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To the Editors

Stroke, increasingly recognised in children in recent years, 
is an important cause of long-term morbidity and disability. 
A wide range of conditions associated with paediatric stroke 
has been identified, which differ significantly from those in 
adults. Paediatric stroke can also present with a variety of 
symptoms and signs, both specific and non-specific [1, 2]. Pae-
diatric haemorrhagic stroke (HS) is a rare but severe condition, 
with lifelong multifaceted adverse functional, psychosocial, 
and economic consequences [3]. 

In this study, we have evaluated the clinical, laboratory 
and neuroimaging findings in children with HS in order to 
draw attention to the high morbidity and mortality rates of 
paediatric HS.

Our study included 12 children with HS admitted to the 
Department of Paediatric Neurology, Necmettin Erbakan 
University, Turkey between January 2010 and January 2019. 
Paediatric HS has been defined as intracerebral haemorrhage, 
which is brain parenchymal bleeding with or without intra-
ventricular extension, occurring between the ages of 29 days 
and 18 years [3]. For cerebral palsy, the insult to the brain is 
believed to occur between the time of conception and the 
age of two years, at which time a significant amount of motor 
development has already occurred. A similar injury to the 
brain after the age of two can have a similar effect however, 
and this is often also called cerebral palsy. By the age of eight, 
most of the development of the immature brain is complete, 
as is gait development, and an insult to the brain now will 

result in a more adult-type clinical picture and outcome [4]. 
Patient data for our study was obtained from a chart review 
of hospital records. Children who had a history of head trau-
ma, a haemorrhage that was restricted to epidural, subdural, 
intraventricular or subarachnoid compartments, and children 
with both cerebral sinovenous thrombosis and haemorrhagic 
transformation were excluded from our study. The patients 
were evaluated for demographic characteristics, risk factors, 
and clinical, laboratory and neuroimaging findings including 
cranial computerised tomography and cranial magnetic reso-
nance imaging, retrospectively. 

Demographic, clinical and laboratory characteristics of 
the children with HS are set out in Table 1. The most com-
mon symptoms and the most common abnormal physical 
examination finding were headache and altered mental status, 
respectively. All patients except for one child had at least one 
risk factor. The most common risk factors were sepsis and 
thrombocytopenia. Haemorrhage on a single lobe was more 
common than haemorrhage on multiple lobes (Fig. 1). None 
of the patients except for one child had vascular imaging. 
Digital subtraction angiography showed an arteriovenous 
malformation (AVM) feeding from the left anterior cerebral 
artery in this child. HS recurred in two patients (15%). Four 
patients (33.3%) required evacuation of haematoma, and one 
patient (8.3%) underwent ventriculoperitoneal shunt because 
of hydrocephalus. Embolisation for cerebral AVM was per-
formed in one patient. HS recurred in two patients (15%) with 
factor VII deficiency during their follow-up. Three and five HS 
attacks occurred in these patients, respectively. Three patients 
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Table 1. Demographic, clinical and laboratory characteristics of children with haemorrhagic stroke

Characteristics* N = 12 
n (%)

Characteristics* N = 12 
n (%)

Age (months) [median (Q1–Q3)] 74 (3–128.5) Imaging methods 

Gender Computerised tomography 5 (41.6)

Female 7 (58.3) Computerised tomography + magnetic resonance imaging 4 (33.3)

Male 5 (41.6) Magnetic resonance imaging 2 (16.6)

Symptoms Computerised tomography + digital subtraction angiography 1 (8.3)

Headache 6 (50.0) Lateralisation of haemorrhage

Nausea/vomiting 5 (41.6) Right 5 (41.6)

Prone to sleep 4 (33.3) Left 4 (33.3)

Restlessness 4 (33.3) Both sides 3 (25.0)

Impaired consciousness 3 (25.0) Location of haemorrhage

Decrease in feeding 3 (25.0) Single

Convulsion 2 (16.6) Parietal lobe 2 (16.6)

Focal numbness 1 (8.3) Temporal lobe 2 (16.6)

Fainting 1 (8.3) Frontal lobe 3 (25.0)

Physical examination findings Subependymal 1 (8.3)

Altered mental status 8 (66.6) Multiple

Agitation/irritability 4 (33.3) Frontal + parietal lobes 1 (8.3)

Left hemiparesis 1 (8.3) Frontal lobe + temporal + parietal lobes 1 (8.3)

Risk factors/underlying diseases Frontal lobe + subarachnoid 1 (8.3)

Thrombocytopenia 3 (25.0) Temporal + occipital lobes 1 (8.3)

Sepsis 3 (25.0) Hospitalisation in paediatric intensive care unit

Factor VII deficiency 2 (16.6) Yes 8 (66.6)

Vitamin K deficiency 2 (16.6) No 4 (33.3)

Arteriovenous malformation 1 (8.3) Duration of hospitalisation (days) [median (Q1–Q3)] 27 (10–66)

Afibrinogenemia 1 (8.3) Prognosis

Acute lymphoblastic leukaemia 1 (8.3) Died 3 (25.0)

Disseminated intravascular coagulation 1 (8.3) Survived without sequelae 1 (8.3)

Immune thrombocytopenic purpura 1 (8.3) Survived with sequelae 8 (66.6)

Fanconi aplastic anaemia 1 (8.3) Cerebral palsy 3 (37.5)

Renal tubular acidosis 1 (8.3) Cerebral palsy + epilepsy 2 (25.0)

Hemiparesis + epilepsy 1 (12.5)

Hemiparesis 1 (12.5)

Paraparesis 1 (12.5)
*One patient had more than one clinical and imaging characteristic

died from sepsis, disseminated intravascular coagulation, and 
severe haemorrhage, respectively. Nine patients were followed 
up for 37.6 ± 36.6 months (0.5–120 months). All of these 
patients, except for one, demonstrated at least one sequel, of 
which cerebral palsy was the most common. The ages of the 
patients with cerebral palsy at the time of stroke were 21.6 ± 
17.8 months (2–33 months).  

It has been reported that the most common symptoms 
in many series of childhood HS are headache, vomiting, and 
altered mental status [5–9]. Cerebral AVM has been reported 
as the most common cause of HS [7–9]. Yock-Corrales et al. 
[5] reported that seven patients (20.5%) had an AVM and five

patients (14.7%) had a cavernous venous malformation, suba-
rachnoid haemorrhage, and bleeding diathesis. The cause was 
not established in one third of the patients. In another series, 
haematological causes were identified in 26 (52%) patients 
and vascular malformations in seven (14%). No cause could 
be identified in 13 (26%) patients [6]. Gerstl et al. [7] report-
ed that HS was caused by vascular malformations in more 
than half of patients. Other risk factors were brain tumour, 
coagulopathy, and miscellaneous severe underlying diseases. 
A known aetiology was identified in 121 (86.4%) patients 
and the leading cause of HS was AVM in 72 (51.4%) patients 
in another series [8]. In a systematic review, haemorrhages  
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comprised 43% of all identified aetiologies or risk factors, with 
AVMs being the most common vascular cause (70.9% of all 
vascular causes). Haematological and systemic causes, brain 
tumours, intracranial infections, and cardiac causes were the 
less commonly encountered risk factors and aetiologies [10]. 

In line with the literature, the most common symptoms in 
our series were headache, nausea/vomiting, and altered mental 
status. All patients except for one had one or more risk factor. 
Sepsis and thrombocytopenia were the most common risk fac-
tors. However, in contrast to the literature, we found vascular 
malformation in one patient (8.3%) only. This low ratio is related 
to the fact that not all patients underwent vascular imaging.

HS is a serious condition that may require early sur-
gical intervention in many patients. Of 50 patients with 
HS, 18 (36%) and three (6%) underwent neurosurgical inter-
vention and vascular interventional radiology, respectively 
[6]. In another series including 25 children with HS, 17 (68%) 
required neurosurgical therapy. Neurological deficits were 
noted in 12 (48%) patients: hemiparesis ± facial palsy (n = 8), 
ataxia (n = 1), speech disturbance (n = 1), impaired short-term 
memory (n = 1), and multiple severe neurological sequelae 
(n = 1). No data was provided about the long-term outcome 
in this series [7]. Deng et al. [8] reported that neurological 
deficits occurred in 72.8% of patients with HS on discharge. 
The most common complications were epilepsy (17.1%) and 

hydrocephalus (12.1%). Early post-stroke rehabilitation strat-
egies using, in addition to the daily rehabilitation programme, 
virtual reality therapy with visual biofeedback is more effective 
on upper extremity motor performance than is conventional 
physiotherapy, and their effectiveness does not diminish 
with patient age. This may represent a promising addition to 
conventional physiotherapy in older stroke patients, as well 
as in younger [11]. Although no death was noted in the series 
of Uzunhan et al. [12], mortality rates of up to 33.8% have 
been reported in paediatric HS [5–7, 13]. In our series, four 
(33.3%) children required evacuation of haematoma and one 
(7.5%) child underwent ventriculoperitoneal shunt due to 
hydrocephalus. Three patients (25%) died. During follow-up, 
neurological sequelae, mostly cerebral palsy, were diag-
nosed in eight (88.8%) of the nine patients who survived. 
Conventional physiotherapy was applied to the children 
with neurological sequelae. 

In conclusion, our study showed that sepsis and 
thrombocytopenia were the most common risk factors in 
children with HS, and that paediatric HS had a poor progno-
sis with high morbidity (66.6%) and mortality (25%) rates. 
Therefore, we suggest that HS can be prevented by early 
diagnosis and treatment of the risk factors that lead to 
HS in a group of patients, and thus the prognosis of HS 
can be improved.

Figure 1. In a 12-year-old girl, cranial computerised tomography demonstrates acute haemorrhage in left temporal lobe (A, B). 
Fifteen days after evacuation of haematoma, axial T1-weighted and coronal fluid attenuated inversion recovery images show 
haemorrhage and haematoma (C, D). Axial susceptibility-weighted imaging shows haemorrhage in acute-subacute period (E). 
After 8 months, coronal fluid attenuated inversion recovery, axial T1-weighted, and axial T2-weighted, images show enlarged 
occipital horn of left lateral ventricle, porencephaly, and gliotic changes in cerebral parenchyma (F–H)
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