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There is an increasing global burden of pediatric stroke especially in low- and middle-income countries (LMICs). This is worsened by the specific risk factors in these areas, including Sickle Cell Disease and endemic infections like Tuberculosis and Human Immunodeficiency disease. Stroke occurs 221–300 times more frequently in patients with SCD when compared to healthy children. Although established stroke units and acute stroke care can improve outcomes, these are often not available in resource-poor settings. Primary and secondary prevention of strokes become a very important strategy to reduce the mortality and debilitating physical and cognitive long-term effects of stroke. There are myriads of challenges with implementing already established global policies and guidelines for stroke care in LMICs. These include paucity of data on this subject, poor knowledge and awareness about the symptoms of childhood stroke, adverse cultural beliefs regarding strokes, lack of screening and diagnostic equipment, inadequately trained manpower as well as nonexistent evidence-based management guidelines in these regions. To address these challenges, simple, cost-effective, stroke care models that determine the process of care and how available services should be delivered have been proposed to suit the peculiarities of LMICs in the areas of stroke risk assessment, prevention, and management.
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1 Introduction

Despite its seeming rarity, there has been an increased global awareness and recognition of stroke as a significant cause of morbidity and mortality in children. There is however limited data on childhood stroke globally since it is generally underrecognized. This is worse in low, medium income countries (LMICs) with no significant data from Africa in the International Pediatric Stroke Study, IPSS (Bejot et al., 2008). This childhood stroke registry includes more than 100 institutions in 34 countries with over 8,000 children (Bejot et al., 2008). This under-representation and poor recognition of stroke in children is mainly due to poor awareness of the clinical signs and symptoms by healthcare providers in the emergency as well as the public (Ndondo and Hammond, 2022). Although less common than adult stroke, the associated long-term neurological deficits are equally devasting with correlated increases in health care costs. Since stroke can be prevented and treated in some patients, proper identification and determination of the etiology and risk factors becomes necessary.



2 Definitions, etiology, and risk factors

Stroke is defined as the sudden onset of focal, neurologic deficit persisting ≥24 h or until death, resulting from irreversible damage to the brain parenchyma following a cerebrovascular insult (Sacco et al., 2013). The vascular insult could lead to infarction, intra-cerebral hemorrhage, and/or subarachnoid hemorrhage (Sacco et al., 2013). Ischemic (infarction) stroke includes arterial ischemic stroke (AIS) and cerebral venous thrombosis with venous infarction while Hemorrhagic stroke (HS) includes intracerebral hematoma or subarachnoid hemorrhage (Jordan, 2008).


2.1 Arterial ischemic stroke

Pediatric arterial ischemic stroke is defined as the onset of an acute neurological deficit with accompanying radiographic evidence of infarction in the corresponding arterial territory occurring in a child between 29 days and 18 years (Bernard et al., 2012). Arteriopathies, which are recognized as the most significant risk for AIS and the strongest risk of stroke recurrence in children, could be chronic or transient and are frequently detected on vascular imaging (Bohmer et al., 2019; Fullerton et al., 2016).



2.2 Hemorrhagic stroke, HS

This occurs in 50% of childhood strokes (Fullerton et al., 2016) and includes spontaneous intraparenchymal and non-traumatic subarachnoid hemorrhage. The commonest causative lesion is arteriovenous malformations (AVMs) in 30% with the probability of having a first hemorrhage occurring at 2–4% per year (Mallick and O'Callaghan, 2010).



2.3 Risk factors of pediatric stoke in LMIC

The etiologies and risk factors of pediatric stroke differ from those in adult stroke (Bernard et al., 2012). A large study by the IPSS involving 493 children with stroke reported that the risk factors are influenced by the age at presentation, geographical location, ethnicity, as well as available medical resources (Mackay et al., 2011).

Sickle cell disease (SCD) and endemic infectious diseases constitute significant risk factors for pediatric stroke in LMICs (Ndondo and Hammond, 2022). Studies done in India (Patra et al., 2015) and Pakistan (Siddiqui et al., 2006) reported intracranial infections as the commonest etiology of stroke, while some West African studies have reported SCD as the commonest risk factor for pediatric stroke worse with sickle cell anemia which is the homozygous form (Ndiaye et al., 2018; Fatunde et al., 2005). A study done in Kenya, East Africa however reported connective tissue disease and congenital heart disease as the commonest risk factors for AIS (Ogeng'o et al., 2010).


2.3.1 SCD vasculopathy

Hematological disorders, commonly SCD in African children, markedly increase the risk of stroke, with up to a third of patients having neuroimaging abnormalities without a history of overt stroke (Ciceri et al., 2011). The mechanism of stroke in SCD is likely a result of background chronic anemia and the hypercoagulable state as well as stenosis of the distal internal carotid artery (ICA) and/or the proximal middle cerebral artery (MCA) secondary to chronic repetitive insults on the vasculature (Ciceri et al., 2011; Idro et al., 2022; Kija et al., 2019; Elmahdi et al., 2022; Jacob et al., 2020).

Another form of arteriopathy in SCD is Moya Moya which is a non-inflammatory vasculopathy characterized by progressive stenosis of vessels feeding the circle of Willis with a compensatory network of collateral vessels distally (Ciceri et al., 2011). This is seen on angiograms as a “puff of smoke” and is seen in a proportion of patients with SCD and stroke (Idro et al., 2022; Kija et al., 2019; Elmahdi et al., 2022; Jacob et al., 2020). The risk of stroke recurrence has been reported to be significantly higher for those who have moyamoya collaterals (Dobson et al., 2002).

Silent cerebral infarct (SCI), the most common form of neurologic disease in pediatric SCD, is defined as abnormal magnetic resonance imaging (MRI) findings without an overt clinical neurological deficit. It is noted as an independent risk factor for overt stroke and occurs in up to 37% of these children by the 14th birthday (DeBaun et al., 2012). A prospective study of 224 children with Sickle cell anemia in Tanzania reported a prevalence of 27% in neurologically asymptomatic children (Jacob et al., 2020).

SCD is also a major risk factor for hemorrhagic stroke in children occurring in up to 25% of first strokes in this subset of children (Ciceri et al., 2011). The Baltimore-Washington Cooperative Young Stroke Study reported a nearly 250-fold risk of HS in children with SCD compared with unaffected children (Earley et al., 1998). HS is more likely in children who have had a previous ischemic stroke, acute hypertension, a low steady-state hemoglobin, leukocytosis, acute chest syndrome, and a history of hypertransfusion or have received steroids (Strouse et al., 2006; Ohene-Frempong et al., 1998).



2.3.2 Endemic infections

The pathophysiology of encephalitis and meningitis as risk factors is presumably due to associated inflammation of the vasculature, reduction in perfusion due to accompanying hypotension, thrombosis, reduction in cerebrospinal fluid glucose as well as intracranial hypertension (Ciceri et al., 2011). Tuberculous meningitis (TBM) is endemic in LMIC. The affected children have been noted to have an increased stroke risk with a large percentage presenting initially with stroke at admission and a significant number at the end of the first month of presentation (Solomons et al., 2021).

Bacterial meningitis, which is an important stroke risk and a major cause of morbidity and mortality in children, causes vasculopathy in the region of the infective focus and is associated with ischemic stroke in 10–25% of cases (Ndondo and Hammond, 2022). Pneumococcal meningitis and Haemophilus as well as Group B streptococcus in neonates are reported to cause more strokes in children than meningococcal meningitis (Pryde et al., 2013).

Human immunodeficiency virus (HIV) infection is equally common and is also recognized as a stroke risk in LMICs with both ischemic and hemorrhagic stroke occurring in infected persons (Cole et al., 2004; Qureshi et al., 1997). Although clinical series reported that between 1.3 and 2.6% of children infected with HIV develop stroke (Park et al., 1990; Patsalides et al., 2002), the extent of cerebrovascular disease is thought to be underestimated in LMICs due to limited access to neuroimaging (Kolapo and Vento, 2011). Stroke in HIV patients has been independently associated with arteriopathy of the cerebral vessels, especially in younger patients, and can be the first presentation of HIV infection in children (Visudtibhan et al., 1999). A study comparing people living with HIV (PLWH) and HIV-negative patients presenting with acute stroke at a large tertiary hospital in Cape Town, South Africa, reported that PLWH were nearly a decade younger, had less traditional risk factors for stroke, and were more likely to have a concurrent infection with CD4 counts of < 200 cells/μL (Corbett et al., 2022). Ischemic strokes in this group were also more likely to affect more than one vascular territory. Besides the virus, opportunistic infections, coagulopathies, and the antiretroviral therapy instituted for treatment are reported to increase stroke risk further (Cole et al., 2004; Qureshi et al., 1997).

Rheumatic heart disease (RHD), secondary to Streptococcus pyogenes infection is reported as the most common form of cardiac pathology in people of low socioeconomic status with an estimate of 3–7.5% of all strokes in LMICs related to RHD (Carapetis et al., 2005).

Childhood stroke in which no risk factors are identified represents 10–30% of cases (Mallick and O'Callaghan, 2010).





3 Prevalence of stroke in children in LMICS

There is a paucity of data on the incidence and prevalence rates, types and etiology, associated risk factors, morbidity, and mortality of stroke across the lifespan of children in LMICs (Ndondo and Hammond, 2022) mostly as a result of lack of clinical suspicion. Analysis of the sociodemographic differences in prevalence, incidence, mortality, and disability-adjusted life-years (DALYs) of stroke among children aged 0–14 years using the 2019 Global Burden of Disease Study, reported that incident strokes and prevalent strokes increased by 18.51 and 31.97% globally (Du et al., 2023). They reported a disproportionate burden in LMICs which had 84% of incident cases, 83% of prevalent cases, 80% of years lost due to disability, and 93% of years of life lost in 2019, surpassing the global average. Eastern, Southern, and Western sub-Saharan Africa were identified as the regions that had the highest incidence of stroke primarily due to the high burden of SCD (Du et al., 2023).

More studies of prevalence rates have however been done around SCD and stroke since this is the most common risk factor for stroke in black children with more than 75% of the global burden of SCA occurring in sub-Saharan Africa (Piel et al., 2013). Stroke is 221–300 times more frequent in patients with SCD when compared to healthy children with the greatest incidence between 4 and 15 years of age (Ohene-Frempong et al., 1998). The first systematic review that analyzed neurologic events in African children with SCD reported a stroke prevalence of 4.2% in a pooled sample of 18,977 children obtained from 23 studies (Noubiap et al., 2017). Nigeria has the largest population of SCD and consequently a high burden of stroke with reported pediatric stroke prevalence ranging from 2.9 to 8.6%. Other LMICs have prevalence rates that are comparable to this (Njamnshi et al., 2006; Babela et al., 2005; Lagunju and Brown, 2012; Madu et al., 2014; Jiya et al., 2015; Munube et al., 2016; Amayo et al., 1992; Heimlich et al., 2016; Saidi et al., 2016; Adegoke et al., 2015) (see Table 1).


TABLE 1 Prevalence rate of stroke in Pediatric SCD diseases in some LMICs.
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4 Clinical manifestations

The clinical evaluation of pediatric stroke is more challenging compared with adults. This is partly a result of poor clinical suspicion due to atypical, varied, and non-pathognomonic clinical presentations leading to delayed diagnosis (Hollist et al., 2021). Although the recognition and evaluation of pediatric stroke is as urgent as that in adults with established protocols for both age strata, recognition of stroke symptoms in children still poses a challenge. Acute hemiparesis, which is recognized as the hallmark sign of stroke particularly in adults, can be seen in older children while seizures are the predominant presentation in younger children (deVeber et al., 2017). Children under 1 year are more likely to present with seizures and encephalopathy than focal signs (Ndondo and Hammond, 2022). Other non-specific symptoms such as headache, fever, nausea, and vomiting as well as cardio-pulmonary dysfunction can also be seen. A study in India reported hemiparesis in 70.6% of children followed by seizure, altered consciousness, both fever and cranial nerve palsy, vomiting, and aphasia in decreasing frequency (Patra et al., 2015). A similar study in Senegal reported predominantly hemiplegia (33.33%) and signs of raised intracranial pressure (20.51%) in children with hemorrhagic strokes while hemiplegia (79.60%) and seizures (18.05%) were predominant in children with ischemic stroke (Ndiaye et al., 2018). The confusion in diagnosis is further worsened by stroke mimics such as migraines, intracranial tumors, focal seizures, and demyelinating diseases which can cause acute-onset focal neurologic symptoms in 21–76% of affected children (Lehman et al., 2019). Given the associated neurologic and cognitive deficit and urgent treatment requirements, it is recommended that stroke should be considered as a differential diagnosis for acute-onset neurologic deficit in children, especially in the presence of risk factors (Ndondo and Hammond, 2022).



5 Diagnosis

The pathways for diagnosis and care for pediatric stroke are not as structured as the adult system. However, like adult stroke, neuroimaging is vital in confirming pediatric stroke and ruling out mimics. The Australian Childhood Stroke Advisory Committee recommends that stroke must be confirmed on imaging before instituting reperfusion treatment (Medley et al., 2019). Cranial MRI and angiography are recognized as the neuroimaging modalities of choice (Medley et al., 2019). The MRI sequences are especially important in differentiating between stroke and mimics. MRI is non-ionizing with an excellent spatial resolution, however, the non-availability especially in LMICs, the exorbitant cost of the few machines, and the long duration of image acquisition requiring sedation, as well as contraindications in patients with ferromagnetic implants are disadvantages to its use. It is estimated that the MRI density per million populations in LMICs is 0.04 in Cameroon to 1.33 in Bhutan (Tan et al., 2022). Cranial computed tomography, though ionizing, is recommended as a viable alternative if MRI is not available. The ready availability in emergency departments, non-necessity of sedation in most patients, fast acquisition of images, and high accuracy in the detection of hemorrhage are advantages of CT. CT angiography can further identify other features that are associated with AIS such as vascular occlusion and arterial dissection. However, there is evidence of poor sensitivity of CT in detecting hyperacute ischemic infarction leading to further delayed diagnosis (Medley et al., 2019).



6 Sequalae of pediatric stroke

Stroke is one of the top ten causes of death in children with long-term neurological sequelae noted in more than half of the survivors (Ciceri et al., 2011). Between 50 and 80% of survivors are reported to have permanent neurological deficits, especially hemiparesis or hemiplegia (Ellis et al., 2014). Pediatric stroke has been recognized to lead to multiple debilitating disorders including sensorimotor deficits, behavioral issues, intellectual disability, language impairment, and epileptic seizures (Felling et al., 2017) which are reported to occur in ~15–20% of children with childhood AIS and ≤ 17% of children with hemorrhagic stroke (Sacco et al., 2013). Children whose initial presentations were altered consciousness, infarcts bilaterally, and imaging evidence of arteriopathies are reported to be more likely to have long-term neurologic deficits (Greenham et al., 2016).


6.1 Cognitive impairment

Cognitive impairments, which are present in about 20–50% of the children, affect both behavioral traits and executive functions (Mackay and Steinlin, 2019). Studies concerning the relationship between the age of the children at initial stroke and cognitive outcome have differed over the years. It is, however, recognized that the changes in cognition can start and increase over time with the full sequelae emerging many years after the acute stroke event (Westmacott et al., 2009). A recent study investigating the effect of age at pediatric AIS on long-term cognitive outcome reported that a stroke in early childhood (29 days to < 6 years) was associated with a significantly worse outcome for cognitive flexibility, processing speed, and verbal learning irrespective of the size and location of the lesion (Abgottspon et al., 2022). Neonatal and later pediatric strokes were noted to have better cognitive outcomes.

A recent cross-sectional study evaluating neurocognitive impairment in Ugandan children with sickle cell anemia when compared to sibling controls revealed poorer cognitive and executive function in children with sickle cell anemia (SCA) aged between 5 and 12 years and those with prior stroke (Bangirana et al., 2024). Similarly, a Nigerian study reported that transcranial Doppler (TCD) velocity is significantly related to executive function efficiency in children with SCA (Mboizi et al., 2024). A Ugandan study assessing the neurological and cognitive impairment in children with SCA (BRAIN SAFE) noted that >20% of the children had ≥1 impairment (Green et al., 2019).

Silent cerebral infarction has been associated with cognitive impairment (Jacob et al., 2020).

A meta-analysis by Kawadler et al. (2016) on the effect of SCI on full-scale IQ (FSIQ) found that children with SCA and SCI scored significantly lower than children with SCA without SCI. Other Studies have also shown that children with SCD and SCIs performed worse on tests of vocabulary, coordination, visual-motor speed, and arithmetic when compared to children with SCD who had abnormalities on imaging evaluation (Armstrong et al., 1996; Wang et al., 2001).

HIV-associated vasculopathy is recognized to be associated with cognitive impairment. The clinical features may be subtle or silent or consist of neurobehavioral issues, learning difficulties, or regression (Izbudak et al., 2013).

Adequate post-stroke care and rehabilitation are hampered globally by fragmentation and poor coordination of care, a situation worsened by the added challenges of poor access to specialized stroke care services as well as the lack of adequately trained personnel in LMICs (Mboizi et al., 2024). Continuity of stroke rehabilitation post-discharge is therefore a major challenge in these areas.




7 Prevention of stroke and cognitive decline

Unlike adult stroke, the diverse nature of the etiology and risk factors of pediatric stroke makes prevention rather difficult to achieve. Following the paucity of dedicated stroke units, imaging modalities, and adequate therapeutic measures that ensure better patient outcomes in low-resource regions, there is a need for adequate primary and secondary preventative measures as important strategies for the reduction of mortality and disability in preventable cases of stroke. Recognition and screening for peculiar risk factors are useful for the overall prevention of stroke in adults as well as children.


7.1 Primary stroke prevention in children with sickle cell disease

SCD has been recognized as the only pediatric stroke risk factor that has evidence-based management which is anchored on randomized control trials (Adams et al., 1998).


7.1.1 Chronic blood transfusion

The Stroke Prevention Trial in Sickle Cell Anemia (STOP) established that chronic blood transfusion (CBT) therapy, can reduce the risk of a first stroke by 92% in high-risk children with abnormal cerebral blood flow velocities noted on transcranial Doppler (TCD) ultrasound (Adams et al., 1998). Following the successes recorded, the American Society of Hematology (ASH) guideline panel strongly recommended annual TCD screening for the prevention of stroke in this subset of children. Those with abnormal TCD velocities are recommended to have regular blood transfusion therapy, typically every 3–4 weeks for at least a year, to maintain the maximum HbS level < 30% and maintain the hemoglobin level >9.0 g/dL (DeBaun et al., 2012). Despite the remarkable stroke prevalence reduction, the challenge of excessive Iron storage following repeated blood transfusion made the use of monthly blood transfusion burdensome. Notwithstanding the documented success, the use of chronic blood transfusion is not feasible in poor resource settings. Lagunju et al. (2013) in a study done in Nigeria, reported a low acceptance rate of chronic transfusion therapy among caregivers of children with SCD largely due to high economic costs, difficulties with finding donors, and unavailability of blood. This is further worsened by cultural beliefs attributing stroke to diabolic forces, as well as poverty all leading to poor uptake and compliance with CBT among patients and their families.



7.1.2 Hydroxyurea

These challenges further informed a phase III randomized controlled trial, TCD with Transfusions Changing to Hydroxyurea (TWiTCH). This demonstrated the effectiveness of Hydroxyurea (HU), a myelosuppressive, chemotherapeutic agent, in maintaining TCD velocities and preventing primary stroke in children with abnormal CBFV after an initial year of blood transfusion if there is no evidence of severe vasculopathy on MRA (Ware et al., 2016).

To combat the challenges, the Stroke Prevention in Nigeria (SPIN NCT01801423) feasibility trial conducted in 2012 to determine the uptake and effectiveness of HU therapy for primary stroke prevention in children with abnormal TCD velocities showed an appreciable reduction in CBF velocities within 3 months by ~85% (Galadanci et al., 2017). They also noted stroke risk reduction at a dose of 20 mg/kg/day as well as a high rate of participant recruitment, retention, and adherence for HU. A later study by Lagunju et al. (2019) done in Nigerian children with SCD and abnormal CBF velocities also reported a significant reduction in TCD velocities and a corresponding reduction in the incidence of primary stroke following treatment with HU. Following a mean follow-up of 3.6 years, only one stroke event occurred in the cohort, giving a stroke incidence of 0.27/100 person-years. Another multicenter Trial conducted in Northern Nigeria (SPRING, Primary Stroke Prevention in Nigeria, NCT02560935) concluded that a fixed low-dose HU of at least 10 mg/kg/day was effective for the prevention of primary stroke (Abdullahi et al., 2022). Further analyses however suggested that the moderate-dose group (20 mg/kg/day) was less likely to be hospitalized for all other causes.




7.2 Secondary stroke prevention in SCD

The current recommendations secondary stroke prevention and treatment children with SCD who presented with signs and symptoms of stroke include a simple blood transfusion top-up urgently done within 2 h to increase oxygen delivery if hemoglobin is < 10 g/dl. Furthermore, exchange blood transfusion is suggested to reduce the sickled hemoglobin to < 30% while also aiming to increase the hemoglobin concentration to >10–11 g/dL (DeBaun et al., 2012). Further research reported that following a prior overt stroke and monthly blood therapy, there was still a 45% chance of infarct recurrence within 5.5 years while still on chronic blood transfusion (Hulbert et al., 2011). However, there was a strong association between progressive cerebral vasculopathy and infarct recurrence, relative risk 12.7 (95% CI 2.65–60.5, P = 0.001) (Hulbert et al., 2011).

An earlier study by Lagunju et al. (2013) in Nigeria reported that the risk of recurrence and severe motor disability was reduced in children with a first clinical stroke following the use of Hydroxyurea. This finding was further corroborated by the SPRINT (hydroxyurea for secondary stroke prevention in children with sickle cell anemia in Nigeria) trial, a randomized, double-blind trial of 2 fixed-dose regimens of hydroxyurea, which provided evidence that both low- and moderate-dose hydroxyurea regimens are effective for secondary stroke prevention when chronic transfusion therapy is not feasible (Abdullahi et al., 2023).

For children with Moyamoya and stroke or transient ischemic attack, the American Society of Hematology guideline suggests evaluation for revascularization surgery and regular blood transfusion as the secondary strategy to prevent stroke recurrence (DeBaun et al., 2012).



7.3 Silent strokes and cognitive function

Given the high prevalence of silent cerebral infarcts (silent stroke) in children with SCD and their association with cognitive impairment, the American Society of Hematology (ASH) guidelines recommend at least one non-sedated screening MRI in early school-age children with SCA to detect silent infarcts and surveillance MRI of the brain every 1–2 years to identify disease progression (DeBaun et al., 2012). On identification of silent infarct, a formal expert cognitive assessment is recommended to secure additional resources for the rehabilitation and institution of special educational services for the child. Further recommendations include the involvement of family and caregivers on the need for regular blood transfusion therapy for at least 3 years to prevent further recurrence and neurological damage (DeBaun et al., 2012).

Following the recognition of cognitive impairment in Ugandan children with SCD, a further open-label trial (BRAIN SAFE II) showed significant improvement in attention and cognition following therapy with HU suggesting its role in enhancing overall cognitive function in this subset of children. Similarly, findings of decreased TCD velocity and improved cognition with early use of hydroxyurea have been reported by other authors (Wang et al., 2021; Heitzer et al., 2021).



7.4 Other primary preventative strategies for pediatric stroke

The study by the International Pediatric Stroke Study registry reported infection as a significant risk factor for stroke in 24% of 676 AIS cases enrolled in 10 countries (Bejot et al., 2008). Vaccination against infectious diseases that constitute risk factors, as well as early diagnosis and adequate treatment of the endemic pathogens will also form a basis for the prevention of pediatric stroke. The Expanded Programme on Immunization (EPI) program was created in 1974 by the World Health Organization (WHO, 1974) to improve the availability of vaccines globally. Vaccination with Bacille Calmette-Guerín (BCG) was incorporated into childhood immunization programs in countries with high TB disease burdens. WHO strongly recommends that BCG vaccination which is most effective against TB and TBM should be given to all neonates in settings with a high tuberculosis burden (Feikin et al., 2006). The development and introduction of low-cost vaccines into routine immunization programs in high-burden countries has led to a significant reduction in meningitis infection and consequent neurological effects (Alderson et al., 2021). Likewise, the progression of throat infection by Group A Streptococcus, GAS leading to acute rheumatic fever (ARF) and rheumatic heart disease (RHD) in children can be curbed by primary and secondary preventive measures using cost-effective Benzathine penicillin (BPG) (Manyemba and Mayosi, 2002). Furthermore, Echocardiography-based screening has been used to detect latent cardiac diseases that can be treated successfully (Ali and Subahi, 2020).

With regards to HIV- associated vasculopathy, optimization of HIV virological control, exclusion of opportunistic infections, and the avoidance of ART with adverse atherosclerotic side effects have been recommended as the management focus in this subset of patients (Hammond et al., 2016).




8 Lessons learned from studies in resource-limited settings

The implementation of several strategies has led to gains recorded in the prevention and care of pediatric stroke in some resource-limited regions.


8.1 SCD

With regards to SCD, a recent update of the evidence in LMICS for the management of pediatric SCD by Odame (2023) recommended strategies for early diagnosis through newborn Screening (NBS) programs. Easy cost-effective point of care assessment has been developed and used successfully by the ASH. An observational study in Haiti using the rapid point-of-care (POC) Sickle SCAN revealed excellent specificity and sensitivity to detect SCD during newborn screening and shortened healthcare access for children positive for SCD (Alvarez et al., 2019). Early detection of SCD further allows for better screening and primary prevention of stroke in these children.

Furthermore, one of the goals of the SPIN trial in Nigeria included having a sustainable stroke prevention program. They successfully constituted a Sickle Cell Disease Stroke Prevention Team, the first regional program in Africa that recorded a 100% maintenance and implementation rate after 1 year, further demonstrating the feasibility and sustainability of pediatric stroke prevention in Africa (Ghafuri et al., 2022).

In addition, HOPE-KIDS 2 (NCT04218084), a phase 3, multicenter, placebo-controlled trial carried out between 2020 and 2023 to evaluate the effect of Voxelotor (a hemoglobin S polymerization inhibitor) treatment on reducing stroke risk in children with SCD concluded that the clinical sites (Africa and Middle Eastern sites) that were studied successfully implemented a standardized, local TCD screening protocol with relatively few limitations regarding participant screening (Bello-Manga et al., 2023).



8.2 Endemic infections

TBM is recognized as one of the leading causes of neurological morbidity and mortality in LMICs, the development of affordable, accurate diagnostic testing for TBM remains a priority as well as the availability of affordable, safe, and effective anti-tuberculous drugs (Ndondo and Hammond, 2022).

The Global Roadmap to Defeat Meningitis by 2030 is an initiative that seeks to raise awareness of bacterial meningitis and to reverse the trend by emphasizing prevention through adequate vaccination. The development, availability, and use of low-cost vaccines to prevent Hemophilus influenzae type B, Hib and pneumococcus have significantly impacted the prevalence of meningitis and other disease manifestations caused by these pathogens (Alderson et al., 2021). Currently, Nigeria has become the first country to receive the new MenFive meningitis vaccine which targets five main strains of meningococcal meningitis prevalent in Africa from the Vaccine Alliance-funded global stockpile1.

With regards to HIV infection, which is a notable risk factor for pediatric stroke, there has been a progressive decline in the rate of new infections among children since the introduction in 2011 of the “Global Plan towards the Elimination of New HIV Infections among Children and Keeping their Mothers Alive”. This is mainly because of increased access to prevention of mother-to-child transmission (PMTCT) related services and an increased number of pregnant women living with HIV being initiated on lifelong antiretroviral medicines with Eastern and Southern Africa showing sustained progress in PMTCT of HIV (UNICEF).

To address problems of control of RHD, the SUR I CAAN (Surveillance, Integration, Communication, Awareness, Advocacy, and Training) program was implemented in Sudan with the aim of improving primary, secondary, and tertiary prevention of RHD. They instituted the use of point-of-care handheld echocardiography for early detection and treatment of RHD (Ali and Subahi, 2020). Analysis done in Brazil showed that echocardiographic screening utilizing handheld devices, performed by non-physicians with remote interpretation by telemedicine is cost-effective (Ubels et al., 2020).



8.3 Limitations of primary stroke prevention

Although several strategies have been implemented and gains recorded in the prevention and care of pediatric stroke, there are still myriads of challenges encountered in addressing the stroke burden among children in LMICs. These include a paucity of relevant data for policymaking, as well as limitations at the patient and hospital levels (Ndondo and Hammond, 2022).

Odame (2023) reported a high SCD disease burden with poor outcomes which are worsened by inadequate healthcare infrastructure, and endemic infectious comorbidities like malaria and HIV. Bello-Manga et al. (2022) in a study on SCD in Northern Nigeria, reported that only 5.49% of eligible children ever had TCD screening in their lives, mainly due to a lack of trained personnel and machines.

Despite successes recorded in tackling infectious diseases through vaccination, vaccine skepticism and hesitancy have increased in LMICs, a situation worsened by the COVID-19 pandemic and the associated misinformation concerning the safety of vaccines in general (Simas and Larson, 2021).

Other limitations have been noted in the areas of pediatric stroke care. At the patient level, there is a delay in assessing care for children with neurologic signs and symptoms largely due to a lack of knowledge concerning the signs and symptoms of stroke, in children. Studies from India (Ashraf et al., 2015) and Nigeria (Philip-Ephraim et al., 2015) indicate lengthy delays in presenting to the hospital, with < 30% of patients with stroke attending the hospital within 3 h of symptom onset.

Further barriers noted within the hospital include a lack of acute stroke care protocol and units, unavailability of brain imaging equipment as well as a dearth of specialists like neurologists, radiologists, physiotherapists, occupational therapists, and nurses. Although critical to the diagnosis of stroke, Africa records very poor access to neuroimaging services (Tan et al., 2022). Cerebrovascular disease has been reported to be frequently undetectable by clinical assessments alone and therefore the need for neuroimaging in at-risk children (Idro et al., 2022).



8.4. Proposed solutions to combat LMIC-specific challenges

To combat the challenges of primary stroke prevention in children with SCD, Bello-Manga et al. (2022) proposed an alternate “task shifting” implementation strategy focused mainly on training nurses within the community health centers on skills of TCD screening as well as training the non-specialist medical officers within these establishments on the initiation and monitoring of HU administration to children with abnormal TCD measurements.

Appropriate vaccination, early diagnosis, and treatment of endemic infectious constituting stroke risks would reduce the burden of stroke in childhood. There is an urgent need to make safe and effective anti-tuberculous and anti-retroviral drugs (with the availability of combination formulations) widely available (Ndondo and Hammond, 2022).

To combat difficulties in clinical diagnosis and symptom recognition, the 2017 guidelines of the Royal College of Pediatrics suggest increasing awareness of stroke in childhood amongst the public and front-line clinical staff, by emphasizing the use of the FAST (face, arm, speech, time) tool in the pediatric population (RCPCH, 2017). Lately, the Questionnaire for Verifying Stroke-Free Status (QVSFS), an 8-item structured questionnaire that is a simple, accurate, and cost-effective diagnostic screening tool was adopted in Ghana to address the challenges of screening and detection of strokes. The validated version of the questionnaire which would also include an app, will be used to screen all SCD patients in registries in Ghana and Nigeria during routine follow-up to capture stroke events clinically followed by detailed evaluation (Arfo et al., 2016).

Given the several limitations, alternative stroke models of care have been proposed to suit the peculiarities of LMICs. These models include (i) Multidisciplinary team care, (ii) Specialist-led care, (iii) physician-led care, (iv) hub and spoke model, and (v) task sharing (Pandian et al., 2020). Though used in adults, they can be adapted for the purpose of early diagnosis and treatment of acute pediatric stroke. The task-sharing model has been suggested in Nigeria given the dearth of trained personnel (Alderson et al., 2021). A study done to assess the effect of implementing stroke unit care in a rural Indian hospital using the physician-led care model showed improvements in quality measures, complication rates, and patient outcomes (John et al., 2021).

Furthermore, few cost-effective and alternative models of care have been proffered by Pandian et al. (2017) for establishing feasible stroke care services. These include the generation of stroke awareness in the lay public as well as addressing cultural beliefs that might delay rapid treatment, incorporation of multidisciplinary team members into ward rounds, identifying discharge needs and recovery goals of the patient, and training of primary caregivers about rehabilitation.

For stroke care to be effective in low-resource settings, there is a need to define the vital areas of care that will be of greatest benefit using the available resources. Four different components have equally been defined as requirements to improve stroke care systems in LMICs (Simas and Larson, 2021). These include (i) collection of high-quality hospital and population-level data on stroke, (ii) identification of elements of organized stroke care that can be implemented to make the largest gain when there is no access to costly high resources, (iii) specialized multidisciplinary stroke training using optimal evidence-based care for the unique setting, and (iv) integration of stroke services into national non-communicable diseases programs to achieve the UN Sustainable Development Goal 3.4 (Pandian et al., 2017).




9 Conclusions

The challenges in pediatric stroke care in LMIC countries are myriad and are worsened by the peculiarity of sickle cell disease and some endemic infections as LMIC-specific risk factors for stroke. The use of TCD for screening stroke risk in children with sickle cell disease and the primary prevention of stroke with hydroxyurea are proven strategies for stroke prevention for this subset of children, likewise the use of vaccinations for endemic infections.

Furthermore, several models of care involving local and national governments for stroke care have been established in low-resource settings to improve outcomes for stroke patients. The recent expansion in the field of stroke care in low-resource regions calls for more integrated efforts at personal, hospital, community, national, and international levels for more positive and fruitful collaborations. The implementation of the different strategies will undoubtedly reduce the burden of stroke incidence in Africa and consequently mortality and morbidity as well as the associated neurocognitive sequelae.



Author contributions

UI: Conceptualization, Project administration, Resources, Software, Validation, Writing – original draft, Writing – review & editing. ON: Conceptualization, Formal analysis, Supervision, Validation, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Footnotes

1 Available at: https://www.healthnews.ng/nigeria-leads-the-way-with-new-vaccine-to-tackle-meningitis-outbreak/ (accessed April 22, 2024).



References

 Abdullahi, S. U., Jibir, B. W., Bello-Manga, H., Gambo, S., Inuwa, H., Tijjani, A. G., et al. (2022). Hydroxyurea for primary stroke prevention in children with sickle cell anaemia in Nigeria (SPRING): a double-blind, multicentre, randomized, phase 3 trial. Lancet Haematol. 9, e26–e37. doi: 10.1016/S2352-3026(21)00368-9

 Abdullahi, S. U., Sunusi, S., Abba, M. S., Sani, S., Inuwa, H. A., Gambo, S., et al. (2023). Hydroxyurea for secondary stroke prevention in children with sickle cell anemia in Nigeria: a randomized controlled trial. Blood 141, 825–834. doi: 10.1182/blood.2022016620

 Abgottspon, S., Thaqi, Q., Steiner, L., Slavova, N., Grunt, S., Steinlin, M., et al. (2022). Effect of age at pediatric 571 stroke on long-term cognitive outcome. Neurology 98, e721–e729. doi: 10.1212/WNL.0000000000013207

 Adams, R. J., McKie, V. C., Hsu, L., Files, B., Vichinsky, E., Pegelow, C., et al. (1998). Prevention of a first stroke by transfusions in children with sickle cell anemia and abnormal results on transcranial Doppler ultrasonography. N. Engl. J. Med. 339, 5–11. doi: 10.1056/NEJM199807023390102

 Adegoke, S. A., Adeodu, O. O., and Adekile, A. D. (2015). Sickle cell disease clinical phenotypes in children from South-Western, Nigeria. Niger. J. Clin. Pract. 18, 95–101. doi: 10.4103/1119-3077.146987

 Alderson, M. R., Welsch, J. A., Regan, K., Newhouse, L., Bhat, N., Marfin, A. A., et al. (2021). Vaccines to prevent meningitis: historical perspectives and future directions. Microorganisms 9:771. doi: 10.3390/microorganisms9040771

 Ali, S., and Subahi, S. A. (2020). Multi-sectoral, non-governmental program for control of rheumatic heart disease: SUR I CAAN: a model for developing countries. Int. J. Cardiol. 307, 195–199. doi: 10.1016/j.ijcard.2020.03.009

 Alvarez, O. A., Hustace, T., Voltaire, M., Mantero, A., Liberus, U., Saint Fleur, R., et al. (2019). Newborn screening for sickle cell disease using point-of-care testing in low-income setting. Pediatrics 144:e20184105. doi: 10.1542/peds.2018-4105

 Amayo, E. O., Owade, J. N., Aluoch, J. R., and Njeru, E. K. (1992). Neurological complications of sickle cell anaemia at KNH: a five-year retrospective study. East Afr. Med. J. 69, 660–662.

 Arfo, F., Gebregziabher, M., Ovbiagele, B., Akinyemi, R., Owolabi, L., Obiako, R., et al. (2016). Multilingual validation of the questionnaire for verifying stroke-free status in West Africa. Stroke 47, 167–172. doi: 10.1161/STROKEAHA.115.010374

 Armstrong, F. D., Thompson, R. J. Jr., Wang, W., Zimmerman, R., Pegelow, C. H., Miller, S., et al. (1996). Kerstin Vass for the Neuropsychology Committee of the Cooperative Study of Sickle Cell Disease. Cognitive functioning and brain magnetic resonance imaging in children with sickle cell disease. Pediatrics 97, 864–870. doi: 10.1542/peds.97.6.864

 Ashraf, V. V., Maneesh, M., Praveenkumar, R., Saifudheen, K., and Girija, A. S. (2015). Factors delaying hospital arrival of patients with acute stroke. Ann. Indian Acad. Neurol. 18, 162–166. doi: 10.4103/0972-2327.150627

 Babela, J. R., Nzingoula, S., and Senga, P. (2005). Sickle-cell crisis in the child and teenager in Brazzaville, Congo. A retrospective study of 587 cases (in French). Bull. Soc. Pathol. Exot. 98, 365–370.

 Bangirana, P., Boehme, A. K., Birabwa, A., Opoka, R. O., Munube, D., Mupere, E., et al. (2024). Neurocognitive impairment in Ugandan children with sickle cell anemia compared to sibling controls: a cross-sectional study. Front. Stroke 3:1372949. doi: 10.3389/fstro.2024.1372949

 Bejot, Y., Rouaud, O., Benatru, I., Fromont, A., Couvreur, G., Caillier, M., et al. (2008). Contribution of the Dijon Stroke Registry after 20 years of data collection. Rev. Neurol. 164, 138–147. doi: 10.1016/j.neurol.2007.06.003

 Bello-Manga, H., Haliru, L., Ahmed, K. A., Tabari, A. M., Farouk, B. U., Bahago, G. Y., et al. (2022). Primary prevention of stroke in children with sickle cell Anemia in Nigeria: protocol for a mixed methods implementation study in a community hospital. JMIR Res. Protoc. 11:e37927. doi: 10.2196/37927

 Bello-Manga, H., Nduba, V., Abdullahi, S. U., Githanga, J., Ogutu, B., El-Beshlawy, A. M., et al. (2023). Transcranial Doppler screening of children with sickle cell disease for a large, multinational interventional study: experience from the phase 3 HOPE-Kids 2 trial investigating the effect of voxelotor treatment on transcranial doppler flow velocity. Blood 142:3871. doi: 10.1182/blood-2023-188677

 Bernard, T. J., Manco-Johnson, M. J., Lo, W., MacKay, M. T., Ganesan, V., DeVeber, G., et al. (2012). Towards a consensus-based classification of childhood arterial ischemic stroke. Stroke 43, 371–377. doi: 10.1161/STROKEAHA.111.624585

 Bohmer, M., Niederstadt, T., Heindel, W., Wildgruber, M., Strater, R., Hanning, U., et al. (2019). Impact of childhood arterial ischemic stroke standardized classification and diagnostic evaluation classification on further course of arteriopathy and recurrence of childhood stroke. Stroke 50, 83–87. doi: 10.1161/STROKEAHA.118.023060

 Carapetis, J. R., Steer, A. C., Mulholland, E. K., and Weber, M. (2005). The global burden of group A streptococcal diseases. Lancet Infect. Dis. 5, 685–694. doi: 10.1016/S1473-3099(05)70267-X

 Ciceri, E. F., Cuccarini, V., Chiapparini, L., Saletti, V., and Valvassori, L. (2011). Paediatric stroke: review of the literature and possible treatment options, including endovascular approach. Stroke Res. Treat. 2011:781612. doi: 10.4061/2011/781612

 Cole, J. W., Pinto, A. N., Hebel, J. R., Buchholz, D. W., Earley, C. J., Johnson, C. J., et al. (2004). Acquired immunodeficiency syndrome and the risk of stroke. Stroke 35, 51–56. doi: 10.1161/01.STR.0000105393.57853.11

 Corbett, C., Brey, N., Pitcher, R. D., O'Hagan, S., Esterhuizen, T. M., Chow, F. C., et al. (2022). Prevalence and characteristics of HIV-associated stroke in a tertiary hospital setting in South Africa. Neurology 99, e904–e915. doi: 10.1212/WNL.0000000000200780

 DeBaun, M. R., Armstrong, F. D., McKinstry, R. C., Ware, R. E., Vichinsky, E., Kirkham, F. J., et al. (2012). Silent cerebral infarcts: a review on a prevalent and progressive cause of neurologic injury in sickle cell anemia. Blood 119, 4587–4596. doi: 10.1182/blood-2011-02-272682

 deVeber, G. A., Kirton, A., Booth, F. A., Yager, J. Y., Wirrell, E. C., Wood, E., et al. (2017). Epidemiology and outcomes of arterial ischemic stroke in children: The Canadian Pediatric Ischemic Stroke Registry. Pediatr. Neurol. 69, 58–70. doi: 10.1016/j.pediatrneurol.2017.01.016

 Dobson, S. R., Holden, K. R., Nietert, P. J., Cure, J. K., Laver, J. H., Disco, D., et al. (2002). Moyamoya syndrome in childhood sickle cell disease: a predictive factor for recurrent cerebrovascular events. Blood 99, 3144–3150. doi: 10.1182/blood.V99.9.3144

 Du, M., Mi, D., Liu, M., and Liu, J. (2023). Global trends and regional differences in disease burden of stroke among children: a trend analysis based on the global burden of disease study 2019. BMC Public Health 23:2120. doi: 10.1186/s12889-023-17046-z

 Earley, C. J., Kittner, S. J., Feeser, B. R., Gardner, J., Epstein, A., Wozniak, M. A., et al. (1998). Stroke in children and sickle-cell disease: Baltimore-Washington Cooperative Young Stroke Study. Neurology 51, 169–176. doi: 10.1212/WNL.51.1.169

 Ellis, C., McGrattan, K., Mauldin, P., and Ovbiagele, B. (2014). Costs of pediatric stroke care in the United States: a systematic and contemporary review. Exp. Rev. Pharmoecon. Outcomes Res. 14, 643–650. doi: 10.1586/14737167.2014.933672

 Elmahdi, M., Fadalla, T., Suliman, M., Elsayed, M., Elhaj, A. M., Hussein, H., et al. (2022). Moyamoya syndrome and stroke among pediatric sickle cell disease patients in Sudan: a cross-sectional study. Ann. Med. Surg. 78:103815. doi: 10.1016/j.amsu.2022.103815

 Fatunde, O. J., Adamson, F. G., Ogunseyinde, O., Sodeinde, O., and Familusi, J. B. (2005). Stroke in Nigerian children with sickle cell disease. Afr. J. Med. Med. Sci. 34, 157–160.

 Feikin, D. R., Flannery, B., Hamel, M. J., Stack, M., and Hansen, P. M. (2006). Vaccines for children in low-and middle-income countries. Reprod. Matern. Newborn Child Health 2, 187–204. doi: 10.1596/978-1-4648-0348-2_ch10

 Felling, R. J., Sun, L. R., Maxwell, E. C., Goldenberg, N., and Bernard, T. (2017). Pediatric arterial ischemic stroke: epidemiology, risk factors, and management. Blood Cells Mol. Dis. 67, 23–33. doi: 10.1016/j.bcmd.2017.03.003

 Fullerton, H. J., Wintermark, M., Hills, N. K., Dowling, M. M., Tan, M., Rafay, M. F., et al. (2016). VIPS Investigators. Risk of recurrent arterial ischemic stroke in childhood: a prospective international study. Stroke 47, 53–59. doi: 10.1161/STROKEAHA.115.011173

 Galadanci, N. A., Umar Abdullahi, S., Vance, L. D., Musa Tabari, A., Ali, S., Belonwu, R., et al. (2017). Feasibility trial for primary stroke prevention in children with sickle cell anemia in Nigeria (SPIN trial). Am. J. Hematol. 92, 780–788. doi: 10.1002/ajh.24770

 Ghafuri, D. L., Abdullahi, S. U., Dambatta, A. H., Galadanci, J., Tabari, M. A., Bello-Manga, H., et al. (2022). Establishing sickle cell disease stroke prevention teams in Africa is feasible: program evaluation using the RE-AIM framework. J. Pediatr. Hematol. Oncol. 44, e56–61. doi: 10.1097/MPH.0000000000002179

 Green, N. S., Munube, D., Bangirana, P., Buluma, L. R., Kebirungi, B., Opoka, R., et al. (2019). Burden of 614 neurological and neurocognitive impairment in pediatric sickle cell anemia in Uganda (BRAIN SAFE): a 615 cross-sectional study. BMC Pediatr. 19, 1–11. doi: 10.1186/s12887-019-1758-2

 Greenham, M., Gordon, A., Anderson, V., and Mackay, M. T. (2016). Outcome in childhood stroke. Stroke 47, 1159–1164. doi: 10.1161/STROKEAHA.115.011622

 Hammond, C. K., Eley, B., Wieselthaler, N., Ndondo, A., and Wilmshurst, J. M. (2016). Cerebrovascular disease in children with HIV-1 infection. Dev. Med. Child Neurol. 58, 452–460. doi: 10.1111/dmcn.13080

 Heimlich, J. B., Chipoka, G., Kamthunzi, P., Krysiak, R., Majawa, Y., Mafunga, P., et al. (2016). Establishing sickle cell diagnostics and characterizing a paediatric sickle cell disease cohort in Malawi. Br. J. Haematol. 174:325. doi: 10.1111/bjh.13769

 Heitzer, A. M., Longoria, J., Okhomina, V., Wang, W. C., Raches, D., Potter, B., et al. (2021). Hydroxyurea treatment and neurocognitive functioning in sickle cell disease from school age to young adulthood. Br. J. Haematol. 195, 256–266. doi: 10.1111/bjh.17687

 Hollist, M., Au, K., Morgan, L., Shetty, P. A., Rane, R., Hollist, A., et al. (2021). Pediatric stroke: overview and recent 577 updates. Aging Dis. 12, 1043–1055. doi: 10.14336/AD.2021.0219

 Hulbert, M. L., McKinstry, R. C., Lacey, J. L., Moran, C. J., Panepinto, J. A., Thompson, A. A., et al. (2011). Silent cerebral infarcts occur despite regular blood transfusion therapy after first strokes in children with sickle cell disease. Blood 117, 772–779. doi: 10.1182/blood-2010-01-261123

 Idro, R., Boehme, A. K., Kawooya, M., Lubowa, S. K., Munube, D., Bangirana, P., et al. (2022). Brain magnetic resonance imaging and angiography in children with sickle cell anaemia in Uganda in a cross-sectional sample. J. Stroke Cerebrovasc. Dis. 31:106343. doi: 10.1016/j.jstrokecerebrovasdis.2022.106343

 Izbudak, I., Chalian, M., Hutton, N., et al. (2013). Perinatally HIV-infected youth presenting with acute stroke: progression/evolution of ischemic disease on neuroimaging. J. Neuroradiol. 40, 172–180. doi: 10.1016/j.neurad.2012.08.001

 Jacob, M., Saunders, D. E., Sangeda, R. Z., Ahmed, M., Tutuba, H., Kussaga, F., et al. (2020). Cerebral infarcts and vasculopathy in Tanzanian children with sickle cell anemia. Pediatr. Neurol. 107, 64–70. doi: 10.1016/j.pediatrneurol.2019.12.008

 Jiya, N. M., Ahmad, M. M., and Baba, J. (2015). Stroke in children with sickle cell anemia in Sokoto: a ten-year review. Res. J. Health Sci. 3, 113–120.

 John, L., William, A., Dawar, D., Khatter, H., Singh, P., Andrias, A., et al. (2021). Implementation of a physician-based stroke unit in a remote hospital of North-East India-Tezpur model. J. Neurosci. Rural Pract. 12, 356–361. doi: 10.1055/s-0041-1723099

 Jordan, L. C. (2008). Assessment and treatment of stroke in children. Curr. Treat. Opt. Neurol. 10, 399–409. doi: 10.1007/s11940-008-0042-9

 Kawadler, J. M., Clayden, J. D., Clark, C. A., and Kirkham, F. J. (2016). Intelligence quotient in paediatric sickle cell disease: a systematic review and meta-analysis. Dev. Med. Child Neurol. 58, 672–679. doi: 10.1111/dmcn.13113

 Kija, E. N., Saunders, D. E., Munubhi, E., Darekar, A., Barker, S., Cox, T. C., et al. (2019). Transcranial Doppler and magnetic resonance in Tanzanian children with sickle cell disease. Stroke 50, 1719–1726. doi: 10.1161/STROKEAHA.118.018920

 Kolapo, K. O., and Vento, S. (2011). Stroke: a realistic approach to a growing problem in sub-Saharan Africa is urgently needed. Trop. Med. Int. Health 16, 707–710. doi: 10.1111/j.1365-3156.2011.02759.x

 Lagunju, A. I., Brown, B. J., and Sodeinde, O. O. (2013). Chronic Blood transfusion for primary and secondary stroke prevention in Nigerian children with Sickle cell disease: a five year appraisal. Pediatr. Blood Cancer 60, 1940–1945. doi: 10.1002/pbc.24698

 Lagunju, I., Brown, B. J., Oyinlade, A. O., Asinobi, A., Ibeh, J., Esione, A., et al. (2019). Annual stroke incidence in Nigerian children with sickle cell disease and elevated TCD velocities treated with hydroxyurea. Pediatr. Blood Cancer 66:e27252. doi: 10.1002/pbc.27252

 Lagunju, I. A., and Brown, B. J. (2012). Adverse neurological outcomes in Nigerian children with sickle cell disease. Int. J. Hematol. 96, 710–718. doi: 10.1007/s12185-012-1204-9

 Lehman, L. L., Beslow, L. A., Steinlin, M., Kossorotoff, M., and Mackay, M. T. (2019). What will improve pediatric acute stroke care? Stroke 50, 249–256. doi: 10.1161/STROKEAHA.118.022881

 Mackay, M. T., and Steinlin, M. (2019). Recent developments and new frontiers in childhood arterial ischemic stroke. Int. J. Stroke 14, 32–43. doi: 10.1177/1747493018790064

 Mackay, M. T., Wiznitzer, M., Benedict, S. L., Lee, K. J., Deveber, G. A., Ganesan, V., et al. (2011). International Pediatric Stroke Study Group: arterial ischemic stroke risk factors: the International Pediatric Stroke Study. Ann. Neurol. 69, 130–140. doi: 10.1002/ana.22224

 Madu, A. J., Galadanci, N. A., Nalado, A. M., Garba, K. U., Fowodu, O. F., Hassan, A., et al. (2014). Stroke prevalence amongst sickle cell disease patients in Nigeria: a multi-center study. Afr. Health Sci. 14, 446–452. doi: 10.4314/ahs.v14i2.22

 Mallick, A. A., and O'Callaghan, F. J. K. (2010). Risk factors and treatment outcomes of childhood stroke. Exp. Rev. Neurother. 10, 1331–1346. doi: 10.1586/ern.10.106

 Manyemba, J., and Mayosi, B. M. (2002). Penicillin for secondary prevention of rheumatic fever. Cochr. Database Syst. Rev. CD002227. doi: 10.1002/14651858

 Mboizi, V., Nabaggala, C., Munube, D., Ssenkusu, J. M., Kasirye, P., Kamya, S., et al. (2024). Hydroxyurea therapy for neurological and cognitive protection in pediatric sickle cell anemia in Uganda (BRAIN SAFE II): PROTOCOL for a single-arm open label trial. medRxiv. doi: 10.1101/2024.01.12.24301208

 Medley, T. L., Miteff, C., Andrews, I., Ware, T., Cheung, M., Monagle, P., et al. (2019). Australian Clinical Consensus Guideline: the diagnosis and acute management of childhood stroke. Int. J. Stroke 14, 94–106. doi: 10.1177/1747493018799958

 Munube, D., Katabira, E., Ndeezi, G., Joloba, M., Lhatoo, S., Sajatovic, M., et al. (2016). Prevalence of stroke in children admitted with sickle cell anaemia to Mulago Hospital. BMC Neurol. 16, 1–6. doi: 10.1186/s12883-016-0704-2

 Ndiaye, M., Lengue, F., Sagna, S. D., Sow, A. D., Fogany, Y., Deme, H., et al. (2018). Childhood arterial ischemic stroke in Senegal (West Africa). Arch. Pédiatr. 25, 351–354. doi: 10.1016/j.arcped.2018.06.007

 Ndondo, A. P., and Hammond, C. K. (2022). Management of pediatric stroke-challenges and perspectives from resource-limited settings. Semin. Pediatr. Neurol. 44:100996. doi: 10.1016/j.spen.2022.100996

 Njamnshi, A. K., Mbong, E. N., Wonkam, A., Ongolo-Zogo, P., Djientcheu, V. D., Sunjoh, F. L., et al. (2006). The epidemiology of stroke in sickle cell patients in Yaounde, Cameroon. J. Neurol. Sci. 250, 79–84. doi: 10.1016/j.jns.2006.07.003

 Noubiap, J. J., Mengnjo, M. K., Nicastro, N., and Kamtchum-Tatuene, J. (2017). Neurologic complications of sickle cell disease in Africa: a systematic review and meta-analysis. Neurology 89, 1516–1524. doi: 10.1212/WNL.0000000000004537

 Odame, I. (2023). Sickle cell disease in children: an update of the evidence in low and middle-income settings. Arch. Dis. Child. 108, 108–114. doi: 10.1136/archdischild-2021-323633

 Ogeng'o, J. A., Olabu, B. O., Mburu, A. N., and Sinkeet, S. R. (2010). Pediatric stroke in an African country. J. Pediatr. Neurosci. 5, 22–24. doi: 10.4103/1817-1745.66676

 Ohene-Frempong, K., Weiner, S. J., Sleeper, L. A., Miller, S. T., Embury, S., Moohr, J. W., et al. (1998). Cerebrovascular accidents in sickle cell disease: rates and risk factors. Blood 91, 288–294.

 Pandian, J. D., Kalkonde, Y., Sebastian, I. A., Felix, C., Urimubenshi, G., Bosch, J., et al. (2020). Stroke systems of care in low-income and middle-income countries: challenges and opportunities. Lancet 396, 1443–1451. doi: 10.1016/S0140-6736(20)31374-X

 Pandian, J. D., William, A. G., Kate, M. P., Norrving, B., Mensah, G. A., Davis, S., et al. (2017). Strategies to improve stroke care services in low-and middle-income countries: a systematic review. Neuroepidemiology 49, 45–61. doi: 10.1159/000479518

 Park, Y. D., Belman, A. L., Kim, T. S., et al. (1990). Stroke in pediatric acquired immunodeficiency syndrome. Ann. Neurol. 28, 303–311. doi: 10.1002/ana.410280302

 Patra, C., Sarkar, S., Guha, D., and Dasgupta, M. K. (2015). Clinico-etiological profile of childhood stroke in a Tertiary Care Hospital in Eastern India. J. Neurosci. Rural Pract. 6, 515–519. doi: 10.4103/0976-3147.165414

 Patsalides, A. D., Wood, L. V., Atac, G. K., Sandifer, E., Butman, J. A., Patronas, N. J., et al. (2002). Cerebrovascular disease in HIVinfected pediatric patients: neuroimaging findings. Am. J. Roentgenol. 179, 999–1003. doi: 10.2214/ajr.179.4.1790999

 Philip-Ephraim, E. E., Charidimou, A., Otu, A. A., Eyong, E. K., Williams, U. E., and Ephraim, R. P. (2015). Factors associated with prehospital delay among stroke patients in a developing African country. Int. J. Stroke 10:E39. doi: 10.1111/ijs.12469

 Piel, F. B., Hay, S. I., Gupta, S., Weatherall, D. J., and Williams, T. N. (2013). Global burden of sickle cell anaemia in children under five, 2010–2050: modelling based on demographics, excess mortality, and interventions. PLoS Med. 10:e1001484. doi: 10.1371/journal.pmed.1001484

 Pryde, K., Walker, W. T., Hollingsworth, C., Haywood, P., Baird, J., Hussey, M., et al. (2013). Stroke in paediatric pneumococcal meningitis: a cross-sectional population-based study. Arch. Dis. Child. 98, 647–649. doi: 10.1136/archdischild-2013-304243

 Qureshi, A. I., Janssen, R. S., Karon, J. M., Weissman, J. P., Akbar, M. S., Safdar, K., et al. (1997). Human immunodeficiency virus infection and stroke in young patients. Arch. Neurol. 54, 1150–1153. doi: 10.1001/archneur.1997.00550210078016

 RCPCH (2017). Stroke in Childhood - Clinical Guideline for Diagnosis, Management, and Rehabilitation. Royal College of Pediatrics and Child Health. Available at: https://www.rcpch.ac.uk/resources/stroke-in-childhood-clinical-guideline (accessed October 18, 2024).

 Sacco, R. L., Kasner, S. E., Broderick, J. P., Caplan, L. R., Connors, J. J., Culebras, A., et al. (2013). An updated definition of stroke for the 21st century: a statement for healthcare professionals from the American Heart Association/American Stroke Association. Stroke 44, 2064–2089. doi: 10.1161/STR.0b013e318296aeca

 Saidi, H., Smart, L. R., Kamugisha, E., Ambrose, E. E., Soka, D., Peck, R. N., et al. (2016). Complications of sickle cell anaemia in children in Northwestern Tanzania. Hematology 21, 248–256. doi: 10.1080/10245332.2015.1101976

 Siddiqui, T. S., Rehman, A., and Ahmed, B. (2006). Etiology of strokes and hemiplegia in children presenting at Ayub Teaching Hospital, Abbottabad. J. Ayub Med. Coll. Abbottabad. 18, 60–63.

 Simas, C., and Larson, H. J. (2021). Overcoming vaccine hesitancy in low-income and middle-income regions. Nat. Rev. Dis. Prim. 7:41. doi: 10.1038/s41572-021-00279-w

 Solomons, R. S., Nieuwoudt, S. T., Seddon, J. A., and van Toorn, R. (2021). Risk factors for ischemic stroke in children with tuberculous meningitis. Childs. Nerv. Syst. 37, 2625–2634. doi: 10.1007/s00381-021-05163-2

 Strouse, J. J., Hulbert, M. L., DeBaun, M. R., Jordan, L. C., and Casella, J. F. (2006). Primary hemorrhagic stroke in children with sickle cell disease is associated with recent transfusion and use of corticosteroids. Pediatrics 118, 1916–1924. doi: 10.1542/peds.2006-1241

 Tan, M. A., Layug, E. J., Singh, B. P., and Parakh, M. (2022). Diagnosis of pediatric stroke in resource limited settings. Semin. Pediatri. Neurol. 44:100997. doi: 10.1016/j.spen.2022.100997

 Ubels, J., Sable, C., Beaton, A. Z., Nunes, M. C. P., Oliveira, K. K. B., Rabelo, L. C., et al. (2020). PROVAR+ (Programa de RastreamentO da VAlvopatia Reumática e Outras Doenças Cardiovasculares) investigators. Cost-Effectiveness of Rheumatic Heart Disease Echocardiographic Screening in Brazil: Data from the PROVAR+ Study: Cost-effectiveness of RHD screening in Brazil. Glob. Heart 15:18. doi: 10.5334/gh.529

 UNICEF. Elimination of Mother-to-Child Transmission–UNICEF DATA. Available at: https://data.unicef.org/topic/hivaids/emtct/ (accessed July, 2024).

 Visudtibhan, A., Visudhiphan, P., and Chiemchanya, S. (1999). Stroke and seizures as the presenting signs of pediatric HIV infection. Pediatr. Neurol. 20, 53–56. doi: 10.1016/S0887-8994(98)00093-9

 Wang, W., Enos, L., Gallagher, D., Thompson, R., Guarini, L., Vichinsky, E., et al. (2001). Neuropsychologic performance in school-aged children with sickle cell disease: a report from the Cooperative Study of Sickle Cell Disease. J. Pediatr. 139, 391–397. doi: 10.1067/mpd.2001.116935

 Wang, W. C., Zou, P., Hwang, S. N., Kang, G., Ding, J., Heitzer, A. M., et al. (2021). Effects of hydroxyurea on brain function in children with sickle cell anemia. Pediatr. Blood Cancer 68:e29254. doi: 10.1002/pbc.29254

 Ware, R. E., Davis, B. R., Schultz, W. H., Brown, R. C., Aygun, B., Sarnaik, S., et al. (2016). Hydroxycarbamide versus chronic transfusion for maintenance of transcranial Doppler flow velocities in children with sickle cell anaemia—TCD With Transfusions Changing to Hydroxyurea (TWiTCH): a multicentre, open-label, phase 3, non-inferiority trial. Lancet 387, 661–670. doi: 10.1016/S0140-6736(15)01041-7

 Westmacott, R., Macgregor, D., Askalan, R., and Deveber, G. (2009). Late emergence of cognitive deficits after unilateral neonatal stroke. Stroke 40, 2012–2019. doi: 10.1161/STROKEAHA.108.533976

 WHO (1974). Handbook of Resolutions. Geneva: World Health Assembly, Fourteenth Plenary Meeting; World Health Organization. Available at: https://iris.who.int/bitstream/handle/10665/86029/Official_record233_eng.pdf (accessed April 20, 2024).

Copyright
 © 2024 Itanyi and Nnodu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Prevention of stroke and cognitive decline in pediatric population in resource-limited settings



		1 Introduction



		2 Definitions, etiology, and risk factors



		2.1 Arterial ischemic stroke



		2.2 Hemorrhagic stroke, HS



		2.3 Risk factors of pediatric stoke in LMIC



		2.3.1 SCD vasculopathy



		2.3.2 Endemic infections













		3 Prevalence of stroke in children in LMICS



		4 Clinical manifestations



		5 Diagnosis



		6 Sequalae of pediatric stroke



		6.1 Cognitive impairment







		7 Prevention of stroke and cognitive decline



		7.1 Primary stroke prevention in children with sickle cell disease



		7.1.1 Chronic blood transfusion



		7.1.2 Hydroxyurea









		7.2 Secondary stroke prevention in SCD



		7.3 Silent strokes and cognitive function



		7.4 Other primary preventative strategies for pediatric stroke







		8 Lessons learned from studies in resource-limited settings



		8.1 SCD



		8.2 Endemic infections



		8.3 Limitations of primary stroke prevention



		8.4. Proposed solutions to combat LMIC-specific challenges







		9 Conclusions



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		Footnotes



		References

















OPS/images/cover.jpg
@ frontiers | Frontiers in Stroke

Prevention of stroke and
cognitive decline in pediatric
population in resource-limited

settings





OPS/images/fstro-03-1390220-t001.jpg
Country Study period Age range (years) Sample size Stroke prevalence References
Cameroon Oct-Dec 2002 07-35 120 6.67% Njamnshi et al., 2006
Congo May 1995-May 2002 05-17 1422 1.1% Babela et al, 2005
SW, Nigeria July 2005-June 2011 1-16 214 8.4% Lagunju and Brown, 2012
Nigeria (Multicentre) | June 2012-June 2014 <18 2,955 7.4% Madu etal, 2014
NE, Nigeria May 2004-Apr 2014 0-15 416 3.6% Jiya etal, 2015
Uganda Aug2012-Aug 2014 <18 2810 6.8% Munube et al,, 2016
Kenya Jan 1983-Jan 1988 0.6-21 360 3.3% Amayo et al., 1992
Malawi May 2018 2-10 117 8.5% Heimlich et al,, 2016
Tanzania Aug-Sep 2012 1-15 124 16.9% Saidi etal,, 2016
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