femoral 
nerve, acquired at different times, raising the number of PNS 
events to six. Therefore, the prevalence of either CNS or PNS 

disorders was 6.7%. There were no bleeding or complications 
related to electromyography exams. Patients with CNS dis-
ease (intracranial bleeding) had their neurological events at 
a significantly earlier age than patients with PNS disorders: 
12.6±6.4 versus 32.5±5 years (p<0.05). The group formed by 
patients with all types of neurological disorders (CNS and 

Table 1. Demographic and imaging findings in persons with hemophilia A and central nervous system disease.

# Agea Ageb    Disease subtype Head trauma Treatmentc Outcome

1 19 19 L acute frontal SDH (headache & 
seizure) Yes FVIII repl. No sequelae

2 13 3 R parietal SDH Yes FVIII repl. Behavior disorder & epilepsy

3 21 3  L temporo-parietal intracerebral 
hemorrhage Yes Clot drainage/FVIII repl. Epilepsy, L III nerve palsy

4 23 3 Chronic L fronto-parietal SDH Yes None Epilepsy, motor aphasia, R 
hemiparesis

5 42 35 SAH Fischer II (HIV+&HVC+) No FVIII repl. No sequelae
aage of neurological evaluation; bage of onset of the CNS disease; ctreatment during acute phase; #patient number; FVIII: factor VIII; ICH: intracerebral hemorrhage; 
repl: replacement; R: right; L: left.

Table 2. Demographic and imaging findings in persons with hemophilia A and peripheral nervous system disease.

# Agea Ageb Disease subtype Nervec Clinical features/EMG Treatmentd/outcome

1 29 29 HPT, traumatic thigh 
hematoma R sciatic Paresthesias: thigh/lat leg

øSup peroneal; ¯sural SNAP
FVIII repl; persistent sensory 

changes

2 47 47 R elbow artropathy R ulnar Hypoesthesia & weakness
ødorsal ulnarl; ¯ulnar SNAP

FVIII repl; Lateral epicondylitis; 
persistent sensory changes & 

minor weakness

3
40 42 R IP hematoma (2015) R femoral Thigh hypoesthesia, ø bil KJ FVIII repl; Also hepatitis C+; 

persistent sensory changes42 42 L IP hematoma (2017) L femoral EMG: øsaphenous; denervation

4 16 16 Hematoma (iliac fossa), 
traumatic L femoral Thigh hypoesthesia, øKJ

EMG: øsaphenous; denervation
FVIII repl; Persistent sensory 

changes

5 37 22 L IP  hematoma L femoral Thigh hypoesthesia, øKJ
EMG: øsaphenous; denervation

FVIII repl; Persisent sensory 
changes

aAge of neurological evaluation; bage of onset of the PNS disease; caffected nerve; dtreatment during acute phase; HPT: hemophilic pseudotumor ; EMG: 
Electromyography; SNAP: sensory action nerve potential; #: patient number; ø: absent; FVIII: Factor VIII; Bil: bilateral; IP: iliopsoas; KJ: knee jerk; R: right; L: left; 
repl: replacement.

Figure 1. Imaging (computerized tomography) findings of the patients with hemophilia A and central nervous system disorders. 
A. (Case 1): Left frontal acute subdural hematoma. B. (Case 2): Residual (chronic) findings of a right parietal traumatic subdural 
hematoma. C. (Case 3): Residual (chronic) findings post evacuation of a severe left traumatic temporo-parietal contusion with 
uncal herniation. D (Case 4): Residual (chronic) findings of a severe left hemisphere traumatic subdural hematoma. Note: Case 5 
had spontaneous subarachnoid hemorrhage confirmed by computerized tomography, but the image was not available.
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Figure 2. Imaging (ultrasonography and computerized tomography demonstrating hematoma, left side) and neurophysiological 
findings (right side) of the patients with hemophilia A and peripheral nervous system disorders. A (Case 1): Right thigh 
computerized tomography shows the presence of a hemophilic pseudotumor (arrow) with right sciatic nerve injury, i.e., reduction 
of the amplitude of the right sural sensitive action nerve potential and absence of the superficial peroneal sensory response. 
B (Case 2): Right elbow ultrasonography reveals thickening of the ulnar nerve (arrow) in a patient with hemophilic arthropathy 
at the elbow associated and a reduction in the amplitude of the right ulnar sensitive action nerve potential (top record) and 
absence of the right dorsal ulnar response (bottom record). C (Case 3): Left inguinal ultrasonography demonstrates hematoma 
of left iliopsoas (arrow) and absence of bilateral saphenous sensitive action nerve potential and acute denervation of the left 
vastus medialis muscle. D (Case 4): Pelvic computerized tomography reveals left iliac hematoma (arrow) and absence of the 
left saphenous sensitive action nerve potential and acute denervation (positive waves) in the left vastus medialis muscle. 
E (Case 5): Absence of the left saphenous SNAP and chronic denervation (polyphasic muscle unit action potentials with 
incomplete recruitment) in the left vastus medialis muscle.
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PNS) is older than the patients without neurological disor-
ders: 31.7±11.5 versus 21.3±14.28 (p<0.05). Of all patients with 
neurological complications, nine had severe hemophilia A 
and one had a moderate form. Four out of five CNS lesions 
and four out of six PNS lesions had a history of trauma. 
Positive HIV serology and presence of factor VIII inhibitor 
occurred only in one case of CNS and PNS, respectively. 

As can be seen in Table 1 and Figure 1, three patients had 
subdural hematoma, one intracerebral hemorrhage, and one 
subarachnoid hemorrhage. Overall, the outcome of those 
conditions was good, although one patient underwent intra-
cerebral hemorrhage drainage (patient #3) and three were 
left with epilepsy or behavior disorders. 

As can be seen in Table 2 and Figure 2, the most affected 
nerve was the femoral nerve (n=3). One of the patients 
(#3), had bilateral hematomas at 2 different occasions, 
which raised the total number of peripheral neuropathies 
to 6. One  patient with HPT in the right thigh (caused by a 
chronic traumatic hematoma), associated with right sci-
atic neuropathy and the last patient had tardive right ulnar 
neuropathy related to right elbow hemophilic arthropa-
thy. Most of the patients had predominant residual sensory 
involvement, although patients 2, 3, and 4 had more signifi-
cant motor involvement. The mechanism of nerve injury was 
entrapment due to the presence of blood clot in most of the 
cases. None of our cases were under prophylactic treatment 
(replacement of factor VIII concentrate three times a week) 
at the time they had the neurological injury. 

We conducted Fisher exact test to evaluate whether cen-
tral or peripheral nervous system disorders were more prev-
alent prior to the establishment of factor VIII replacement 
prophylactic therapy (implemented in 2011). Patients sub-
mitted to factor VIII replacement prophylactic therapy were 
less likely to have CNS events (Table 3):  from 1992 to 2011, 
5 of the 63 patients had CNS disease, while from 2011 to 2018, 
there were no new cases (p=0.0181).

At first, there seemed to be no difference in the incidence 
of PNS disorder before and after prophylaxis introduction 
(Table 3): 1/63 versus 4/75 (p=0.2193). Notwithstanding, when 
we analyzed the patients after availability of prophylactic 
therapy (since 2011), there was a significant reduction in 
PNS in treated versus untreated patients (Table 3): among 
49 patients with severe hemophilia (eligible for prophylac-
tic therapy), 29 patients started prophylaxis while 20 stayed 
on symptomatic treatment (on demand). From 2011 to 2018, 
5 PNS events occurred among patients without prophylactic 
therapy, while none occurred among those covered by pro-
phylactic therapy (p=0.0081).

DISCUSSION

Hemophilia is a rare coagulopathy, with a worldwide prev-
alence ranging from 1–9/100.000 inhabitants1. In this study, 

we found a prevalence of hemophilia and more specifically of 
type A hemophilia, of approximately 4.6 cases/100.000 inhab-
itants, similar to the prevalence of 5 and 4.6 cases of hemo-
philia A/100.000 inhabitants previously reported in Brazil 
and Northeast Brazil, respectively19.

The prevalence of CNS bleeding in hemophiliacs has been 
described to be between 2.4 to 12%7, 20-27. PNS complications 
range from 4.7 to 19%6-8,28,29.  In our study, the prevalence was 
6.7% for both CNS and PNS diseases. 

Intracranial bleeding is the most common neurologi-
cal disorder in hemophiliacs reported in the literature. 
Intracerebral hemorrhage and subdural hematoma were 
the most common subtypes7,21-27. We also found that those 
subtypes were the most common in our study. Four  of our 
patients with CNS disorders had a history of head trauma. 
The majority of the studies reported a positive relationship 
between head trauma and ICH7,21,22,24,25. Only one patient, 
who was HIV-positive, had a spontaneous SAH. Two  stud-
ies showed a relationship between HIV infection and spon-
taneous hemorrhage22,30. None of our patients died, but three 
patients had late sequelae, especially epilepsy. 

The prevalence of PNS disorders is certainly less studied, but 
there are some clinical series describing that the femoral is the 
most commonly affected nerve6-8,28,29, similar to our study. The 
other neuropathies diagnosed in our study were ulnar neuropa-
thy due to severe elbow arthropathy and sciatic neuropathy due 
to HPT in the thigh. A total of 5 patients with 6 neuropathies 
were diagnosed. Four lesions were related to limb trauma. 

Table 3. Factor III replacement prophylactic therapya versus 
neurological disease.

aFactor VIII 25–30 U/kg 3×/week; bincluded only patients with severe 
hemophilia A; CNS: central nervous system; PNS: peripheral nervous system.

CNS disease in hemophiliacs prior and after prophylaxis era

CNS 
disease

No CNS 
disease Total 

Prior to prophylaxis  
era (1992–2011) 5 58 63

After prophylaxis era (2011–2018) 0 75 75

p<0.05 (0.0181)

PNS disease in hemophiliacs prior and after prophylaxis era

PNS 
disease

No PNS 
disease Total

Prior prophylaxis era (1992–2011) 1 62 63

Prophylaxis era (2011–2018) 5 70 75

p>0.05 (0.2193)

PNS disease in hemophiliacs in the prophylaxis era (2011–2018)b

Treatment modality PNS 
disease

Free-PNS 
disease Total 

Prophylaxis 0 29 29

Symptomatic (on demand) 5 15 20

p<0.05 (0.0081)
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Even with 90% of the neurological lesions affecting hemo-
philiacs with severe disease, we did not find a significant 
relationship between hemophilia severity and the presence 
of neurological disease (p=0.1502), probably due to the small 
sample (type II error). We only found two studies that also did 
not establish a relationship with hemophilia severity, while 
another revealed a positive association15,23,26.

 None of our cases with central or peripheral nervous sys-
tem disease were on factor VIII replacement prophylactic 
therapy at the time of the neurological event. Since prophy-
laxis was introduced in Brazil in 2011 and all our ICH cases 
occurred prior to this period, we believe that the prophylac-
tic therapy is associated with a risk reduction of ICH in our 
center. Recent studies have demonstrated that prophylactic 
therapy is linked to ICH reduction in hemophiliacs15,25,31.

Regarding compressive neuropathies, in our study, 
5  events (in 4 patients) occurred after prophylaxis was 
introduced in 2011. Considering that prophylactic treat-
ment is indicated only for patients with severe hemophilia, 
from 2011 to 2018, we had 49 severe hemophiliacs eligible 
for prophylactic treatment. Of these, 29 started prophylaxis 
and 20  remained in symptomatic therapy (on demand). 
Among  the latter group, five neuropathies occurred up to 
2018, while none occurred in the prophylaxis group (Table 
3). Thus, our findings showed a positive effect of prophylac-
tic therapy (p<0.05, Fisher exact test) in reducing peripheral 
nerve involvement in hemophiliacs. There are no similar 

reports in the literature, but only reports of risk reduction of 
arthropathy and CNS disease.

We believe that cases of PNS disease were underdiag-
nosed in the pre-prophylaxis era, especially because our cen-
ter had a neurologist consulting hemophiliacs only after 2011.

The current mean age of patients with neurological dis-
eases was significantly higher than the rest of the patients 
without neurological disease. We believe that this finding 
also reflects improvement in the management of hemophili-
acs in Brazil in the last two decades, with the introduction of 
home care and prophylactic therapies.

In summary, ICH and femoral neuropathy are the main 
CNS and PNS diseases in hemophiliacs, mostly caused by 
trauma. To our knowledge, our study is the first to simul-
taneously evaluate the prevalence of CNS and PNS compli-
cations prior to and after prophylactic therapy. Despite a 
relatively small sample, this is the first report of an improve-
ment of PNS complications with prophylactic therapy. 
It reveals that prophylactic therapy, in addition to decreas-
ing the risk of ICH and arthropathy, can also decrease the 
risk of PNS lesions. 
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