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Perinatal stroke is receiving wider attention as 
an important cause of childhood disabilities 

including cerebral palsy, cognitive and behavior 
impairment, and epilepsy.1-3 It has been defined as 
a cerebrovascular event occurring from 28 weeks 
of gestation up until 7 days of age. However, most 
studies have extended the inclusion period up to 28 
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days of age.4 In earlier studies, the diagnosis of stroke 
was based on autopsy findings, but more recently this 
has relied on neuroimaging criteria including cranial 
CT and MRI. The incidence of perinatal stroke has 
been estimated to be 1/3000-1/4000 live births,5-8 
and the underlying risk factors have mainly been 
assessed on limited evidence from case reports and 

Objectives: To describe the clinical features and 
presentations of perinatal stroke in a prospective and 
retrospective cohort of Saudi children and ascertain the 
risk factors.

Methods: Patients with perinatal stroke were identified 
from within a cohort of 104 Saudi children who were 
evaluated at the Division of Pediatric Neurology at King 
Khalid University Hospital, College of Medicine, King 
Saud University, Riyadh, Saudi Arabia from July 1992 to 
February 2001 (retrospective study) and February 2001 
to March 2003 (prospective study). Neuroimaging for 
suspected cases of stroke consisted of cranial CT, MRI, or 
both.

Results: During the study period, 23 (22%) of 104 children 
(aged one month to 12 years) were diagnosed to have had 
perinatal stroke. The male:female ratio was 1.6:1. Ten 
(67%) of the 15 children who had unilateral ischemic 
involvement had their lesion in the left hemisphere. The 
presentation of the ischemic result was within 24-72 hours 
of life in 13 (57%) patients, and in 6 children (26%), 
motor impairment was recognized at or after the age of 4 
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months. Nine children (39%) had seizures at presentation. 
Pregnancy, labour, and delivery risk factors were ascertained 
in 18 (78%) cases. The most common of these included  
emergency cesarean section in 5 cases, and instrumental 
delivery in another 5. Screening for prothrombotic risk 
factors detected abnormalities in 6 (26%) patients on at 
least one test carried out between 2 months and 9 years of 
age. Four children (17%) had low protein C, which was 
associated with low protein S and raised anticardiolipin 
antibodies (ACA) in one patient, and low antithrombin III 
in another. Low protein S was detected in a 42-month-old 
boy. The abnormality in the sixth child was confined to 
raised ACA.

Conclusions: The present study highlights the non-specific 
features by which stroke presents during the neonatal period. 
The data are in keeping with the potential role for inherited 
and acquired thrombophilia as being the underlying cause. 
However, the high prevalence of additional acquired 
antenatal and perinatal risk factors support a multifactorial 
disorder.
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case series.2 The purpose of our report is to describe 
the presentation and risk factors of perinatal stroke, 
as seen in a prospective and retrospective study on 
childhood stroke. 

Methods. Patients were identified from within 
a cohort of 104 Saudi children, who presented with 
stroke and were evaluated at the Division of Pediatric 
Neurology (DPN) at King Khalid University 
Hospital, College of Medicine, King Saud University, 
Riyadh, Kingdom of Saudi Arabia. The duration of 
the prospective study was 2 years (February 2001 
– March 2003), whereas the retrospective study 
extended for 8 years and 7 months (July 1992 
– February 2001). Patients were born in different 
hospitals in Riyadh, as well as other hospitals in 
various regions of Saudi Arabia. Neuroimaging for 
suspected cases of stroke consisted of cranial CT, 
MRI, or both. The salient clinical, neuroimaging, 
laboratory, and neurophysiology data were retrieved 
for each child within the cohort in a specially designed 
comprehensive protocol. Details of these, as well as 
the laboratory methods are reported elsewhere.9,10

Results. During the study period, 23 (22%) of 104 
children (aged one month to 12 years, male:female 
ratio 1.6:1) were diagnosed to have had perinatal 
stroke based on neuroimaging characteristics as 
shown on MRI (15 patients), MRI and CT (3 patients), 
and CT alone (5 patients). Twenty-one of these were 
born at term (>37 weeks gestation), and 2 were born 
at 28 weeks and 33 weeks. The salient clinical and 
laboratory characteristics of these children are shown 
in Table 1. They were 14 boys and 9 girls. Median age, 
when first seen at the DPN, was 30 months (range: one 
month to 9 years). The mean duration of follow-up 
was 38 months (median 36 months; range: 5 months 
to 8.5 years). Ten of the 15 (67%) children who had 
unilateral ischemic involvement had their lesion in the 
left hemisphere. None of the 23 children had clinical 
signs of cardiac diseases, and no cardiac abnormalities 
were detected in 11 children who were evaluated by 
chest x-ray, electrocardiography or echocardiography, 
or both. The presentation of the ischemic insult was 
within 24-72 hours of life in most patients (median: 
2 days; range: 0-4 years). The presenting symptoms 
included hemiparesis (decreased hand use, fisting 
or hand preference) in 57% of children, of whom 3 
had associated seizures. Three of the 4 patients, who 
presented with bilateral motor deficit, had seizures 
(including infantile spasm in one patient). Another 3 
children presented primarily with seizures (associated 
with coma and multiple cranial nerve palsies in one). 
The remaining 3 patients included one who presented 

with monoplegia at 6 months, another who presented 
with delayed sitting at 6 months; and a third who 
was evaluated at the age of 4 years of age because 
of delayed cognitive and speech development. Most 
mothers gave histories consistent with gestational or 
obstetrical risk factors. The most common indicators 
included emergency cesarean section, instrumental 
delivery (3 Ventouse [Figure 1] and 2 forceps); and 
maternal insulin dependent diabetes mellitus in 2 
mothers (Figure 2). One mother had antenatal trauma 
at 7 months of gestation when she tripped over an 
iron bar. Another had chorioamnionitis following 
prolonged rupture of the membrane. Coagulation 
screen detected abnormalities in 26% of patients on 
at least one test carried out between the ages of 2 
months and 9 years. Four children had low protein C, 
which was associated with other prothrombotic risk 
factors in 2 of them. Low protein S was detected in a 
42-month-old boy.

Discussion. In this study, perinatal stroke was 
more common in males who constituted 61% of 
the group. Also, left hemisphere lesions were found 
in 2 thirds of children who had unilateral ischemic 
involvement. This male predominance, and the 

Table 1 - Clinical characteristics and ascertained risk factors in 23 
children with perinatal stroke.

Characteristics No. (%)

Male:female ratio
Mean duration of follow-up
Unilateral cerebral infarct

Presentation of perinatal stroke
24-72 hours
1-3 months
4-6 months
>6 months

Presenting symptoms
Hemiparesis
Seizures*
Bilateral motor deficit

Pregnancy and/or perinatal risk factors†
Emergency cesarean section
Instrumental delivery
Maternal insulin dependent diabetes 
mellitus
Antenatal trauma
Chorioamnionitis

Prothrombotic risk factors†
Low protein C
Low protein C, low protein S, and raised 
ACA 
Low protein C, and low antithrombin III
Low protein S
Raised ACA

1.6:1
38 months

15

13
4
4
2

13
9
4

18
5
5
2

1
1

2
1

1
1
1

(65)

(57)
(17)
(17)
(8.7)

(57)
(39)
(17)

(78)
(22)
(22)
(8.7)

(4.3)
(4.3)

(8.7)
(4.3)

(4.3)
(4.3)
(4.3)

*Associated with motor deficit, or localizing sign, or both, in 7 
patients, †Some patients had more than one risk factor 

ACA - anticardiolipin antibodies



Perinatal stroke ... Salih et al

S37 www.smj.org.sa     Saudi Med J 2006; Vol. 27 Supplement 1

Figure 2 - Magnetic resonance images of a 9-year-old boy with evidence of perinatal stroke. He was born full-term and needed assisted delivery 
because of shoulder dystocia. Mother was diabetic and hypertensive. a) Axial T2-weighted image (T2WI), b) FLAIR image, c) 
coronal T2WI, and d) sagittal T1WI of the brain showing area of brain parenchyma loss (asterisk) in the territory of the right middle 
cerebral artery (MCA) with replacement of the brain parenchyma by CSF indicating old infarction. Note the enlargement of the right 
lateral ventricle (open arrow), the small right hemisphere, and the thick right parietal skull bone (solid arrow), all secondary to the 
extensive brain parenchymal loss early in life. e) MR angiogram of the brain showing normal MCA on the left and very tiny MCA on 
the right (open arrows).
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Figure 1 - Magnetic resonance images of a 28-month-old girl with perinatal stroke. She was born 
full-term via Ventouse delivery. Apgar score was 3 at 5 minutes and she was ventilated for 
one month. Ischemic lesions in the thalamus (solid arrows) and posterior aspect of putamen 
and globus pallidus (open arrows) are seen bilaterally, more on the right. a) T2-weighted 
image, b) FLAIR image.

b
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more common finding of left-sided lesions were also 
reported by others in series of children with perinatal 
stroke.11,12  Similar findings were observed, as well, 
in patients with the hemiplegic type of cerebral 
palsy, which is caused in at least 20-70% of them by 
pre- or perinatal stroke.13-15 Hemispheric differences 
in vulnerability and maturation or the presence 
of vascular asymmetry are thought to explain the 
predominance of left-sided lesions.11,13 However, the 
left hemisphere might be more vulnerable to embolic 
lesions due to hemodynamic differences from a 
patent ductus arteriosus,16 or through the direct route 
involving the left common carotid artery.  Ischemic 
lesions are most often observed in the distribution 
of the left middle cerebral artery (MCA).12 Whereas 
full-term infants tend to have occlusions of its main 
branches,17 cortical or lenticulostriate branches of the 
MCA are usually involved in preterm infants resulting 
in multifocal lesions.18 

Neuroimaging assessment of patients in this 
cohort relied on MRI or CT, or both. When available 
and possible for a sick newborn, T1-weighted and 
T2-weighted MRI with diffusion-weighted imaging 
is the current test of choice for early detection of an 
acute ischemic event.19 However, cranial ultrasound 
is the least sensitive method for detecting cerebral 
infarction. In a study on 12 newborns presenting 
with seizures, 9 (75%) had lesions detectable by CT 
despite normal cranial ultrasound.6 

The presentation of ischemic insult was within the 
first 3 days of life in over half of the cohort. However, 
in 6 children (26%), motor impairment was realized 
at or after the age of 4 months. Delayed presentation 
of perinatal stroke is well-recognized, since motor 
impairment may only be observed after voluntary 
hand use develops at approximately 4-5 months of 
age.13,20,21 In this cohort, 9 children (39%) had seizures 
at presentation, which were not associated with an 
observable motor deficit or localizing signs in 2 of 
them. Seizures commonly herald perinatal stroke.22 In 
one study of infants (born >31 weeks of gestation) 
with neonatal seizures, 12% had underlying cerebral 
infarction.6 However, subtle seizures might be missed 
and a large infarct in subsequent imaging has been 
described following a single episode suggestive of 
neonatal seizure.23

In a large series, neonatal stroke is reported 
in conjunction with cardiac disorders, blood 
abnormalities, infection, or perinatal events, or both. 
However, the cause remains undetermined in as many 
as 25-47% of cases.7,24,25 In the Canadian Stroke 
Registry, 53% of cases had identifiable perinatal and 
neonatal risk factors.24,25 These included complicated 
birth/asphyxia (18%), coagulation disorders (11%), 

cardiac disease (11%), sepsis (10%) and dehydration 
(3%). A large study from the US (National Hospital 
Discharge Survey [NHDS], 1980-1998)26 identified 
infection, cardiac disorders and blood disorders as the 
most common risk factors. Another study,27 reported 
assisted delivery (for example forceps) as a risk factor. 
In a recent retrospective case-control study,9 antenatal 
risk factors significantly associated with stroke were 
pre-eclampsia, intrauterine growth retardation, 
emergency cesarean section, resuscitation at birth 
and 5-min apgar scores less than 7. In another more 
recent case control study, 4 risk factors independently 
associated with perinatal arterial stroke (PAS) included 
history of infertility, pre-eclampsia, prolonged rupture 
of the membrane and chorioamnionitis. The presence 
of multiple risk factors markedly increased the risk of 
PAS. Similar to other studies,21 most of the mothers 
(78%) in the present series gave histories consistent 
with gestational or obstetrical risk factors. However, 
details of the obstetrical records were not available, 
and an overestimation of these risk factors might have 
resulted from recall bias.  

Conversely, birth asphyxia was reported to be 
associated with less than 5% of cases in the NHDS.26 
The incidence of hypoxic ischemic encephalopathies  
was reported to be 5.5 cases per 1000 term babies in 
a case control study in North Western Saudi Arabia.28 
This incidence was significantly lower compared to 
many developing countries, for example 22.5/1000 
live births in India,29 and 26.5/1000 live births in 
Nigeria.30 It was comparable to the reported incidence 
(5.19/1000 term deliveries) from USA31 and slightly 
higher than the incidence of 3.8/1000 term deliveries 
found in Western Australia.32

Coagulation screen detected abnormalities in 
approximately one fourth of patients in this series, 
supporting the notion that coagulopathies in the fetus 
may be important in the etiology of perinatal stroke.26 
Recently, the potential role for inherited and acquired 
thrombophilia as risk factors for perinatal stroke 
has gained considerable attention.1 The incidence of 
prothrombotic abnormalities in perinatal stroke in 3 
large case series and one case-control study ranged 
between 8-68%.7,21,33,34 However, different sets of 
prothrombotic abnormalities were assessed in each 
of these studies and the variables examined ranged 
from one (factor V Leiden mutation, FVL)7 to 9 in 
number.21 In contrast, several case reports and recent 
studies reported an association of hemiplegic cerebral 
palsy with children who had activated protein C 
(APC) resistance, or were heterozygous for factor 
FVL, or both.35-39 Antenatal and perinatal adverse 
factors are common in children with neonatal stroke, 
although their role in the causation of the ischemic 
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insult is still not well-understood. Maternal factors 
suggesting autoimmunity or hypercoagulability may 
also be responsible. Relative hypercoagulability is 
known to occur during pregnancy. Protein S and APC 
ratios are decreased whereas thrombin generation, 
protein C, and fibrinogen levels are increased.38 
Nelson and associates39 found elevated titers (>1:100) 
of antiphospholipid antibodies in 4 of 31 children 
with cerebral palsy and in none out of 65 controls. In 
another study,21 12 of 17 (71%) tested patients with 
presumed pre- or perinatal stroke had ACA present 
on at least one screen. A third study40 reported that 
ACA was associated with a six-fold risk of stroke in 
children. In the present study, low protein C was the 
most commonly detected abnormality (4 of 6 patients 
with coagulation abnormalities), whereas only one 
child had a positive test for ACA. It is noteworthy that 
in the case-control study of Gunther et al,34 at least one 
potential prothrombotic abnormality was found in 62 
of 91 (68%) patients compared with 44 of 182 control 
subjects (24%). These included FVL (19%), protein 
C deficiency (6.6%) and ACA (3.3%). Increased 
levels of lipoprotein a (LPa) was also a significant 
associated thrombophilic defect. However, in 54% 
of cases, other additional risk factors were operating 
including maternal diabetes, renal vein thrombosis, 
asphyxia, and septicemia. Heterozygosity for FVL, 
as well as LPa, was not explored in our study.

In conclusion, the present study highlights the 
role of perinatal stroke in the causation of congenital 
spastic hemiplegia in Saudi children, as well as the 
non-specific features by which it presents during the 
neonatal period. The data are also in keeping with a 
likely role for inherited and acquired thrombophilia. 
However, the high prevalence of additional acquired 
antenatal and perinatal risk factors supports the 
likelihood that this condition is a multifactorial 
disorder with several potentially preventable risk 
factors.
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