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Purpose: Stroke is a leading cause of severe long-term disability and death worldwide. This study aimed to determine the genetic
background, causative factors, and diagnostic and outcome measures of pediatric stroke in an area endemic to sickle cell disease
(SCD).

Patients and Methods: This retrospective review analyzed pediatric patients with acute stroke who were admitted to King Fahd
Hospital of the University, Eastern Province, Saudi Arabia, between January and June 2019. We assessed 49 cases based on computed
tomography (CT) and magnetic resonance imaging (MRI) findings. Patients with incomplete records or unavailable radiological
images were excluded.

Results: A high likelihood of familial coexistence of stroke was detected in patients with affected siblings (33%). Among various
central nervous system manifestations, motor weakness (28.6%) and headache (20.4%) were the most common symptoms/signs.
Hypoxic-ischemic encephalopathy (HIE) (28.6%), SCD (22.5%), and moyamoya disease (14.3%) were the most prevalent underlying
etiologies. CT without intravenous contrast was the most used initial imaging technique (92.5%). An arterial blockage was more
prevalent (53.4%) than a venous infarct (46.6%) (p = 0.041), while arterial ischemic stroke was more prevalent (56.5%) than
hemorrhagic stroke (43.5%). The middle cerebral artery (MCA) was most affected (63.5%), followed by the anterior cerebral artery
(22.7%) and posterior cerebral artery (13.6%). Most patients were managed with medical treatment (86.1%). No mortalities occurred
during the initial hospital stay. The mean length of hospital stay was 12 days.

Conclusion: HIE was the most prevalent etiology of pediatric stroke. Motor weakness and headache were the most common initial
manifestations. Arterial ischemic stroke was more prevalent than venous or hemorrhagic stroke. Considering the rarity of pediatric
stroke, future studies should be performed with a aborative effort nationally and internationally.
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Plain Language Summary

Children and young adult patients with stroke survive longer than older patients with stroke. To maximize their life spans, clinicians
must optimize their management and identify remediable barriers to long-term functional independence. Herein, we review the
epidemiology and risk factors for stroke in pediatric patients and outline consensus-based practices in its evaluation and management.
Moreover, we discuss the outcomes observed in the SCD-prevalent population. Although many uncertainties persist, the ongoing
development of specialized centers and the dedication of pediatric stroke investigators will improve care for these patients.

Introduction
Stroke is relatively rare in children; however, it is a possible cause of morbidity and mortality. Children with stroke often have
unique risk factors that predict their outcomes.' Despite the increased incidence of pediatric stroke, its diagnosis is often
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delayed, and many cases are under or misdiagnosed. Acute arterial ischemic stroke (AIS) accounts for half of all strokes in
children as opposed to 80-85% in adults.! More than half of the pediatric survivors have a long-term neurological impairment,
and 10-20% suffer recurrent strokes.” Estimated average costs for acute hospital care are US$20,972 per child, and a 5-year
direct cost is US$130,000 per patient in the US; these costs place significant financial burdens on families, communities, and
the health system.”

In addition, children have multiple risk factors for stroke, such as congenital heart disease, sickle cell disease (SCD),
and leukemia, that significantly differ from those in adults, including hypertension, diabetes, and atherosclerosis.”> The
combined prevalence of ischemic and hemorrhagic stroke in the pediatric Saudi population is 1.2—-13 cases per 100,000
children aged <18 years. Stroke is more common among boys than among girls and more common among black children
than those of other races.’ Based on the International Pediatric Stroke Study (IPSS), 94% of young patients with stroke
have at least one risk factor.* An estimated 10-25% of children with stroke will die. Moreover, up to 25% of children
with stroke will have a recurrence, while up to 66% will have persistent neurological deficits or manifest subsequent
convulsive disorders or developmental delay.” The IPSS broadly defines arterial stroke etiologies using six congenital
cardiac disease categories, which account for up to one-third of all stroke cases;® other causes include hematologic
disease, arteriopathy, moyamoya disease, infection, metabolic syndromes, and drugs.®

Non-contrast brain computed tomography (CT) is sensitive to acute ischemia or bleeding and is used in an emergency
to exclude stroke. Magnetic resonance venography (MRV) can identify hemorrhagic stroke, and 10% of hemorrhages in
children are due to cerebral venous sinus thrombosis (CVST)." The use of magnetic resonance arteriography (MRA) and
MRYV is paramount in confirming vessel patency and defining the basic vascular anatomy.' Catheter-directed angiogra-
phy, which can provide better resolution and more precise images of the vascular network, is superior to MRA and CT
angiography (CTA) for the visualization of tertiary branches and small cerebral arteries and can be performed in
combination with percutaneous endovascular management.'

Overall, only a few studies have examined the management of pediatric stroke.' The thrombolytic therapy guidelines
for children with AIS published by the American Heart Association (AHA) Stroke Council suggest that tissue
plasminogen activator (tPA) should be considered in selected children with CVST, but they do not make further
recommendations about the feasibility of applying adult guidelines to adolescents meeting adult eligibility criteria.”
However, based on availability and unanimity statements, such generalizations and recommendations can still be made.'
Notably, more aggressive interventions are warranted in children because the absence of brain atrophy might aggravate
the effect of expanding hematoma in terms of the enhanced space-occupying lesion effect.’

Moreover, neurological deficits in children can be subtle, and parents might delay the search for care.® The median
time between symptom onset and the diagnosis of AIS exceeds 20 h.” Thus, it is important to evaluate the age of onset of
pediatric stroke and identify its correlation with clinical and diagnostic measures. We aimed to determine the demo-
graphic factors, frequency, cause, diagnostic measures, available therapies, and outcome predictors of pediatric stroke in
an SCD-prevalent area.

Materials and Methods

Study Setting

This study was conducted at King Fahd Hospital of the University (KFHU), a tertiary-care 650-bed university teaching
hospital located in the Eastern Province of Saudi Arabia. This teaching hospital is accredited by the Joint Commission
International and the Saudi Central Board for Accreditation of Healthcare Institutions.

Study Design and Participants

We used the keyword “stroke” of the International Classification of Diseases-10 coding system to obtain charts of interest
from the electronic medical files. A review of the radiology database was performed to filter the data. Our sample size
was determined from the beginning based on G*Power version 3.1.9.7. software to ensure sufficient statistical power. We
included all pediatric patients aged <14 years who were admitted in the last 3 years. Moreover, our chart review included
all brain imaging analyses of these pediatric patients. We excluded patients with incomplete records or unavailable
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radiological data. For a better outcome assessment, patients who were transferred to other centers were also excluded. We
eventually examined the data of 49 pediatric patients diagnosed clinically and confirmed the occurrence of stroke
radiologically for patients whose brain imaging was performed between June 2019 and June 2021.

Imaging Studies

Image Acquisition

Brain MRI for each patient was performed on a 3T whole-body system (Magnetom Skyra; Siemens Medical Solutions,
Erlangen, Germany) with a 20-channel phased-array head coil. Brain CT imaging was acquired using a 128-slice dual-
source CT system (Somatom Definition FLASH, Siemens Healthcare, Forchheim, Germany) with a 64-channel multi-
detector CT scanner.

Image Interpretations

Two certified diagnostic radiologists (AS and FS) reviewed MR and CT images, and four neuroradiology consultants
(HA, SS, SJ, and AA) reviewed the data by sampling the cases to check the consistency of the findings with subsequent
agreement on all the results. Cronbach’s alpha coefficient was 0.949, indicating adequate reliability. The kappa test was
conducted to evaluate the obtained agreement significance (> 80%).

Statistical Analysis

Statistical analyses were conducted using IBM SPSS version 22.0 (IBM SPSS, Armonk, NY, US). Univariate logistic
regression analyses were used to identify possible correlations between different groups. The one-way analysis of
variance was used to identify significant differences among independent means, and the paired #-test was used to
compare dependent means. Bonferroni adjustments were applied to multiple logistic regression analyses using backward
elimination to analyze potential predictors of unfavorable outcomes based on the Pediatric Stroke Outcome Measure
(PSOM) of neurological impairment after stroke.'” The patients in the study contributed one or more data points
(individual stroke events). The stepwise elimination process included variables with a significance level. The mean +
standard deviations were obtained, and a p-value < 0.05 was considered statistically significant.

Ethical Statement
The Imam Abdulrahman Bin Faisal University Institutional Review Board granted approval for the study to be conducted
at King Fahd Hospital of the University (IRB-2019-01-366).

Results
Demographic Analysis

We reviewed 49 confirmed cases of pediatric-onset stroke. The mean age of onset was 7.0 = 5.31 years, with
a predominance of boys (21 [52.5%]) over girls (19 [47.5%]). The average height was 92 + 46.2 cm, while the average
weight was 21.5 + 15.9 kg. Most patients were Saudis (75.5%) (Table 1).

Table 1 Initial Vital Signs Analysis of Pediatric Stroke Patients During

Admission

Vital Signs Mean +SD
Heart rate (bpm) 102.55 21.9

Systolic blood pressure (mmHg) 125.56 19.73
Diastolic blood pressure (mmHg) 77.01 12.77
Respiratory rate (per min) 26.96 13.1

Temperature (°C) 38.35 7.0
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Role of Inheritance

No family history of stroke was documented in 54% of the charts. However, the likelihood of familial coexistence of
strokes was seen more frequently in patients with affected siblings (33%) than those with affected mothers or fathers (9%
and 4%, respectively). Additionally, parental consanguinity was a less frequently observed factor (9.09%).

Etiology
Hypoxic-ischemic encephalopathy (HIE, 28.6%) was the most prevalent etiology, followed by SCD (22.5%) and
moyamoya disease (14.3%). Of note, thromboembolic episodes caused only (10%) of cases. (Figure 1).

Symptomatology
Among various central nervous system manifestations, motor weakness (28.6%) and headache (20.4%) were the most
common symptoms/signs. The average motor weakness score was grade 3 = 1 for all evaluated patients. Statistical results

for other potential predictive factors are summarized in (Table 2).

Neuroimaging

CT without intravenous contrast was the most used initial imaging technique (92.5%), followed by MRI with intravenous
contrast (43.6%). Most MRI scans were performed with a diffusion-weighted sequence (92%) (Figure 2). Infarcted
vasculature had more arterial blockages than venous infarcts (53.4% vs 46.6%, respectively; p = 0.041). Moreover,
ischemic stroke was a more prevalent type (56.5%) than hemorrhagic stroke (43.5%) (Figures 3 and 4; Table 3).

Idiopathicl 2.04%
disease
Slcl.de cell 20.45%
disease
Vascular
malformation
Vasculitis 2.04%
Metabolic 2.04%
encephalopathy
Coagulopathy . 6.12%
Embolism 10.20%
Other causes - 22.45%

HIE 28.57%

0%  10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure | Percentage of different etiologies of stroke among pediatric patients in the study population. (Other etiologies ie, drugs; toxins.).

532 https: Vascular Health and Risk Management 2022:18

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Al-Sharydah et al

Table 2 Odds Ratios and 95% Confidence Intervals of Independent Variables for the Occurrence of Stroke Among Pediatric Patients

Predictors OR* (95% CI") | P value
Patient Age (mean 7 + 5.31 years) - 0.059
Male sex (N = 21 [52.5%]) 1.4 (0.92-1.57) | 0.053
Female sex (N = 19 [47.5%]) 2.3 (0.72-2.84)

Body mass index (kg/cm?) 1.96 (0.23-0.32) | 0.156
Parental history of stroke 3.8 (2.79-5.29) 0.864
Parental consanguinity marriage 6.1 (4.79-6.94) 0.975
Maternal causes (ie, preeclampsia, pregnancy-induced diabetes mellitus, and placental abnormalities ... etc.). 2.4 (2.32-3.44) 0.321
Perinatal causes (ie, complicated delivery, asphyxia, and fetomaternal transfusion ... etc.). 4.0 (3.13-5.71) 0.654
Neonatal causes (ie, sepsis, meningitis, congenital heart diseases, polycythemia ... etc.). 2.2 (4.66-6.30) 0.864
Others include hematologic disease, arteriopathy, moyamoya disease, infection, metabolic syndromes, and drugs | 1.9 (4.60-7.30) 0.664

Notes: *Odds ratio, estimated as the odds of patients who were encountered to the predictor to patients who had the disease; 95% Cl, 95% confidence interval.

Stroke Topography

There was a slight predilection for strokes to occur on the left side over the right side (43 [36.8%] vs 39 [33.3%],
respectively). The frontal lobe was the most affected (38 [32.5%]), followed by the temporal lobe (25 [21.4%)]).
Regarding the affected regions, the supratentorial hemisphere (52.1%) and basal ganglia (31.4%) were the most affected
regions, with no substantial differences between these two regions (p > 0.05). Additionally, the middle cerebral artery
(MCA) was the most affected (63.5%), while the anterior cerebral artery (22.7%) and posterior cerebral artery (13.6%)
were less frequently involved. Most stroke events exhibited solitary lesions (103 [88.0%]), but multicenter/multifocal
lesions were also observed (14 [12.0%]) (Figures 3 and 5-6; Table 3).

Treatment and Outcomes

Ultimately, in most cases (86.1%), medical management was the primary treatment plan, but a few patients underwent
endovascular or surgical interventions (11.11%). No mortalities were registered during the hospital stay. The average
duration of hospitalization was 12 days. Male patients, those who were younger, and those with a prolonged interval
between the development of symptoms and presentation to the hospital had poorer outcomes with a higher total PSOM
score. These patients strongly correlated with poorer social wellbeing, including impairments in cognitive ability,
adaptive behavior, and social participation.

Discussion

Strokes are more common in adults but also occur in the pediatric population, and they are considered medical
emergencies that require prompt diagnosis and treatment to maximize favorable outcomes. Unfortunately, most treatment
strategies for pediatric stroke have been adapted from adult guidelines, and no optimal treatment has been ascertained for
pediatric stroke patients. This study extensively reviewed cases of pediatric stroke and the most recent treatment
recommendations.

Risk factors associated with neonatal stroke, including biological or environmental factors relating to the mother,
pregnancy, delivery, or neonatal comorbidities, may account for high and variable rates of AIS (Table 2).'"'? The
etiologies of childhood and adolescent stroke are diverse and include, but are not limited to, cardiac causes, arteriopathies
(intracranial or extracranial), vasculitis and autoimmune disorders (eg, systemic lupus erythematosus), hematologic
disorders (eg, SCD), and traumatic injury.'>'? Contrary to our expectations, parental history of stroke or consanguinity
did not significantly contribute to the incidence of strokes in our study.
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Figure 2 (A) Properties of signal intensity with early onset of stroke. (High: high signal intensity; iso: iso signal intensity; low: low signal intensity) (B) properties of signal
characters with early onset of stroke: blooming on T2* (ie, Gradient ECHO); diffusion restriction (ie, DWI/ADC map); vascular abnormality/ enhancement.

The risk factors for pediatric stroke are likewise diverse. Stroke seems to be a common presentation in patients with
moyamoya disease (Figures 4-6). In young children, symptoms that suggest a compromise of the posterior cerebral
vasculature appear to be an important risk factor for high stroke burdens and unfavorable outcomes.'* Infants under the age
of 2 months and boys from disadvantaged socioeconomic backgrounds have a much higher risk of stroke. Hemorrhagic stroke
has a much higher death rate than ischemic stroke. Over half of children with stroke have underlying diseases, and the risk
factors for hemorrhagic stroke differ significantly from those for ischemic stroke.'> Notably, thromboembolic disorders were
not noted in this study as contributing factors among the patients who met our selection criteria.
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Figure 3 Representative case of a 7-year-old boy referred with a suspected stroke. (A) Left frontoparietal cytotoxic edema (asterisk), which shows effacement of cortical
sulci, represents acute ischemic stroke. (B) Left middle frontal gyrus old ischemic changes (asterisk), that shows mild ex vacuo dilatation, also known as compensatory

enlargement of the lateral ventricle. No hemorrhagic transformation.

Figure 4 Representative case of an | |-year-old girl referred with seizures. (A) Confluent T2/FLAIR hyperintense seen at the deep white matter region in the left Corona
radiate (ie, internal watershed zone, asterisk), with no evidence of diffusion restriction on (B) DWI and (C) ADC map represents remote ischemic changes. There is volume
loss involving the left cerebral hemisphere in the form of widening of extra-axial CSF (A-C). MR angiogram time-of-flight (TOF) (D), post contrast threedimensional (3D)
MR study (E) and 3D MR angiogram (F) show significantly reduced flow of left ICA with no flow seen at the proximal left MCA (arrows), associated with vascular collaterals

within the basal cistern (F, asterisk).
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Table 3 Associated Radiological Features
Complicating the Occurrence of Stroke Among
Pediatric Patients

Complication Percentage (%)
Hemorrhage 16.7

Midline shift 2.8
Hydrocephalus 28

Herniation 28

Eloquent regions 333

In the present study, we found that CT was the favorable initial imaging modality. However, a pediatric stroke
specialist survey-based study by Harrar et al'® in the United States and Canada revealed that most institutions preferred
MRI over CT and used abbreviated MRI protocols for pediatric acute stroke imaging. A neuroimaging-based core-
penumbra approach must recognize the incapability of children under mechanical circulatory support to endure MRL"
The cerebral perfusion thresholds of the ischemic core and penumbra in adults may not be implemented in pediatric
patients due to differences in cerebrovascular circulation.'’

Arterial wall imaging (AW]) is a non-invasive, high-resolution MR technique and can be successfully used in children
with stroke. Patterns of AWI enhancement are recognizable and associated with specific AIS pathogeneses.'® In this
study, we found that strong vessel wall enhancement in acute childhood AIS was associated with progressive arterio-
pathy. Further studies are needed to evaluate the additional diagnostic usefulness of AWI compared to that of routine
vascular imaging techniques in infant AIS."

Among pediatric stroke patients in the SCD-prevalent area, the solitary supratentorial frontal lobe was the most
frequent region of stroke, and the MCA was usually involved. A recent national study from Saudi Arabia showed that
hemorrhagic stroke had better functional outcomes than AIS.*

Acute ischemic stroke could be managed by mechanical thrombectomy due to large vessel occlusion (internal carotid
artery [ICA] terminus, M1, basilar artery) in patients aged 1-18 years (Level C evidence; Class IIb recommendation).?!

Figure 5 Representative case of an 8-year-old girl referred with paralysis. Coronal CTA images (A and B) show diffuse subarachnoid hemorrhage (arrow, B) and occlusion
of left internal carotid artery at the carotid terminus and absent flow in left MCA (arrow, A). Attributed to basilar tip shallow aneurysm (B).

536 https: Vascular Health and Risk Management 2022:18

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Al-Sharydah et al

Figure 6 Representative case of an 8-year-old girl referred with paralysis (same patient as in Figure 5). Catheter based cerebral angiogram (A and B) shows stigmata of
moyamoya disease in the form of prominent primary and secondary collaterals (asterisks). No flow was detected along the left ICA angiogram which revealed occlusion at
the carotid terminus (not shown). (C) However, there is cross flow from the left posterior communicating artery (primary collaterals) which supply part of MCA (arrow).
(D) AP view of left vertebral artery angiogram showed basilar tip and P| segment of left posterior cerebral artery wide neck and shallow ruptured aneurysm (asterisk). (E)
This was treated successfully by exclusion of aneurysmal sac using a flow diverting stent (arrow).

Mechanical recanalization has lower complication rates and better long-term neurologic outcomes than mechanical
thrombectomy. However, the content of the existing database is likely affected by multiple selection bias.*' The
feasibility of endovascular thrombectomy in pediatric patients with ischemic stroke and large vessel occlusion has
been demonstrated by The Save Childs study with the largest retrospective, multicenter cohort.”! A multinational study is
recommended to confirm the present findings.*

To date, no studies have reported prospective data on the use of intra-arterial thrombolysis in managing stroke in
children, and randomized controlled trials are impracticable in such a small patient population.”* Owing to the lack of
clinical evidence, the AHA has no level I recommendations for pediatric acute stroke care.”> However, it recommends
conservative management (eg, control of fever and maintenance of good oxygenation, blood pressure, and glucose levels)
with guidelines on antiplatelet or anticoagulation therapy.”** In our cohort, medical management was the option used in
most cases.

Level Il recommendations for IV tPA are available for selected children with stroke secondary to CVST; however, to date,
there are no official AHA recommendations for endovascular therapy in children with AIS.”** Surgical bypass techniques,
including direct superficial temporal artery-to-MCA bypass, indirect anastomosis encephalo-duro-arterio-syn-angiosis and
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encephalo-duro-arterio-myo-syn-angiosis, and combined direct/indirect procedures, have been recommended as effective
revascularization options for moyamoya disease.”* A recent meta-analysis of 29 studies by Ravindran et al** showed similar
efficacy of combined/direct revascularization and indirect revascularization for pediatric moyamoya disease with comparable
long-term clinical and angiographic outcomes.

Cobb et al** performed a retrospective case review of endovascular management of pediatric AIS and found that the
mechanical thrombectomy option showed better clinical and radiographic outcomes in AIS with fewer complications
than did the fibrinolytic option. Notably, current treatment options in young stroke patients have focused on either
removing or preventing acute thrombus, which perhaps does not play a role in the etiology of stroke (Figure 6).*

A recent retrospective analysis showed in-hospital mortality of 2.6% in pediatric AIS cases,”” and the Global Disease
Burden Study?” reported higher mortality among boys with AIS. Interestingly, a recently published study with the largest
pediatric AIS cohort revealed that larger infarct volume and younger age at the time of stroke are associated with poorer
outcomes.”® Consistently, our study showed that male sex, younger age, and a prolonged interval between the develop-
ment of symptoms and presentation to the hospital could predict poorer outcomes with higher total PSOM scores and
were strongly correlated with lower social wellbeing, including lesser cognitive ability, reduced coping behavior, and less
social involvement.

Our study has some limitations. Despite the gaps in the literature bridged by this study, further research in an
international context is needed to confirm the present findings. Several uncertainties persist in our current knowledge of
pediatric strokes. The ongoing development of specialized centers and dedication of investigators to pediatric stroke will
improve effective care for these patients. Additionally, the present findings might have been influenced by limited data
and small sample size. Finally, the univariate analysis was performed primarily using the conventional method, and this
study achieved the main objective of potentially identifying predictive variables rather than testing a hypothesis. We
considered the scientific plausibility and clinical meaningfulness of such associations, but a further application of our

methodology in a larger sample is warranted.

Conclusions

Despite the lack of a sub-specialized multidisciplinary team caring for pediatric patients with stroke, HIE and SCD with
or without moyamoya disease are the most prevalent underlying etiologies. Our results support the findings of previous
studies regarding motor weakness and headache being the most common initial manifestations in these patients. AIS is
more predominant than venous or hemorrhagic types of stroke. The distribution of the MCA is the worst-hit territory.
Given the high prevalence and importance of multiple risk factors, an in-depth set of investigations, including
hematological, neuroimaging, and metabolic analyses, should be considered in every child with stroke. Because of the
low incidence of pediatric stroke, future research on stroke should be performed with a concerted national and

international effort.
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AHA, American Heart Association; AIS, arterial ischemic stroke; AWI, arterial wall imaging; CT, computed tomography;
CTA, computed tomography angiography; CVST, cerebral venous sinus thrombosis; HIE, hemorrhagic ischemic encepha-
lopathy; MCA, middle cerebral artery; MRA, magnetic resonance arteriography; MRI, magnetic resonance imaging; MRV,
magnetic resonance venography; SCD, sickle cell disease; tPA, tissue plasminogen activator.
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