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Objective: This study aims to describe clinical variables and quality care 
indicators in pediatric stroke management at a high-complexity pediatric care 
center in Latin America.

Methods: Retrospective study of patients with stroke, aged 2–18 years from 
2011 to 2021. The principal outcomes were the mRs and mortality. Differences 
between groups were assessed using Fisher’s exact test and the Mann–
Whitney U test. We used logistic regression to explore the association between 
characteristics reported as relevant in literature and mortality.

Results: One hundred thirty six patients included, with a median age of 11 years, 
54% were male. 47% were hemorrhagic strokes, followed by ischemic strokes 
at 39%. One-third of the cases presented in hospital. 51% of the patients had no 
prior medical history. The most common symptoms were altered consciousness, 
headache, and hemiparesis. The median door-to-image time was 123 min. The 
most frequent etiologies in ischemic stroke were arteriopathies and cardiac 
pathology, while vascular malformation and coagulopathies were predominant in 
hemorrhagic stroke. No patient received reperfusion therapy. At discharge, 48% of 
patients had a favorable mRs. The mortality rate was 21%. Patients with in-hospital 
stroke have approximately 7.37 times the odds of dying compared to those with 
out-of-hospital stroke. Patients with hemorrhagic stroke have approximately 7.46 
times the odds of dying compared to those with ischemic stroke.

Conclusion: Significant gaps exist in the epidemiology and quality indicators of 
pediatric stroke care compared to adult protocols. Implementing a “Pediatric 
code stroke” protocol and conducting prospective studies are crucial for 
improving pediatric stroke care and outcomes.
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1 Introduction

Pediatric stroke, although rare, garners significant attention 
within the medical community due to its substantial impact on 
morbidity and mortality in children (1, 2). Stroke in children includes 
hemorrhagic, ischemic, mixed stroke, TIA (Transient ischemic 
attack) and cerebral venous thrombosis. Hemorrhagic stroke 
constitutes nearly half of all strokes in children, compared to only 
15% in adults (3, 4). The true global incidence of pediatric stroke 
remains uncertain, mainly due to variations in diagnostic coding, 
limited data sources, and under diagnosis resulting from divergent 
case definitions (5).

The incidence of pediatric stroke has been estimated to be around 
2 cases per 100,000 person-years in children (5), displaying a 
U-shaped trend with an initial peak in infants under 1 year old and a 
secondary peak during adolescence (6, 7). Despite the low incidence, 
pediatric stroke ranks among the top 10 causes of death in children (8, 
9). Previous literature indicates that males have a higher risk of 
mortality from pediatric stroke compared to females, with the highest 
death rates observed in the 15–19 age group. Hemorrhagic stroke, in 
particular, has a significantly higher mortality rate than ischemic 
stroke (8).

Between 1990 and 2013, the prevalence of pediatric stroke 
increased by 35% worldwide, partly due to advancements in diagnostic 
techniques and heightened awareness leading to improved case 
recognition (8). In Colombia, national-level studies are scarce, 
highlighting the need for local reports that provide detailed 
characterizations of the presentation and management of 
pediatric stroke.

The objective of this study is to describe the clinical variables and 
selected quality care indicators in stroke management and outcomes. 
The study was conducted at a high-complexity pediatric care reference 
center in Latin America.

2 Methods

2.1 Study design and participants

We conducted a retrospective study by reviewing medical records 
at Fundación Valle del Lili, Cali, Colombia. The study included 
patients from January 1, 2011, to December 31, 2021, who met the 
following criteria: aged between 2 and 18 years, diagnosed with 
ischemic, hemorrhagic, mixed stroke, TIA, or cerebral venous 
thrombosis, confirmed by computed tomography (CT) or magnetic 
resonance imaging (MRI), and hospitalized within the first 7 days of 
symptom onset. Patients were excluded if they had received medical 
or surgical treatment related to the stroke at another institution or 
were referred elsewhere before completing all diagnostic studies and 
treatment. Additionally, patients under 2 years old were excluded due 
to the higher incidence of stroke and different etiologies in this 
age group.

2.2 Data collection

The statistics department of Fundación Valle del Lili was requested 
to provide medical records of patients under 18 years diagnosed with 
stroke, as identified by the relevant ICD-10 codes (see 
Supplementary material S1). Researchers reviewed these medical 
records and extracted information from patients who met the 
selection criteria. Additionally, all imaging studies conducted during 
hospitalization were reviewed to extract relevant variables.

The type of stroke was classified as hemorrhagic, ischemic, mixed, 
TIA, or cerebral venous thrombosis based on imaging findings. 
Specific characteristics, such as etiology and imaging findings typical 
of each type of stroke were documented. Mixed stroke was defined as 
the simultaneous occurrence of intracerebral hemorrhage and cerebral 
infarction. Door-to-image time was calculated as the minutes elapsed 
between triage admission and the appearance of the image in the 
hospital system. For patients whose stroke occurred during 
hospitalization for another reason, length of stay was calculated from 
their initial hospital admission. The door-to-imaging time for 
in-hospital stroke patients was not calculated due to difficulties in 
measuring the time between the image request and the challenge of 
determining the exact moment of symptom onset.

The primary outcomes were in-hospital mortality, modified 
Rankin scale at discharge and post-discharge sequelae.

2.3 Statistical analysis

Before conducting the analyses, a quality assessment of the 
database was performed. Frequencies and proportions were calculated 
for categorical variables, and medians and interquartile range (IQR) 
for continuous variables, since the Shapiro–Wilk test indicated that 
none followed a normal distribution.

To compare distribution of variables between in-hospital and 
out-of-hospital events, we  used Fisher’s exact test for categorical 
variables and Mann–Whitney U test for continuous variables. 
Additionally, we used logistic regression to explore the association 
between characteristics reported as relevant in literature and mortality. 
A p value of <0.05 was considered statistically significant. All statistical 
analyses were performed using R Studio (version 4.3.1).

Ethics approval was granted by the local IRB #1860.

3 Results

3.1 Baseline characteristics

A total of 136 patients met the inclusion criteria, with a median 
age of 11 years (IQR 6–14), of which 54% (74) were male. Nearly 
one-third (44) of the patients were from rural areas, and 35% (47) 
experienced stroke symptoms during hospitalization for another 
cause. 62% patients were transferred from other institutions to receive 
care at our hospital. Hemorrhagic stroke was the most prevalent type, 
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accounting for 47% (64) of cases, followed by ischemic stroke at 39% 
(53), mixed strokes at 9% (12), and cerebral venous thrombosis at 5% 
(7), there were no TIA in the included sample. Additional baseline 
characteristics are provided in Table 1. Figure 1 shows neuroimages 
from cases with the different types of strokes.

Approximately half of the patients (66) had at least one risk factor, 
with the most common being heart diseases at 17% (23), 
hemoglobinopathies at 7% (10), and malignancy 7% (9). Details on 
the preexisting conditions are provided in Table 1. Upon admission, 
the initial diagnostic imaging modality was non-contrast CT scan in 
65% (89) of cases, followed by non-contrast MRI in 11% (15).

3.2 Clinical features

According to the type of stroke, differences in clinical presentation 
were observed. In ischemic stroke, the most common symptoms were 
hemiparesis in 54% of cases (28/53), headache in 36% (19/53), 
language disturbances in 34% (18/53), and altered consciousness in 
30% (16/53). In hemorrhagic stroke, the most frequent symptom was 
altered consciousness, occurring in 67% (43/64), followed by headache 
in 63% (40/64), nausea or vomiting in 39% (25/64), and seizures in 
28% (18/64). In cases of mixed stroke, the most common symptom 
was also altered consciousness in 67% (8/12), followed by hemiparesis 
and headache, each occurring in 42% (5/12). Lastly, in patients with 
cerebral venous thrombosis, the most frequent symptom was 
headache in 71% (5/7), with nausea, vomiting, and seizures present in 
43% (3/7) each, and hemiparesis in 29% (2/7). Additional 
manifestations are detailed in Table 2.

3.3 Type of stroke specific characteristics

For hemorrhagic stroke, the most frequent etiologies were 
vascular malformation in 32% (24/76) of cases, coagulopathy in 20% 
(15/76), vasculitis in 17% (13/76), and aneurysms 9% (7/76). Only 4% 
(3/76) of these patients presented with hypertensive crisis upon 
admission. Regarding the location of bleeding, 46% (35/76) were 
subarachnoid hemorrhages. Among patients with parenchymal 
hemorrhage, the most frequent location was lobar in 59% (45/76), 
followed by involvement of multiple territories in 13% (10/76), basal 
ganglia in 8% (6/76), and cerebellum in 7% (5/76). Bilateral 
hemorrhages were observed in 22% (17/76) of cases, and 
approximately half of the patients (51%) exhibited intraventricular 
drainage. The median hematoma volume at the first imaging was 
22 mL (IQR 11–43).

In ischemic stroke cases, arteriopathies were the most common 
etiology, accounting for 29% (29/65) of patients, followed by cardiac 
pathology at 25% (16/65), and neoplasms and sickle cell anemia at 8% 
each (5/65). Among patients with ischemic stroke who underwent 
cerebral vessel imaging, 24% (5/21) had large vessel occlusion. The 
middle cerebral artery was the most frequently occluded vessel, 
observed in 32% (21/65) of patients, followed by the lenticulostriate 
arteries and the posterior cerebral artery at 11% (7/65) each, the 
internal carotid artery at 6%, and the posterior inferior cerebellar 
artery (PICA) at 5% (3/65). Involvement of multiple vascular 
territories was noted in 29% (19/65) of patients. Hemorrhagic 
transformation was evident in 18% (12/65) of cases.

Regarding patients with cerebral venous thrombosis, the primary 
etiology was cancer in 43% (3/7) of cases, followed by infection and 
hematologic disorders at 14% (1/7) each. The etiology was 
indeterminate in 29% (2/7) of cases.

3.4 Diagnosis and treatment

The door-to-image in patients who presented with extra 
hospital stroke was 123 min (IQR 29–351). None of the patients 
underwent mechanical thrombectomy or received intravenous 
thrombolysis, primarily due to delayed diagnosis. Regarding 
surgical management, hematoma drainage was performed in 17% 
of patients with hemorrhagic stroke and in one patient with mixed 
stroke, while embolization was carried out in 17% of patients with 
hemorrhagic stroke. Prolonged hospital stays were observed in 
patients with in-hospital stroke compared to those with out-of-
hospital stroke. ICU stays of 12 days (IQR 4–20) versus 4 days (IQR 
2–7), and hospital ward stays of 28 days (IQR 12–46) versus 10 days 
(IQR 7–17).

3.5 Outcomes

Concerning functional outcomes at discharge, 48% of patients 
achieved a favorable mRS (0–2). When stratified by type of stroke, 
this percentage was 47% (30/64) for hemorrhagic stroke, 49% (26/53) 
for ischemic stroke, 17% (2/12) for mixed stroke and 100% (7/7) for 
CVT, the distribution of each mRS level is depicted in Figure 2. The 
most common sequelae at discharge were motor deficits (47%), 
language impairment (28%), and swallowing and gait disorders (7% 
each). The overall mortality rate was 21%, with a notably higher rate 
among patients with hemorrhagic stroke (31%) and mixed stroke 
(42%). Of the patients with mixed stroke, 17% (2 patients) died as a 
direct result of the stroke, while 25% died from underlying conditions 
unrelated to the stroke. Of these, one patient was on ECMO due to 
dilated cardiomyopathy, another was in the postoperative period 
following a Fontan surgery, and the third had sepsis from a 
fungal infection.

When comparing characteristics between groups of out-of-
hospital and in-hospital stroke, significant difference were found in 
age (p = 0.014), previous comorbidity (p < 0.001), systemic disease at 
admission (p < 0.001) and mRs at discharge (p < 0.001). Additional 
information is provided in Table 3.

For the logistic regression model, only the hemorrhagic stroke 
and ischemic stroke groups were included, as the sample sizes for the 
mixed and venous thrombosis groups were too small. Patients with 
hemorrhagic strokes had significantly higher odds of mortality 
compared to those with ischemic strokes (OR = 23.57, CI 95%: 5.27–
153.72, p < 0.001), after adjusting for age, gender, previous 
comorbidities, systemic disease at admission and location of stroke 
event. Moreover, patients with intrahospital onset of stroke had over 
14 times higher odds of mortality compared to those with extra-
hospital onset (OR = 14.32, CI 95%: 1.81–167.25, p  0.01). Age, 
gender, previous comorbidities and systemic diseases at admission 
did not emerge as significant in this analysis. Complete data from the 
regression appears in Table 4.
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TABLE 1 Characteristics of pediatric patients admitted due to acute stroke in FVL, between 2011 and 2021 (n = 136).

Baseline characteristics

Age (years) (Median, IQR) 11 (6–14)

Sex (n, %) Boys 74 54%

Girls 62 46%

Origin (n, %) Urban 78 57%

Rural 44 32%

Metropolitan area 14 10%

Place of event (n, %) Out-of-hospital 89 65%

In-hospital 47 35%

Previous comorbidities (n, %) None 70 51%

Heart disease 23 17%

Hemoglobinopathy 10 7%

Malignancy 9 7%

Previous stroke 8 6%

Intracranial tumor 2 1%

Thyroid disease 2 1%

Arterial hypertension 1 1%

Autoimmune disease 1 1%

Diabetes 1 1%

Event characteristics

Time since symptom onset (hours) (Median, IQR) 26 (9–96)

Type of stroke (n, %) Hemorrhagic 64 47%

Ischemic 53 39%

Mixed 12 9%

Sinovenous thrombosis 7 5%

Initial neuroimaging (n, %)

CT 89 65%

MRI 28 21%

Angiography (CT,MRI, arteriography) 12 9%

Stroke etiology

Hemorrhagic (n = 76)

Vascular malformation 24 32%

Coagulopathy 15 20%

Vasculitis 13 17%

Aneurysm 7 9%

Tumor 5 7%

Arterial hypertension 3 4%

Indeterminate 1 1%

Others 8 11%

Ischemic (n = 65)

Arteriopathies 19 29%

Heart disease 16 25%

Malignancy 5 8%

Sickle cell anemia 5 8%

Hereditary thrombophilia 3 5%

Acquired thrombophilia 2 3%

Rheumatologic disease 2 3%

Inborn errors of metabolism 1 2%

Indeterminate 12 18%

(Continued)
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4 Discussion

To our knowledge, this study represents one of the largest cohorts 
of pediatric stroke patients aged 2 to 18 years in Latin America and 
Colombia to date, and it is the only one presenting data on quality 
indicator times. Table 5 summarizes some of the previously published 
series worldwide. Consistent with previous reports in pediatric stroke 
(3) our study observed a male predominance, with 54% of the patients 
being male, highlighting an unexplained gender discrepancy. 
Hemorrhagic strokes were more prevalent in our series than reported 
in the pediatric literature, where they account for approximately 50% 
of cases (3), and in the adult literature, where they account for around 
20%. In our study, hemorrhagic strokes constituted 61.9% of the 
cases. Mixed stroke, a rare entity, was seen in 9% of cases, 
characterized by the coexistence of ischemic and hemorrhagic 
cerebrovascular disease. Figure  1 depicts images from our series 

illustrating different types of strokes, including a case of mixed stroke 
(Figures 1B,C) presenting with an infarction in the right posterior 
cerebral artery territory and an intraparenchymal hematoma in the 
right parietal lobe.

Few studies have described TIA in a pediatric population. In 
our sample, there were no reports of TIA. In the literature, we found 
series in which no cases of TIA were recorded (10–12), as in ours, 
and series in which they were excluded due to difficulties in 
confirming the diagnosis (13, 14). Moreover, deVeber et al. (14) 
found in their series that following the initial stroke event, 12.6% of 
children experienced recurrent AIS or TIA. In a 3-year sample of 
more than 500 children hospitalized with a primary diagnosis of 
TIA, Adil et al. (15) found that 4.2% of the children with TIA had a 
secondary diagnosis of stroke within the same hospitalization. The 
recurrence rate of stroke after a transient ischemic attack is not 
negligible, so it should also be considered in pediatric patients for 

FIGURE 1

Case examples illustrating different types of stroke. Patient 1: Cranial CT (A) shows an intraparenchymal hemorrhage in the left frontal lobe with 
intraventricular drainage. Patient 2: Presented with a mixed stroke. In b1000 images (B), areas of diffusion restriction are visible, involving the right 
posterior cerebral artery territory. T2 images (C) show an intraparenchymal hematoma in the right parietal lobe. Patient 3: FLAIR images (D) show 
hyperintense areas involving the right basal ganglia and frontal lobes. Patient 4: cerebral venous thrombosis: FLAIR images show thrombosis of the left 
transverse sinus (E) and a venous cortical infarct in the left cerebral hemisphere (F).

Sinovenous thrombosis (n = 7)

Malignancy 3 43%

Infection 1 14%

Hematological disorders 1 14%

Indeterminate 2 29%

For stroke etiology, the ‘n’ in hemorrhagic and ischemic stroke includes mixed cases.

TABLE 1 (Continued)
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TABLE 2 Characteristics of different types of strokes.

Hemorrhagic 
(n = 64)

Ischemic (n = 53) Mixed (n = 12) Cerebral venous 
thrombosis (n = 7)

Clinical features

Clinical 

manifestations at 

admission (n, %)

Altered state of 

consciousness 43 67% 16 30% 8 67% 1 14%

Headache 40 63% 19 36% 4 33% 5 71%

Hemiparesis 9 14% 28 53% 5 42% 2 29%

Nausea or vomiting 25 39% 8 15% 2 17% 3 43%

Seizures 18 28% 14 26% 0 0% 3 43%

Language disturbance 8 13% 18 34% 2 17% 0 0%

Gait disturbance 3 5% 5 9% 1 8% 0 0%

Abnormal movements 1 2% 2 4% 0 0% 1 14%

Neck pain 0 0% 1 2% 0 0% 1 14%

Visual disturbances 0 0% 2 4% 0 0% 0 0%

Behavioral changes 2 3% 0 0% 0 0% 0 0%

Ataxia, vertigo, 

coordination 

disturbance 0 0% 1 2% 0 0% 0 0%

None 1 2% 0 0% 0 0% 0 0%

Others 16 25% 21 40% 4 33% 2 29%

Previous 

Comorbidities (n, %)

None 41 64% 24 45% 1 8% 4 57%

Cardiopathy 5 8% 12 23% 6 50% 0 0%

Hemoglobinopathy 4 6% 4 8% 2 17% 0 0%

Neoplasia 1 2% 3 6% 2 17% 3 43%

Previous stroke 2 3% 5 9% 1 8% 0 0%

Intracranial tumor 1 2% 1 2% 0 0% 0 0%

Thyroid disease 0 0% 2 4% 0 0% 0 0%

Arterial Hypertension 0 0% 1 2% 0 0% 0 0%

Autoinmune disease 0 0% 1 2% 0 0% 0 0%

Diabetes 0 0% 1 2% 0 0% 0 0%

Others 15 23% 15 28% 1 8% 0 0%

Systemic disease at 

admission (n, %)

None 44 69% 25 47% 4 33% 3 43%

Sepsis 9 14% 7 13% 4 33% 1 14%

Infection without sepsis 5 8% 7 13% 0 0% 1 14%

Vaso-occlusive crisis 4 6% 2 4% 1 8% 0 0%

Shock 0 0% 4 8% 2 17% 0 0%

Acute heart failure 1 2% 1 2% 2 17% 0 0%

Hypoxia Cardiac Arrest 0 0% 2 4% 0 0% 0 0%

Trauma 0 0% 1 2% 0 0% 0 0%

Others 10 16% 17 32% 8 67% 2 29%

Inhospital management

Acute treatment  

(n, %)

Medical management 32 50% 53 100% 10 83% 7 100%

Haematoma drainage 11 17% NA 1 8% NA

Another surgery 10 16% NA 1 8% NA

Embolization 11 17% 0% 0 0% NA

(Continued)
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appropriate studies and secondary prevention when necessary. It is 
important to consider the diagnosis of TIA and to inquire about 
these types of symptoms, as more common etiologies are often 
considered first. When TIA is not thought of, it is not reported by 
the family and is not diagnosed by physicians. This highlights the 
importance of training pediatricians and emergency physicians to 
recognize and report TIA symptoms.

In contrast to the evidence observed in the adult population, the 
predominant clinical manifestations of pediatric hemorrhagic stroke 
typically do not present as focal neurological signs, which can make 
identification challenging (3). Our findings align with those of similar 
series, indicating that decreased level of consciousness and headache 
were the most prevalent symptoms, each presenting in half of the 
patients (10, 14). Hemiparesis and language alterations were the most 

TABLE 2 (Continued)

Hemorrhagic 
(n = 64)

Ischemic (n = 53) Mixed (n = 12) Cerebral venous 
thrombosis (n = 7)

Intrahospital 

anticoagulation  

(n, %)

Yes 7 11% 13 25% 9 75% 7 100%

No 56 88% 38 72% 2 17% 0 0%

No information 1 2% 2 4% 1 8% 0 0%

Intrahospital 

antiplatelet therapy 

(n, %)

Yes 2 3% 16 30% 1 8% 1 14%

No 61 95% 35 66% 10 83% 6 86%

No information 1 2% 2 4% 1 8% 0 0%

Decompressive 

craniectomy (n, %)

Yes 57 89% 1 2% 1 8% 0 0%

No 7 11% 52 98% 11 92% 7 100%

Endotracheal 

intubation (n, %)

Yes 43 67% 12 23% 4 33% 1 14%

No 21 33% 41 77% 8 67% 6 86%

Functional outcomes

mRs at discharge (n, 

%)

0 13 20% 4 8% 0 0% 3 43%

1 12 19% 10 19% 0 0% 2 29%

2 5 8% 12 23% 2 17% 2 29%

3 3 5% 9 17% 3 25% 0 0%

4 5 8% 10 19% 2 17% 0 0%

5 6 9% 5 9% 0 0% 0 0%

6 20 31% 3 6% 5 42% 0 0%

FIGURE 2

Modified Rankin Scale Scores at discharge. The distribution showed that compared with ischemic stroke, hemorrhagic stroke had a similar rate of 
favorable functional outcome and was associated with a higher mortality. Favorable: mRs 0–2, Unfavorable mRs 3–5, Death mRs 6.
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common focal neurological symptoms, observed in 32 and 21% of 
cases, respectively, consistent with previous reports (12). Furthermore, 
seizures were present in 26% of cases, consistent with reported rates 
in the literature ranging from 15 to 25% (9).

In our study, approximately half of the patients (66/134) had at 
least one risk factor, with the most common being heart disease, 
followed by hemoglobinopathies and malignancy. This finding aligns 
with existing evidence suggesting that the development of stroke in 
childhood is influenced by multiple factors. These factors include a 
combination of inherited risk factors that predispose children to 
stroke and acquired factors that can precipitate a stroke occurrence 
(3). Hereditary risk factors encompass congenital heart disease, 
collagen disorders, and genetic thrombophilias, while acquired risk 
factors include infection, head and neck trauma, and radiation therapy 
for brain and head and neck cancers (7). A previous series in Colombia 
(16) emphasized the importance of neoplasms such as leukemias and 
coagulation disorders like hemophilia A among preadolescents 
and adolescents.

It is important to note that our study population originates from 
a high-complexity hospital, which leads to a higher prevalence of 
complex pathologies. Classic risk factors documented in adulthood, 
such as hypertension and diabetes mellitus, were less prevalent in our 
pediatric cohort, with only one patient presenting with arterial 
hypertension and one with diabetes mellitus. Notably, 51% of the 
children in our series had no previous comorbidity, which is a higher 
proportion compared to what has been reported in the literature (10).

Currently, hospitals in Colombia, particularly in the context of 
pediatric care, lack standardized protocols for pediatric stroke code 
management, unlike the established protocols for adults that facilitate 
prompt diagnosis and treatment following quality indicator of care. In 
our center we have developed a stroke code for children that was 
unfortunately implanted after our study (in 2022); mainly it is protocol 
for modifice nuclear magnetic resonance to prioritize specific 
sequences to complete the MRI in 13 min. It was developed after 
noticing an increase in stroke cases that had a delayed diagnosis. After 
the implementation of the MRI protocol we have observed an improve 
time to diagnostic imagen, but we will need a comparative study to 
document the real changes. Literature reports indicate this same 
significant delays, with a median time of over 20 h from symptom 
onset to diagnosis (17). These delays stem from challenges in 
distinguishing stroke from more common mimics in pediatric patients 
(18). Recognizing the critical importance of early diagnosis in 
initiating management and rehabilitation, attention must be given to 
the door-to-image time, which refers to the minutes from emergency 
department admission to the first diagnostic neuroimaging.

In adults, the ideal door-to-image time is less than 20 min (19, 
20). A study conducted in Cali, Colombia (21) reported a median 
door-to-image time of 30 min for urban patients and 20 min for rural 
patients, significantly shorter than typically reported times in pediatric 
stroke code management. However, in our study, the median door-to-
image time was 123 min (IQR 29–351). This exceeds the goal time of 
60 min advocated in the literature for pediatric stroke, but aligns with 
findings from other studies on delayed diagnosis of pediatric stroke 
(17, 22).

For instance, Mallick et al. (17) reported a median door-to-image 
time of 253 min for arterial ischemic stroke and 72 min for 
hemorrhagic strokes, highlighting a significant delay in diagnosis 
particularly in ischemic stroke cases, which often present with more 
severe features. These delays pose challenges in selecting timely 
patient management strategies. Addressing these delays through 
standardized protocols and increased awareness is crucial to 
improving outcomes in pediatric stroke care. This issue is further 

TABLE 3 Comparison of characteristics between groups of out-of-
hospital and in-hospital stroke.

Characteristic Out-of-
hospital 
stroke 

(n = 89, 
65%)

In-hospital 
stroke 

(n = 47, 
35%)

p value

Sex, females (n, %) 41 (46%) 21 (45%) 1

Age, years (median, IQR) 11 (7–14) 8 (4–12) 0.014

At least one previous 

comorbidity (n, %) 31 (35%) 35 (75%)
<0.001

At least one systemic 

disease at admission  

(n, %) 16 (18%) 44 (94%)

<0.001

Type of stroke

Hemorrhagic (n, %) 46 (72%) 18 (28%)

0.381

Ischemic (n, %) 33 (62%) 20 (38%)

Mixed (n, %) 6 (50%) 6 (50%)

Cerebral venous 

thrombosis (n, %) 4 (57%) 3 (43%)

In-hospital stay

Days in ICU (median, 

IQR) 4 (2–7) 12 (4–20)
<0.001

Days in hospitalization 

(median, IQR) 10 (7–17) 28 (12–46)
<0.001

At least one stroke 

sequelae (n, %) 67 (75%) 42 (89%)
0.070

mRs at discharge

Favorable, 0–2 (n, %) 52 (58%) 13 (28%)

<0.001Unfavorable, 3–5 (n, %) 29 (33%) 14 (30%)

Death, 6 (n, %) 8 (9%) 20 (43%)

IQR, interquartile range; ICU, Intensive care unit; mRs, modified Rankin scale. Bold 
indicates statistical significance under the two-sided p < 0.05 assumption.

TABLE 4 Predictors associated with mortality among pediatric patients 
with stroke.

Characteristic OR IC 95% p value

Age, years 1.04 0.91–1.21 0.56

Sex, male 2.41 0.71–9.33 0.17

At least one previous 

comorbidity
0.59 0.13–2.20 0.45

At least one systemic disease 

at admission
2.10 0.22–15.75 0.48

Place of the event, in-

hospital
14.32 1.81–167.25 0.01

Type of stroke, hemorrhagic 23.57 5.27–153.72 <0.001

IQR, interquartile range; ICU, Intensive care unit; mRs, modified Rankin scale. Bold 
indicates statistical significance under the two-sided p < 0.05 assumption.
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TABLE 5 Summary of previously published series.

Year Country Years Number of 
patients

Age Results

Colombia

Factors related to the 

presentation of 

cerebrovascular attacks in 

children

2008 Colombia 2001–2003 65 1 month- 18y

The more compromised age group 

was infants (44,7%). The 

predominant symptom was 

convulsions (60%). 56,9% of all 

cases were ischemic events. The 

most common cause was infectious 

(20% of the cases), with a similar 

frequency for those who were 

registered as unknown cause. 

Mortality was 21,9%.

Characterization of 

hemorrhagic stroke in the 

pediatric population 

greater than 1 month of 

age in a high complexity 

hospital in Bogotá City, 

Colombia, from 2012 to 

2017

2020 Colombia 2012–2017 55 1 month- 18y

Most patients were between 

9–14 years. Intraparenchymal 

hematoma was the most frequent 

tomographic finding and 

hematologic causes such as 

leukemia, hemophilia and other 

bleeding and coagulation disorders 

were 40% of the etiology of the 

events. The mortality was 38% and 

the severe disability 12.8%.

Latin America

Morbidity and mortality 

from strokes in a pediatric 

intensive care unit

2021 Cuba 2016–2019 45 28 days- 18y

55.5% were over 15 years old. 

Hemorrhagic cerebrovascular 

accidents were 84.4%. Conservative 

medical behavior in 62.2%. The CT 

(93.3%) was the most used image 

technique. Cranioencephalic 

traumas represented 44.4%. 

Mortality for years was 37.7%.

Cerebrovascular accident 

in a pediatric intensive 

care unit.

2020 Argentina 2008–2019 84 1 month- 18y

70.24% had hemorrhagic and 

29.76% ischemic stroke. 60.71% 

were boys. The median time 

between symptom onset and 

admission to the PICU was 1 day in 

both groups. The mortality rate was 

17.85%.

Stroke and severe 

disability at discharge in a 

pediatric population 

hospitalized during the 

period 2004–2016 in a 

Peruvian reference center

2018 Peru 2004–2016 140 1 month-18y

More frequent in infants (33.6%) 

and the male group (67.9%). 

Intracerebral hemorrhage was the 

principal type of stroke (43%). 

Severe disability according to 

PSOM scale was 32.2%.

Cerebrovascular disease 

in childhood. Case series
2015 Argentina 2009–2014 18 1 month-15y

Predominance of male patients and 

the median age of 5 years. Main 

clinical features: hemiparesis, 

seizures, headache, vomiting and 

sensory impairment. Most frequent 

type was ischemic, and the middle 

cerebral artery territory was the 

most involved. Twelve patients had 

no sequelae.

(Continued)
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underscored by the lack of standardization in neuroimaging protocols; 
in our series, initial imaging was a brain CT scan in 65% (89/136) of 
cases. Nowadays, it is recognized that performing a brain MRI with 
specific stroke sequences is preferable for these patients.

Among the etiologies found in our patients, the most frequent 
cause of hemorrhagic stroke was vascular malformations followed by 
coagulopathies and vasculitis. These findings are consistent with other 
pediatric series, which also report that intracranial vascular 

abnormalities are the most common etiology (2). In ischemic stroke 
patients, arteriopathies were the most common cause in 28% of 
patients, followed by cardiac diseases and neoplasms. This pattern 
aligns with the findings of the International Pediatric Stroke Study 
(23), which included approximately 676 patients and identified 
arteriopathies and cardiac diseases as the two leading etiologies, 
similar to our cohort. In that study, infections were the third most 
common cause, whereas in our cohort, neoplasms were the third most 

TABLE 5 (Continued)

Year Country Years Number of 
patients

Age Results

Worldwide

Pediatric stroke in the 

northern Spanish region 

of Aragon: incidence, 

clinical characteristics, 

and outcomes

2021 Spain 2008–2019 21 0-15y

The mean age was 9.3 years. 8 

ischemic and 13 hemorrhagic 

strokes. There were statistically 

significant differences found 

between ischemic and hemorrhagic 

strokes only in the chief complaint. 

None of the patients with ischemic 

stroke received reperfusion 

therapies. 42.1% had mRs > 2 at 

12 months. Motor deficits were the 

most common sequela.

Pediatric Stroke Rates 

over 17 Years: Report 

from a Population- Based 

Study

2018 US

July 1, 1993–June 

30, 1994, and 

calendar years 

1999, 2005, and 

2010

70 0-20y

Ischemic stroke predominated with 

41 events (58.6%) compared with 

27 hemorrhagic strokes (38.6%); 2 

strokes were coded as unknown. 

Eleven children died within 30 days, 

yielding an all-cause case fatality 

rate of 15.7%. The pediatric stroke 

rate of 4.4 per 100.00 in the GCNK 

study region has not changed over 

17 years.

Epidemiology and 

Outcomes of Arterial 

Ischemic Stroke in 

Children: The Canadian 

Pediatric Ischemic Stroke 

Registry

2017 Canada
January 1992 to 

December 2001
933 0-18y

National population-based study. 

232 neonates, 701 older children, 

55% male. The incidence was 

1.72/100,000/year. Predominant 

clinical presentations were seizures 

in neonates (88%), focal deficits in 

older children (77%), and diffuse 

neurological signs (54%) in both. 

Neurological deficits in 60% of 

neonates and 70% of older children.

Cerebrovascular disease 

in childhood: a 

retrospective analysis of 

hospital admissions in a 

tertiary hospital in the 

community of Valencia in 

the last 10 years

2011 Spain 2000–2010 76 1 month-14y

44.7% had an ischemic stroke and 

55.3% had a hemorrhagic one. The 

average age of presentation was 

6.8 years. Headache was the most 

frequent symptom of presentation. 

The most frequent risk factor was 

vascular malformations in 

hemorrhagic cerebral stroke, and 

vascular and cardiac disorders in 

ischemic stroke.17% of the patients 

died.
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frequent (23). Regarding cerebral venous thrombosis, the primary 
cause was cancer, accounting for 43% of the cases. This finding is 
consistent with findings in both adult and pediatric populations.

Reperfusion therapies are less common in the pediatric population 
compared to adults, primarily due to delayed diagnosis in conditions 
where treatment efficacy is time-sensitive. In our series no one of the 
patients received intravenous thrombolysis primary due to delayed 
diagnosis: which was attributed either to a lack of symptom 
recognition at home or the initial misattribution of the neurological 
deficit to other etiologies. Additionally, thrombolytic medications are 
not approved for use in patients under 18 years old by the National 
Institute for Food and Drug Surveillance (INVIMA) in Colombia 
Intravenous thrombolysis, would be appropriate for children over 
2 years old by the Australian Clinical Consensus Guideline in 2019 
(24). However, its use remains limited in practice. Mechanical 
thrombectomy, which can benefit children with large vessel occlusion, 
is another reperfusion therapy option. Nevertheless, its application is 
constrained by significant inflammation often associated with the 
underlying pathogenesis, and the availability of appropriately sized 
stents is limited in many medical centers (25). In our series, no 
patients received reperfusion therapy due to delayed diagnosis and the 
absence of suitable thrombectomy devices. This underscores the 
critical need for improved protocols and resources to facilitate timely 
intervention and optimize outcomes for pediatric stroke patients.

We observed prolonged hospital and ICU stays, particularly 
among patients who experienced an in-hospital stroke event. The 
median hospital stay was 28 days (IQR 12–46), and the ICU stay was 
12 days (IQR 4–20). In contrast, patients with out-of-hospital stroke 
had a median hospital stay of 10 days (IQR 7–17) and ICU stay of 
4 days (IQR 2–7) (Table 3). Comparatively, adult patients in national 
series typically have shorter hospitalizations, averaging around 6 days, 
with ICU stays averaging 3 days. These differences can be attributed 
to the complexities associated with cerebrovascular events in children, 
including delays in diagnosis, treatment, and subsequent 
complications (1,4) to date, there is limited literature evaluating 
hospital and ICU stays specifically in children with stroke.

Currently, there is no widely adopted measure for assessing 
outcomes in childhood stroke, unlike the standardized stroke-specific 
measures developed for adults, such as the modified Rankin Scale. As 
a result, assessments in pediatric stroke often rely on 
approximations (26).

Despite efforts to develop tools for assessing stroke outcomes in 
children, such as the Pediatric Stroke Outcome Measure (PSOM), 
these tools have not achieved widespread use either clinically or in 
research globally (26). The PSOM, developed in 1994 at the Stroke 
Clinic of the Hospital for Sick Children in Toronto, Canada (26, 27), 
is a validated, disease-specific tool designed to assess neurological 
recovery in pediatric stroke patients. It includes a structured 
examination of 115 items across five subscales—right and left 
sensorimotor, language production and comprehension, and 
cognitive/behavioral function—providing a total score from 0 (no 
deficit) to 10 (maximum deficit) (27). However, only one study in the 
reviewed literature reported using the PSOM, underscoring its limited 
adoption and lack of standardization compared to the more widely 
used modified Rankin Scale (mRS) in adults. Consequently, we opted 
to use the mRS in this study.

It is estimated that at least 50% of pediatric stroke patients 
experience long-term neurological complications (8, 9). In our series, 

53% of patients had an unfavorable outcome (mRS > 2 at discharge) 
(Figure 2). These findings are consistent with other series, such as the 
study by Lambea-Gil et al. (10) in Spain, where 42.1% of patients had 
modified Rankin Scale scores >2 at 12 months. Survivors of pediatric 
stroke face a significant risk of enduring neurological sequelae, 
including hemiparesis, epilepsy, cognitive impairments, and recurrent 
stroke episodes. Motor and language impairments were the most 
common sequelae observed in our patients. Consequently, the 
economic costs associated with childhood stroke are greater than 
those in adults due to a more substantial loss of disability-free life 
years (26).

The mortality rate in our study was 21%, which is comparable to 
rates reported in other series (16). Within our cohort, 71% (20/28) of 
deaths occurred in children with hemorrhagic stroke, even when 
adjusting for other variables, type of stroke has a significant relation 
to this outcome, consistent with previous data indicating that 64–74% 
of stroke-related deaths are attributed to hemorrhagic stroke (28, 29). 
Moreover, we  found a statistically significant association between 
mortality and stroke onset location even adjusting for characteristics 
such as previous comorbidities and systemic diseases at admission. 
The lack of precision in the confidence intervals may be due to the 
small sample size, which can also result in an overestimation of the 
effect in the point estimates. However, supported by what the literature 
indicates, these variables have been associated with higher mortality, 
although the effect’s magnitude might be smaller.

A survey conducted among physicians at 50 pediatric hospitals 
across the United  States aimed to assess the prevalence of stroke 
protocols and analyze the diagnostic and treatment components used, 
to identify areas of consensus (30). The findings indicated that the vast 
majority (92%) of pediatric hospitals have implemented stroke 
protocols to assist in diagnosis and treatment. However, there is still a 
notable lack of consensus regarding the details of these protocols, 
particularly concerning prehospital procedures, screening tools, and 
communication methods.

Drawing from the insights gained through our study, we are actively 
working to organize and raise awareness about the importance of 
establishing stroke code protocols for pediatric patients. By forming 
multidisciplinary teams and leveraging existing resources and networks 
designed for adult stroke care, we aim to enhance early detection and 
management of pediatric stroke. This initiative is crucial for improving 
patient outcomes and ensuring that children experiencing strokes receive 
timely and appropriate medical interventions. While there are already 
standardized protocols for adults, it is important to recognize that these 
cannot be implemented as-is for children. Therefore, understanding the 
specific characteristics of pediatric strokes is essential.

4.1 Strengths and limitations

The strengths of this study lie primarily in its position as a 
reference center for pediatric stroke in the southwestern region of 
Colombia, offering a substantial patient volume and access to 
advanced diagnostic imaging and treatment modalities. The inclusion 
of patients spanning over a decade was facilitated by the availability of 
digitized medical records dating back to 2011.

However, this research has several limitations that must 
be  considered. Firstly, it is a retrospective, observational study 
conducted at a single center, which inherently limits the 
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generalizability of its findings to broader populations. The rarity of 
pediatric stroke and the relatively small sample size further restrict the 
ability to conduct robust comparative analyses. Additionally, the 
clinical records often lacked standardized and detailed information, 
resulting in some data loss. There were also potential coding errors 
that might have affected the inclusion or exclusion of certain cases.

We did not include door-to-imaging time for in-hospital stroke 
patients due to the difficulty in determining the exact activation time. 
While door-to-imaging time is a useful quality indicator for measuring 
the time from suspicion of an acute neurovascular event to obtaining 
an initial image, which aids in ruling out other conditions aside from 
ischemic stroke, our study did not precisely measure the interval 
between clinical suspicion and confirmatory diagnostic imaging. This 
limitation is particularly relevant in pediatric cases, and 
we acknowledge the need to address this in future research.

Moreover, the study noted limited use of semi-quantitative clinical 
scales (such as mRS, PedNIHSS) and radiological scales (like 
ASPECTS) during initial evaluations and follow-ups of patients. The 
documentation of Rankin scale scores at discharge was not consistently 
recorded in the clinical records, requiring extrapolation from the last 
available clinical examination conducted during hospitalization.

These limitations underscore the need for caution when 
interpreting the findings and highlight areas for improvement in future 
studies, including the implementation of standardized data collection 
methods and more comprehensive use of clinical assessment tools.

5 Conclusion

We have uncovered significant gaps in the epidemiology and 
quality indicators of pediatric stroke care, particularly when compared 
to protocols established for adult stroke. The prevalence of in-hospital 
strokes underscores the urgency for enhanced staff training aimed at 
facilitating earlier detection and prompt management. Moreover, 
transient ischemic attacks in children often go undetected by both 
healthcare providers and families, highlighting the need for educational 
campaigns targeting both professionals and the general public. Our 
median door-to-image time of 123 min exceeds the recommended 
60 min for pediatric stroke and falls roughly in the middle of the times 
reported in international studies, which range from 72 to 253 min for 
pediatric cases, though it remains longer than the adult benchmark of 
less than 20 min.

Moving forward, there is a pressing need for the development and 
widespread implementation of standardized protocols for pediatric 
stroke management, such as a dedicated ‘Pediatric Code Stroke.’ These 
protocols would facilitate faster diagnosis and treatment initiation across 
healthcare systems, ensuring timely care for pediatric stroke patients. 
Furthermore, future prospective studies using comprehensive assessment 
tools, like the PEDNIHSS (Pediatric National Institutes of Health Stroke 
Scale), are necessary to generate more robust, generalizable data on 
pediatric stroke outcomes. These initiatives are vital not only for 
improving care at an institutional level but for enhancing outcomes and 
shaping clinical guidelines globally for children affected by stroke.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Comité de Ética 
en Investigación Biomédica IRB, Fundación Valle del Lili, Cali, 
Colombia. The studies were conducted in accordance with the local 
legislation and institutional requirements. Written informed consent 
for participation was not required from the participants or the 
participants’ legal guardians/next of kin in accordance with the 
national legislation and institutional requirements.

Author contributions

VV-C: Conceptualization, Data curation, Investigation, 
Methodology, Writing – original draft, Writing – review & editing. NL-L: 
Data curation, Writing – original draft, Writing – review & editing. 
MG-A: Data curation, Formal analysis, Methodology, Writing – original 
draft. CA-I: Conceptualization, Data curation, Writing – original draft. 
JR: Conceptualization, Data curation, Writing – review & editing. AG-S: 
Writing – review & editing. JM: Writing – review & editing. LG-B: 
Conceptualization, Methodology, Writing – review & editing. SC-Z: 
Writing – review & editing. JG-C: Writing – review & editing. RL: 
Writing – review & editing. LR-M: Writing – review & editing, Data 
curation. JC-V: Writing – review & editing, Data curation. PB-L: 
Conceptualization, Writing – review & editing. PA: Conceptualization, 
Methodology, Supervision, 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.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fneur.2024.1456134/
full#supplementary-material

https://doi.org/10.3389/fneur.2024.1456134
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fneur.2024.1456134/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneur.2024.1456134/full#supplementary-material


Valencia-Cifuentes et al. 10.3389/fneur.2024.1456134

Frontiers in Neurology 13 frontiersin.org

References
 1. Malone LA, Felling RJ. Pediatric stroke: Unique implications of the immature brain 

on injury and recovery. Pediatr Neurol. (2020) 102:3–9. doi: 10.1016/j.
pediatrneurol.2019.06.016

 2. Freundlich CL, Cervantes-Arslanian AM, Dorfman DH. Pediatric stroke. Emerg 
Med Clin North Am. (2012) 30:805–28. doi: 10.1016/j.emc.2012.05.005

 3. Sporns PB, Fullerton HJ, Lee S, Kim H, Lo WD, Mackay MT, et al. Childhood 
stroke. Nat Rev Dis Primers. (2022) 8:337. doi: 10.1038/s41572-022-00337-x

 4. Rawanduzy CA, Earl E, Mayer G, Lucke-Wold B. Pediatric stroke: a review of 
common etiologies and management strategies. Biomedicines. (2023) 11:10002. doi: 
10.3390/biomedicines11010002

 5. Bernson-Leung ME, Rivkin MJ. Stroke in neonates and children education gaps 
(2019). Available at: http://pedsinreview.aappublications.org/ (Accessed June 20, 2024).

 6. Fullerton HJ, Wu YW, Zhao S, Johnstonn SC. Risk of stroke in children: Ethnic and 
gender disparities. Neurology. (2003) 61:189–94. doi: 10.1212/01.
WNL.0000078894.79866.95

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

 8. Krishnamurthi RV, Deveber G, Feigin VL, Barker-Collo S, Fullerton H, Mackay 
MT, et al. Stroke prevalence, mortality and disability-adjusted life years in children and 
youth aged 0-19 years: data from the global and regional burden of stroke 2013. 
Neuroepidemiology. (2015) 45:177–89. doi: 10.1159/000441087

 9. Ferriero DM, Fullerton HJ, Bernard TJ, Billinghurst L, Daniels SR, Debaun MR, 
et al. Management of stroke in neonates and children: a scientific statement from the 
American Heart Association/American stroke association. Stroke. (2019) 50:E51–96. 
doi: 10.1161/STR.0000000000000183

 10. Lambea G, Martínez-De-Morentín-Narvarcorena AL, Tejada-Meza H, Zapatero-
González D, Madurga-Revilla P, Bestué-Cardiel M. Pediatric stroke in a northern 
Spanish region: epidemiology, clinical characteristics and outcomes. Neurologia. (2022) 
39:474–85. doi: 10.1016/j.nrleng.2021.10.004

 11. Graziano AP, Sancilio A, Bugalter M, Barbosa W, Rodríguez F, Montali C, et al. 
Cerebrovascular disease in childhood. Case Series Arch Argent Pediatr. (2016) 114:e5–8. 
doi: 10.5546/aap.2016.e5

 12. Matienzo L, Stefanie L. Accidente cerebrovascular y discapacidad severa al alta en 
población pediátrica hospitalizada durante el periodo 2004-2016 en un centro de 
referencia peruano. Universidad Peruana de Ciencias Aplicadas (UPC) (2018).

 13. Muñoz-Suarez D, Moreno-García S, Faber Pelaez O, Arias-Guatibonza J, Martínez-
López C, Hugo BV. Caracterización de los casos de ACV hemorrágico en la población 
pediátrica mayor de 1 mes en un hospital pediátrico de alta complejidad en la ciudad de 
Bogotá, Colombia durante los años 2012 a 2017. Rev Chilena Neuro. (2020) 46:75–82. 
doi: 10.36593/revchilneurocir.v46i2.225

 14. deVeber GA, Kirton A, Booth FA, Yager JY, Wirrell EC, Wood E, et al. 
Epidemiology and outcomes of arterial ischemic stroke in children: the Canadian 
pediatric ischemic stroke registry. Pediatr Neurol. (2017) 69:58–70. doi: 10.1016/j.
pediatrneurol.2017.01.016

 15. Adil MM, Qureshi AI, Beslow LA, Jordan LC. Transient ischemic attack requiring 
hospitalization of children in the United States kids’ inpatient database 2003 to 2009. 

Vol. 45, Stroke. Lippincott Williams and Wilkins; (2014). p. 887–888. doi: 10.1161/
STROKEAHA.113.004526

 16. María A, Daccarett U. Factores relacionados con presentación de ataques 
cerebrovasculares en niños. MedUNAB. (2007) 11, 6–10.

 17. Mallick AA, Ganesan V, Kirkham FJ, Fallon P, Hedderly T, McShane T, et al. 
Diagnostic delays in paediatric stroke. J Neurol Neurosurg Psychiatry. (2015) 86:917–21. 
doi: 10.1136/jnnp-2014-309188

 18. Surtees TL, Pearson R, Harrar DB, Lee S, Amlie-Lefond CM, Guilliams KP. Acute 
Hospital Management of Pediatric Stroke. Semin Pediatr Neurol. (2022) 43:100990. doi: 
10.1016/j.spen.2022.100990

 19. NICE Guidelines. National Clinical Guideline for Stroker United Kingdom and 
Ireland. Intercollegiate Stroke Working Party (2023).

 20. Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC, Becker K, 
et al. Guidelines for the early Management of Patients with acute ischemic stroke: 2019 
update to the 2018 guidelines for the early Management of Acute Ischemic Stroke: a 
guideline for healthcare professionals from the American heart association/American 
stroke association. Stroke. 50:2019, e344–e418. doi: 10.1161/STR.0000000000000211

 21. Llanos-Leyton N, Pardo C, Pinilla-Monsalve GD, Arango A, Valderrama J, 
Pugliese I, et al. Disparities influencing functional outcomes between rural and urban 
patients with acute stroke. Front Neurol. (2022) 13:13. doi: 10.3389/fneur.2022.869772

 22. Gabis LV, Yangala R, Lenn NJ. Time lag to diagnosis of stroke in children 
[internet]. Pediatrics. (2002) 110:924–8. doi: 10.1542/peds.110.5.924

 23. MacKay MT, Wiznitzer M, Benedict SL, Lee KJ, Deveber GA, Ganesan V. Arterial 
ischemic stroke risk factors: the international pediatric stroke study. Ann Neurol. (2011) 
69:130–40. doi: 10.1002/ana.22224

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

 25. Ndondo AP, Hammond CK. Management of Pediatric Stroke - challenges and 
perspectives from resource-limited settings. Semin Pediatr Neurol. (2022) 44:100996. 
doi: 10.1016/j.spen.2022.100996

 26. Greenham M, Gordon A, Anderson V, MacKay MT. Outcome in childhood stroke. 
Stroke. (2016) 47:1159–64. doi: 10.1161/STROKEAHA.115.011622

 27. Kitchen L, Westmacott R, Friefeld S, MacGregegor D, Curtis R, et al. The pediatric 
stroke outcome measure: a validation and Realiability study. 43, Stroke. Lippincott 
Williams and Wilkins; (2012) p 1602–1608. doi: 10.1161/STROKEAHA.111.639583

 28. Lo W, Zamel K, Ponnappa K, Allen A, Chisolm D, Tang M, et al. The cost of 
pediatric stroke care and rehabilitation. Stroke. (2008) 39:161–5. doi: 10.1161/
STROKEAHA.107.497420

 29. Lehman LL, Khoury JC, Taylor JM, Yeramaneni S, Sucharew H, Alwell K, et al. 
Pediatric stroke rates over 17 years: report from a population-based study. J Child 
Neurol. (2018) 33:463–7. doi: 10.1177/0883073818767039

 30. Gandhi SK, Mckinney JS, Sedjro JE, Cosgrove NM, Cabrera J, Kostis JB. Temporal 
trends in incidence and long-term case fatality of stroke among children from 1994 to 
2007. Neurology. (2012) 78:1923–9. doi: 10.1212/WNL.0b013e318259e25c

https://doi.org/10.3389/fneur.2024.1456134
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1016/j.pediatrneurol.2019.06.016
https://doi.org/10.1016/j.pediatrneurol.2019.06.016
https://doi.org/10.1016/j.emc.2012.05.005
https://doi.org/10.1038/s41572-022-00337-x
https://doi.org/10.3390/biomedicines11010002
http://pedsinreview.aappublications.org/
https://doi.org/10.1212/01.WNL.0000078894.79866.95
https://doi.org/10.1212/01.WNL.0000078894.79866.95
https://doi.org/10.1016/j.bcmd.2017.03.003
https://doi.org/10.1159/000441087
https://doi.org/10.1161/STR.0000000000000183
https://doi.org/10.1016/j.nrleng.2021.10.004
https://doi.org/10.5546/aap.2016.e5
https://doi.org/10.36593/revchilneurocir.v46i2.225
https://doi.org/10.1016/j.pediatrneurol.2017.01.016
https://doi.org/10.1016/j.pediatrneurol.2017.01.016
https://doi.org/10.1161/STROKEAHA.113.004526
https://doi.org/10.1161/STROKEAHA.113.004526
https://doi.org/10.1136/jnnp-2014-309188
https://doi.org/10.1016/j.spen.2022.100990
https://doi.org/10.1161/STR.0000000000000211
https://doi.org/10.3389/fneur.2022.869772
https://doi.org/10.1542/peds.110.5.924
https://doi.org/10.1002/ana.22224
https://doi.org/10.1177/1747493018799958
https://doi.org/10.1016/j.spen.2022.100996
https://doi.org/10.1161/STROKEAHA.115.011622
https://doi.org/10.1161/STROKEAHA.111.639583
https://doi.org/10.1161/STROKEAHA.107.497420
https://doi.org/10.1161/STROKEAHA.107.497420
https://doi.org/10.1177/0883073818767039
https://doi.org/10.1212/WNL.0b013e318259e25c

	Clinical characteristics and quality care indicators of pediatric stroke in a referral center of Colombia: eleven-year experience (pediastroke)
	1 Introduction
	2 Methods
	2.1 Study design and participants
	2.2 Data collection
	2.3 Statistical analysis

	3 Results
	3.1 Baseline characteristics
	3.2 Clinical features
	3.3 Type of stroke specific characteristics
	3.4 Diagnosis and treatment
	3.5 Outcomes

	4 Discussion
	4.1 Strengths and limitations

	5 Conclusion

	References

