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Abstract 

Aim: Perinatal arterial ischemic stroke (PAIS) is the one of the frequent causes of morbidity and neurologic disability, such as unilateral 

cerebral palsy (UCP), epilepsy and neurodevelopmental deficiencies. The aim of this study is to determine the clinical characteristics, 

risk factors and long term outcomes of PAIS patients. 

Methods: This retrospective cohort study was conducted with 49 PAIS patients who were followed up in the Pediatric Neurology 

Department between January 2009 and September 2015. Clinical data including demographic features, gestational history, age at 

diagnosis, initial clinical presentation, brain MRI features, perinatal risk factors and long-term outcome were collected from patient files. 

Results: The study group comprised 30 females and 19 males with a mean age of 6.3 (4.5) years. Twin pregnancy (6.1%), intrauterine 

growth retardation (IUGR) (8.2%), peripartum asphyxia (8.2%) and presentation abnormality (6.1%) were the most common maternal / 

neonatal risk factors. The most common prothrombotic risk factors were MTHFR mutations (42.85%), followed by FVL mutations 

(16.32%). The epilepsy rate was 73.3%, 6.4% of which had refractory epilepsy. All patients had UCP. 

Conclusions: Risk factors and their roles in development of PAIS have not been fully established. According to this study, most of the 

PAIS patients have at least one or more maternal, neonatal or prothrombotic risk factors, and all patients have motor and cognitive 

impairment related with PAIS. Multi-center prospective studies with more cases are needed to fully enlighten the causes of this disease 

and to develop preventive measures.  

Keywords: Perinatal, Neonatal, Ischemic, Stroke, Epilepsy 

 

Öz 

Amaç: Perinatal arteriyel iskemik strok (PAIS), unilateral serebral palsi (UCP), epilepsi ve nörogelişimsel bozukluklar gibi morbidite ve 

nörolojik hastalığın sık nedenlerinden biridir. Bu çalışmanın amacı, PAIS hastalarının klinik özelliklerini, risk faktörlerini ve uzun 

vadeli sonuçlarını belirlemektir. 

Yöntemler: Bu retrospektif kohort çalışma, Ocak 2009-Eylül 2015 tarihleri arasında Çocuk Nörolojisi Bölümünde takip edilen 49 PAIS 

hastası ile yapılmıştır. Demografik özellikler, gebelik öyküsü, tanı yaşı, ilk klinik bulgu, beyin MRG bulguları, perinatal risk faktörlerini 

ve uzun vadeli sonuçları hasta dosyalarından toplandı. 

Bulgular: Çalışma grubu yaş ortalaması 6,3 (4,5) yıl olan, 30 kadın ve 19 erkekten oluşmuştur. İkiz gebelik (%6,1), intrauterin büyüme 

geriliği (IUGR) (%8,2), perpartum asfiksi (%8,2) ve prezentasyon anormallikleri (%6,1) en sık görülen maternal / neonatal risk 

faktörleri idi. En yaygın protrombotik risk faktörleri ise MTHFR mutasyonları (%42,85) ve FVL mutasyonlarıydı (%16,32). 

Hastalardaki epilepsi oranı %73,3 olarak saptandı ve bu hastaların % 6,4'ünde dirençli epilepsi vardı. Tüm hastalar unilateral serebral 

palsi tanısı ile izleniyordu. 

Sonuç: PAIS risk faktörleri ve bu risk faktörlerinin PAIS gelişimindeki rolleri tam olarak belirlenmemiştir. Bu çalışmaya göre, PAIS 

hastalarının çoğunda en az bir veya daha fazla maternal, neonatal veya protrombotik risk faktörü bulunmaktadır. Ve tüm hastalarda 

PAIS ile ilgili motor ve bilişsel bozukluk vardır. Bu hastalığın nedenlerini tam olarak aydınlatmak ve önleyici tedbirler geliştirebilmek 

için daha fazla vaka içeren çok merkezli prospektif çalışmalara ihtiyaç vardır. 

Anahtar kelimeler: Perinatal, Yenidoğan, İskemik, İnme, Epilepsi 
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Introduction 

Perinatal arterial ischemic stroke (PAIS) is an important 

cause of chronic neurological morbidity such as cerebral palsy 

(CP), epilepsy, cognitive dysfunction, language and behavioral 

problems [1]. PAIS occurs in an estimated 1:2300-4000 term 

births [1,2]. PAIS may cause no symptoms or subtle or 

nonspecific symptoms, therefore the age of diagnosis of PAIS 

varies. It is divided into 3 groups according to the age of 

diagnosis. Fetal stroke is diagnosed before birth by fetal imaging 

methods or in stillbirths on the basis of neuropathological 

examination, neonatal stroke is diagnosed after birth and on or 

before the 28th postnatal day, presumed perinatal stroke is 

diagnosed in infants >28 days of age but in whom the event is 

presumed to have taken place between the 20th week of gestation 

and the 28th postnatal day [3,4]. In the newborn period, PAIS 

mostly presents with seizures. There may also be signs and 

symptoms of neonatal encephalopathy such as lethargy, 

hypotonia, feeding difficulties, or apnea. Presumed PAIS is 

diagnosed when children present with a focal hand weakness (or 

early handedness), seizures or global developmental delay [3,5]. 

The etiology of PAIS remains unclear. Various maternal 

and neonatal risk factors have been identified in previous studies 

such as preeclampsia, maternal fever, small for gestational age, 

oligohydramnios, birth asphyxia, hypoglycemia, 

chorioamnionitis, twin pregnancy, congenital heart diseases, low 

Apgar score and peripartum asphyxia [5-7]. Genetic disorders 

may play a role in the pathogenesis of PAIS. Prothrombotic risk 

factors including MTHFR and factor V Leiden mutation, 

elevated lipoprotein (a), prothrombin gene mutation, and protein 

C deficiencies can be associated with PAIS [8,9]. 

This study focuses on neonatal and presumed perinatal 

arterial ischemic stroke. The aim of this study was to identify 

risk factors, clinical presentations, and neurodevelopmental 

outcomes of PAIS.  

Materials and methods 

This study was performed retrospectively on 49 

perinatal arterial ischemic stroke patients who were diagnosed 

and followed at Eskisehir Osmangazi University Hospital, 

Department of Pediatric Neurology between January 2009, and 

September 2015. The principles of the Declaration of Helsinki 

were abided. Written informed consent was obtained from each 

of the parents and/or legal representatives before the patient’s 

inclusion in the study. 

This study included neonatal and presumed PAIS 

patients. The diagnoses of neonatal and presumed PS were based 

on clinical features, neurological examinations, and cranial 

magnetic resonance imaging (MRI) findings. Inclusion criteria 

were term birth, PS confirmed with neuroimaging (magnetic 

resonance imaging (MRI)) and a follow-up of more than 12 

months. Exclusion criteria included cortical dysplasia, congenital 

cerebral anomaly, brain tumor, sequela of hypoxic ischemic 

encephalopathy, central nerve system infection, cerebrovascular 

disorders, or trauma. 

The patients’ following data were obtained by 

evaluating hospital files retrospectively using a standard form: 

Consanguineous marriage, number of pregnancies, age of 

pregnancy, detailed prenatal and natal history, perinatal stroke 

types, age of first symptoms, age at the time of diagnosis, 

maternal-fetal risk factors, neuroimaging findings and clinical 

features. 

Among the laboratory data, the following thrombophilic 

screening tests were obtained from the patient files 

retrospectively: Protein C and S, antithrombin III (ATIII), 

lipoprotein (a), homocysteine, factor VIII levels, anticardiolipin 

antibodies and lupus anticoagulant, methylenetetrahydrofolate 

reductase (MTHFR) mutations (C677T and/or A1298C), factor 

V Leiden mutation(FVL) and prothrombin G20210A mutation. 

 Cranial MRI examinations were performed on 

admission at 1.5 Tesla at different institutions using T1- and T2- 

weighted spin-echo, and inversion recovery sequences in the 

axial, sagittal and coronal planes. 

Results 

A total of 49 patients were enrolled in the study (61.2% 

females, 38.8% males). The mean age of the patients was 6.36 

(4.5) years, with a range of 1-17 years. Thirty-two patients 

(65.3%) were presumed to have perinatal stroke, and 17 patients 

(34.7%) were diagnosed with neonatal perinatal stroke. Thirty-

three (67.3%) patients had right, and 16 (32.7%) patients had left 

hemiplegia. The average duration of follow-up was 4.2 years 

(range: 1–15 years).  

Consanguineous marriage was present in 18.4% of 

parents. About 10.2% of the pregnant women were under 20 

years of age, 12.2% were over 35 years of age and 40.8% had the 

first pregnancy. Among all, 63.3% patients were born with 

spontaneous vaginal delivery and 37.7% with caesarian section. 

One mother (2%) had chronic hypertension and one had multiple 

sclerosis (2%). Twin pregnancy was present in 6.1% of patients 

and 41.5% were the first pregnancy. Other maternal/fetal risk 

factors were as follows: Intrauterine growth retardation (IUGR) 

(8.2%), gestational diabetes, peripartum asphyxia (8.2%), 

presentation abnormality (6.1%), preeclampsia (4.1%), abnormal 

vaginal bleeding (4.1%), fetal heart rate abnormality (4.1%), and 

emergency cesarean delivery (4.1%). Prothrombotic risk factors 

were detected in 73.5% of the patients. The most common 

prothrombotic risk factors were MTHFR mutations (42.85%), 

followed by FVL mutations (16.32%). Co-existence of MTHFR 

and FVL mutations were detected in 8.2% of patients and 26.5% 

of patients had no prothrombotic risk factors (Table 1).  
 

Table 1: Prothrombotic risk factors of patients 
 

Prothrombotic risk factors n % 

MTHFR mutation  

 C677T 

 A1298C 

 C677T+A1298C 

 C677T+FVL 

 

7 

8 

2 

4 

42.85 

FVL mutation 

FVL+MTHFR(C677T) 

4 

4 

16.32 

Elevated Lp(a) 4 8.16 

Prothrombin G20210A mutation 2 4.08 

PC deficiency 1 2.04 
 

All patients’ echocardiography results were normal. 

None had family histories of cerebrovascular disorders and 

stroke recurrence was not observed in any of the patients. 

Patients had different presentations before receiving the 

diagnosis of PAIS. Around 59.1% presented with early 

handedness, 22.4% with seizures, 10.2% with hypotonia, 6.1% 

with apnea, 29.4% with hypotonia, and 2.2% with 
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encephalopathy. The epilepsy rate among patients was 73.3%, 

6.4% of which had refractory epilepsy. All patients had different 

impairments in motor or cognitive functions. All the patients had 

unilateral cerebral palsy (UCP). Speech problems were present 

34.2% of patients and 21.2% had behavioral problems. 

On brain MRI investigations, 67.3% of patients had 

chronic encephalomalacia at frontotemporoparietal region 

supplied by the left middle cerebral artery, and 32.7% had 

chronic encephalomalacia at frontotemporoparietal region 

supplied by the right middle cerebral artery. Among all, 14.3% 

had cortical lesions. 

Discussion 

Perinatal arterial ischemic stroke is the most frequent 

type of pediatric stroke. It has been increasingly recognized with 

the availability and safe use of MRI in newborns in recent years. 

However, the etiopathogenesis of PAIS is not yet clear. PAIS has 

an extremely low recurrence rate, which suggests that pregnancy 

and perinatal state may have important roles in pathophysiology 

[10,11]. The majority of PAIS is most likely caused by 

thromboembolism passing from the placenta through the patent 

neonatal foramen ovale [12,13]. The left middle cerebral artery 

(MCA) is the most common vessel involved, with the left 

cerebral hemisphere being the most common region affected 

[14,15]. The emboli may pass through a patent foramen ovale or 

patent ductus arteriosus directly into the left common carotid 

artery and then to the left MCA [15]. Chorioamnionitis, 

congenital heart disease, twin pregnancy, bacterial meningitis, 

traumatic birth injury and peripartum asphyxia are the other main 

causes and risk factors of PAIS [6,12,15]. In accordance with the 

literature, peripartum asphyxia and twin pregnancy were the 

most common risk factors in our study. 

Prothrombotic risk factors may be important causes of 

PAIS, and they were reported at different rates in previous 

studies. Kocaman et al. [8] stated that at least one of 

thrombophilia risk factors was present in 69% of the cases. 

Another study reported that thromboembolic risk factors were 

found in 68% of PAIS patients, compared with 24% of normal 

controls [17]. Curry et al. [18] found MTHFR mutations in 68% 

of PAIS patients. Kocaman et al. [8] reported that MTHFR 

mutation was the most frequent thrombophilic factor (57%), 

which was followed by FVL mutation (20%), like our study. In 

this study, 73.5% of patients had at least one of the 

prothrombotic risk factors.  

PAIS may cause no or nonspecific symptoms, which 

may result in diagnostic delay. In the neonatal period, PAIS may 

present with focal and systemic symptoms including seizures, 

apnea, hypotonia, encephalopathy, feeding difficulties, fever, and 

irritability [19,20,21]. A delayed presentation after the age of 2 

months was observed in 40% to 65% of PAIS in previous studies 

[19,21,22]. Presumed PAIS patients are generally referred to the 

pediatric neurology department because of handedness, seizure 

or neurodevelopmental delay. In this study, 50.9% of presumed 

PAIS patients presented with early handedness, 18.1% with 

seizure and 30% with neurodevelopmental delay. 

PAIS is the one of the frequent causes of morbidity. 

Almost all PAIS patients present with UCP [23]. Children with 

PAIS who have cortical involvement carry a higher risk for 

epilepsy, cognitive impairment and learning disabilities [5,24]. 

Frequency of epilepsy is highly variable, ranging from 24.6% to 

54%, among children with PAIS [24-27]. In this study, all 

patients presented with UCP and 73.3% had epilepsy, among 

which 6.4% had refractory epilepsy and all had cortical lesions 

on brain MRI. Speech problems were present 34.2% of patients 

and 21.2% had behavioral problems. 

Limitation 

The main limitation of this study is its retrospective 

nature. Additionally, there was no healthy control group in this 

study. To understand the role of prothrombotic risk factors in 

stroke mechanism, it would be more meaningful to compare the 

frequency of prothrombotic risk factors in PAIS patients with the 

healthy population. 

Conclusion 

PAIS is an important cause of neurologic and cognitive 

dysfunctions. However, the pathophysiology and causes of PAIS 

are not fully established. We determined that prothrombotic and 

maternal risk factors are important in the development of PAIS, 

in accordance with the literature. Risk factors’ interdependence 

and role in the causal pathway of PAIS are still poorly 

understood. Multicenter prospective studies involving control 

groups are needed to determine the role of risk factors in the 

pathophysiology of PAIS. 
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