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Abstract

Objective—Trauma and acute infection have been associated with stroke in adults, and are
prevalent exposures in children. We hypothesized that these environmental factors are
independently associated with childhood arterial ischemic stroke (AIS).

Methods—In a case-control study nested within a cohort of 2.5 million children (< 19 years old)
enrolled in an integrated health care plan (1993-2007), childhood AlS cases (n=126) were
identified from electronic records and confirmed through chart review. Age- and facility-matched
controls (n=378) were randomly selected from the cohort. Exposures were determined from
review of medical records prior to the stroke diagnosis, or the same date for the paired controls;
time windows were defined a priori.

Results—A medical encounter for head or neck trauma within the prior 12 weeks was an
independent risk factor for childhood AIS (odds ratio [OR] 7.5, 95% confidence interval [CI] 2.9,
19.3), present in 12% of cases (1.6% of controls). Median time from trauma to stroke was 0.5 days
(interquartile range 0, 2 days); post-hoc redefinition of trauma exposure (prior 1 week) was more
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strongly associated with AIS: OR 39 (95% CI 5.1, 298). A medical encounter for a minor acute
infection (prior 4 weeks) was also an independent risk factor (OR 4.6, 95% CI 2.6, 8.2), present in
33% of cases (13% of controls). No single infection type predominated. Only two cases had
exposure to trauma and infection.

Interpretation—Trauma and acute infection are common independent risk factors for childhood
AIS, and may be targets for stroke prevention strategies.

INTRODUCTION

METHODS

Setting

At least 2,400 U.S. children suffer an arterial ischemic stroke (AIS) each year,! with a mean
5-year direct cost of $130,000,2 yet their pathogenesis remains poorly understood. While
adult AIS is largely attributable to atherosclerotic risk factors, childhood AIS has been
linked to a variety of chronic conditions: congenital heart disease, hematological disorders,
and autoimmune diseases.3 4 However, the majority of children are healthy at the time of
their first AIS, suggesting other potential risk factors.3 Two environmental exposures are of
particular interest given their prevalence among children and association with adult stroke:
head/neck trauma and minor acute infections.5: ® Studies have demonstrated that minor
infections increase the risk of AIS in adults,> 7-12 particularly young adults, while influenza
vaccination reduces that risk.13: 14 Blunt injury to cervical or cerebral vessels can predispose
to AIS by causing arterial dissection; screening paradigms are being established to detect
such injury in adult trauma patients!®-21 and prevent stroke with antithrombotic
therapy.22-26 |f these environmental factors play a role in childhood AlS, opportunities for
primary stroke prevention in children may exist.

We hypothesized that recent head/neck trauma and acute infection are risk factors for
childhood AIS, independent of the conditions traditionally linked to this disease. We tested
this hypothesis with a population-based case-control study in a large Northern Californian
integrated health care plan with a well-defined population, high level of retention in the
system, and linkable electronic medical records.

This case-control study was nested within a retrospective population-based cohort
previously identified as part of the Kaiser Pediatric Stroke Study (KPSS). KPSS identified
all ischemic and hemorrhagic stroke cases within the cohort of children (<19 years of age)?’
enrolled in Kaiser Permanente Medical Care Program (KPMCP), 1/1993 through

12/2003.1: 28 For the current study, we added 29 non-neonatal AlS cases by extending the
study period through 12/2007; the final study cohort included 2.5 million children (Figure
1). We also identified matched controls. All study procedures were approved by the
institutional review boards at the KPMCP Division of Research and University of
California, San Francisco.

KPMCP is the largest nonprofit managed care organization in the country; its 16 hospitals
and 36 out-patient facilities provide care to approximately 30% of the population of
Northern California. Its members are demographically similar to the overall population of
California, except for underrepresentation of socioeconomic extremes.2? Study investigators
had access to all paper and electronic medical records, as well as electronic databases with
extensive, linkable data including demographics, inpatient and outpatient diagnoses, and
radiology reports. Because KPMCP functions as the insurer, care provided outside the
system is captured within both the electronic databases and traditional medical records as
part of the claims process.
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Case Ascertainment and Confirmation

KPSS case ascertainment methods have been published.l: 28 This report includes only
children with AIS aged 29 days through 19 years. In brief, potential cases were identified
through electronic searches of inpatient and outpatient databases for diagnoses suggestive of
stroke, and text string searches of radiology databases for brain imaging reports suggestive
of infarction.! Cases were confirmed through independent chart review by two neurologists
using pre-established clinical and radiographic criteria, with arbitration of disputes by a
third.28

Control Selection

For each case, three population-based controls were randomly selected from the remaining
cohort of 2.5 million stroke-free children (Figure 1), with pair-wise matching for birth year
and year of enrollment in the KPMCP system (to remove any potential cohort effect of
time), and primary care facility (to control for potential variability across KPMCP
hospitals).

Data Abstraction

A single pediatric RN-trained medical records analyst used a standardized protocol to
abstract data from all paper and electronic records. To prevent recall bias, all exposure
variables were restricted to those documented in the medical records priorto the stroke
diagnosis, or, for the controls, the “index date,” defined as the date of the stroke for that
control’s matched case. All exposure variables were defined a priori, unless otherwise
indicated. Risk factors were treated as absent (rather than missing) if the condition was not
documented.

Recent environmental exposures—*“Recent minor infection” was a documented
outpatient medical encounter for infectious illness within four weeks preceding the stroke/
index date; time windows for infectious exposure in adult stroke studies have varied from
one week to 20 months, but most were within four weeks.> & 11.12 Minor infectious
illnesses included acute fever attributed to infection by the treating physician, upper
respiratory tract infection, pneumonia, acute otitis media, pharyngitis, urinary tract infection,
and acute gastroenteritis. “Recent major infection” was a documented diagnosis of
meningitis or encephalitis within the prior four weeks or bacteremia/sepsis within the prior
one week; in the absence of data to define the time window at risk, these were defined a
priori by consensus opinion of the stroke neurologists on our team regarding the period
during which a stroke might be attributable to the infection. “Chicken pox” was a
documented primary varicella virus infection within one year prior.30: 31

“Head/neck trauma” was defined a priori as any medical encounter for head or neck trauma
that occurred within the prior 12 weeks; a broad time window was chosen because the
period of highest risk is not well defined in the literature. After analyzing the time from
trauma to stroke ictus among our cases, we created a post-hoc definition of trauma exposure
that narrowed the at-risk period to 1 week. We abstracted data on trauma mechanism, loss of
consciousness, and skull fractures. In some cases, trauma and stroke occurred on the same
day. In order to rule out the possibility of reverse causality (i.e., trauma caused by the
stroke), we examined the details of each trauma event to determine the likely direction of
causality.

Traditional pediatric stroke risk factors—We abstracted data on any past history of
the following disease categories that have been traditionally linked to pediatric AlS, and
created composite variables for each: “cardiac disease,” including congenital heart disease,
endocarditis, cardiomyopathy, and arrhythmia (excluding patent ductus arteriosus and patent
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foramen ovale); “hematologic disease,” primarily sickle cell disease and hematologic
malignancies (thrombophilias could not be assessed due to lack of data in the controls); and
“autoimmune disease.”

Data Analysis

To assess predictors of AlS, we calculated ORs and 95% Cls using conditional logistic
regression to account for pair-wise matching. We used univariate screening, with a p-value
cutoff of 0.20, to select variables for the multivariable model, and included sex since prior
literature suggests an association between gender and childhood AlS.32: 33 For collinear
variables, such as head/neck trauma and skull fracture, we included the more general
variable (e.g., head/neck trauma). For risk factors which could not be included in regression
models because they did not occur in controls, we used Cochran’s Q-test, a special case of
the Friedman test for use with binary data, in order to account for matching. We used the a
priori definition of head/neck trauma (12 week time window) in our primary analysis, and
the post hoc definition (1 week time window) in a sensitivity analysis.

To graphically display the temporal relationship between head/neck trauma and AlS, we
created a plot demonstrating the proportion of cases versus the entire (unmatched) cohort of
controls that had no trauma encounters in the 12 weeks preceding the AIS, or the index date
in the matched controls. For illustrative purposes only, we designed this plot to be analogous
to a Kaplan-Meier curve; “time 0” was defined as the date of stroke and duration as the time
measured from stroke (retrospectively) to preceding trauma. When a stroke and trauma
occurred on the same day, we set duration for the event at 0.5 days.

All analyses were conducted using Stata, v11 (College Station, TX).

We identified 126 incident cases of childhood AIS and 378 pair-matched controls (Figure
1). The strokes occurred at all ages (Figure 2A), with a median of 10.5 (IQR: 2.0, 17.1)
years. The cohort was ethnically diverse; 56% were boys (Table 1). Matching on facility had
the effect of matching on race (data not shown); hence, the relationship between race and
stroke could not be assessed.

Recent infection and head/neck trauma were risk factors for childhood AlS, and were more
prevalent in our cohort than the traditional pediatric AIS risk factors (Table 1). An out-
patient medical encounter for a minor acute infection increased a child’s risk of AIS more
than 4-fold. The most common infectious diagnoses among the cases were upper respiratory
tract infections (33%), other viral syndromes (26%), acute otitis media (19%), and acute
gastroenteritis (17%); no single type of infection predominated. Parents of children with
chronic diseases that are associated with AlS (i.e., autoimmune, hematologic, and cardiac
diseases) may have a lower threshold for seeking medical care for a minor infection.
However, after adjustment for these, minor acute infection remained an independent
predictor of childhood AIS (Table 2).

Ten percent of cases, versus 0% of controls, had a recent major acute infection: bacteremia/
sepsis (n=6) or meningitis/encephalitis (n=9). Of the meningitis/encephalitis diagnoses, four
were bacterial (Neisseria meningitidis, Streptococcus pneumoniae, Streptococcus milleri,
Escherichia coli); five had inflammatory cerebrospinal fluid profiles but no organism
identified. We saw no association between chicken pox and AlIS; however, we likely under-
detected this exposure because clinics discourage children with suspected chicken pox from
coming to clinic and exposing other patients.

Ann Neurol. Author manuscript; available in PMC 2013 December 01.
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Recent acute infection (major or minor) was present in AlS cases of all ages, although this
risk factor was particularly common in children under the age of 3 years (Figure 2A). As a
sensitivity analysis, we examined the effect of environmental risk factors for childhood
stroke by age, dichotomizing young (0-9 years) versus older (10-19 years) subjects. In
multivariable analysis adjusted OR for minor acute infection was 3.3 (95% CI1 1.5, 7 - 1) for
younger and 8.8 (2.4, 32.7) for older children (p=0.17, test for interaction). The strokes in
our cohort occurred in all seasons (Figure 2B).

An encounter for head/neck trauma in the prior 12 weeks was documented in 12% of cases
versus 2% of controls (Table 1), with no clear seasonal predilection (data not shown). In
multivariable analysis, it remained a strong independent predictor of AIS: OR 9.0 (95% CI
3.2, 25.1; Table 2). The trauma occurred within a median of 0.5 days prior to stroke (Figure
3). In the sensitivity analysis, using the post-hoc definition of trauma exposure as a
documented encounter within the prior 1 week, the adjusted OR was 36.2 (95% CI 4.7, 281,
P=0.001). Stratifying by age, the adjusted OR for head/neck trauma (prior 12 weeks) was
7.2 (1.6, 31.4) for younger and 12.4 (2.7, 56) for older children (p=0.62, test for interaction).

Markers of greater trauma severity—Iloss of consciousness and admission to the hospital—
were strongly associated with AIS. Among the 15 cases, the mechanism included
penetrating (n=3) and blunt trauma (n=12): severe motor vehicle accidents (n=6); minor falls
(n=2); minor sports-associated injuries (n=2); crush injury (n=1; television set on the head);
and non-accidental trauma (n=1). The mechanism among the seven controls included only
blunt trauma: minor falls (n=4), minor blows to the head (n=2), and a motor vehicle accident
(n=1). Seven out of 15 cases experienced trauma and stroke on the same day. Two were
passengers in motor vehicle accidents, 2 received sports-related blows to the head, 1
suffered a gunshot wound, 1 had delayed focal deficit after a blow to the head from jumping
on the bed, and the last was involved in a motor vehicle accident, although it was unclear
whether as a passenger or driver. In all cases, we concluded that the trauma had preceded the
stroke; however, as a sensitivity analysis, we excluded the last two cases (which could be
viewed as non-conclusive in terms of direction of causality) from the analysis; our adjusted
OR decreased from 9.0 to 7.7, and remained highly significant (p=0.001).

DISCUSSION

Association studies of childhood ischemic stroke have largely been limited to hematologic
studies of genetic pro-thrombotic conditions; summarized in a recent meta-analysis, these
conditions are modest stroke risk factors.3# A small case-control study suggested an
association between varicella zoster infection and childhood AIS.30 Population-based cohort
studies, limited by either few incident cases or reliance on administrative data, have shown
that male gender and black race modestly increase risk of childhood stroke, while sickle cell
disease has a strong effect, but have not assessed other risk factors.32 35 36 |n this case-
control study nested within a population-based cohort, we confirmed the importance of
diseases traditionally considered risk factors for childhood AlS: autoimmune, hematologic,
and cardiac diseases. In addition, we found that environmental exposures—documented
medical encounters for head/neck trauma, and acute infections—were the most common
independent risk factors.

Although traumatic cervical or cerebral arterial dissection has long been recognized as a
cause of childhood AlS,37 recent exposure to trauma has never been formally evaluated as a
risk factor. In our cohort, a head/neck trauma in the prior 12 weeks was both prevalent
(present in 12% of cases) and strongly associated with AIS (OR= 9.0 in adjusted analysis).
Because we could only measure trauma that resulted in a medical encounter, the true
prevalence of preceding trauma among children with AIS is likely higher. (The true
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prevalence of trauma would also be higher among control children, which could impact the
estimate of relative risk.) The time between trauma exposure and AlS ictus was short
(median of 0.5 days); when we narrowed the time window for the trauma exposure to 1
week, the adjusted OR increased to 36. Loss of consciousness and admission for trauma
were particularly associated with childhood AlS, suggesting that more severe head/neck
trauma might indicate a subgroup of trauma victims at particularly high risk.

Published estimates of the association between trauma and adult AlS are, to our knowledge,
lacking; however, there is a large body of literature on “blunt cerebrovascular injury
(BCVI)” referring to non-penetrating traumatic injury of cervical or cerebral vessels (namely
arterial dissection). Among patients presenting to trauma centers, approximately 1.5% have
evidence of BCVI on vascular imaging,38-41 and 12% of those with BCVI will go on to
have a stroke.*2 A variety of screening paradigms for BCVI have been published; patients
meeting certain clinical or radiologic criteria are screened with cerebrovascular imaging,
most often CT angiography (CTA).38-41 Although the efficacy of antithrombotic therapy for
stroke prevention in this setting has yet to be established, trauma patients found to have
BCVI are typically treated prophylactically with aspirin or heparin.22-26 A better
understanding of the association between trauma and AIS in children—specifically, what
trauma characteristics confer a higher risk of AIS—is needed to develop strategies for
primary stroke prevention in pediatric trauma victims.

Major infections, like bacterial meningitis and sepsis, have long been considered etiologies
of childhood AlS: meningitis can cause a vasculitis of the circle of Willis,*3 and sepsis can
lead to embolic strokes due to systemic thrombosis or endocarditis.** 4> Fortunately,
vaccines against Haemophilus influenzae, type B, Neisseria meningitidis, and Streptococcus
pneumonia are now widely available, and we observed only four AIS cases with preceding
bacterial meningitis. Minor infections, however, remain common among children, and have
been linked to AIS in adults.> 712 In our cohort, a medical encounter for a minor acute
infection was the most frequently observed childhood AlS risk factor, present in a 33% of
cases. Because our definition of recent infection required a documented medical encounter,
the true prevalence of this risk factor is higher, as many minor infections do not result in a
medical visit. However, hospital series and an international prospective registry study have
reported preceding minor infections (by parental report) in 24 to 34% of cases.3 4 46 The
strength of the association between recent infection and AIS observed in our study (adjusted
OR 3.9) was similar to that reported in the adult studies, ranging from 2.9 (95% CI 1.6,5.3)
for an infection in the prior 2 months,12 to 4.5 (95% CI 2.1,9.7) for an infection in the prior
week.>

As in adults, the association between recent infection and AIS does not appear to be specific
to any particular type of infection; a variety of infectious illnesses were observed in our
cases, with none predominating. We did not observe a clear seasonal predilection to stroke
associated with either infection or trauma in our cohort; however, the relatively temperate
climate in Northern California may minimize seasonal variation in infection. We saw no
association between chicken pox and AlS; however, we likely under-detected this exposure
because clinics discourage parents from bringing children with suspected chicken pox to
clinic and exposing other patients.

Minor infections could predispose to AIS by promoting thrombosis through systemic
inflammation, or by causing endothelial injury to a cervical or cerebral artery.. 48
Supporting the latter mechanism, in an international prospective registry of childhood AIS,
recent minor infection was significantly associated with cerebral arteriopathy.*® Among
previously healthy children presenting with a first AlS, a cerebral arteriopathy is found in
the majority, and is the strongest predictor of recurrent childhood AIS.28: 50 Hence, a better
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understanding of the role of infection, the focus of the on-going NIH-funded Vascular
effects of Infection in Pediatric Stroke (VIPS) study,>! is crucial for stroke prevention in
children. The influenza vaccine has been shown to decrease stroke risk in adults;13: 14
influenza vaccination programs may similarly act as primary stroke prevention in children.

The retrospective nature of our study was a limitation. Missing data led to potential
misclassification of exposure variables. However, because we abstracted exposure variables
only if that exposure was documented prior to the stroke diagnosis, or the index date in the
paired controls, misclassification likely would be non-differential and should therefore bias
our results towards the null hypothesis. Hereditary thrombophilias have been shown to be
risk factors for childhood AlS,34 yet could not be evaluated in this study, and we were
underpowered to examine interactions between risk factors. Underrepresentation of
socioeconomic extremes reduces the generalizability of our findings. Strengths of the study,
however, included the availability of unbiased controls and longitudinal clinical data in a
population-based setting; this allowed for novel observations regarding environmental
exposures as risk factors for childhood AlS.
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Selection of study cases and controls. Abbreviations: AlS, arterial ischemic stroke; VST,
venous sinus thrombosis; TIA, transient ischemic attack.
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Demographics of 126 childhood arterial ischemic stroke cases. Age at time of stroke (A).
Each bar represents the total percentage of strokes at each age, with shading to indicate the
mutually exclusive percentage of all cases with preceding trauma (prior 12 weeks; black),
preceding infection (prior 4 weeks; light gray), both (dark gray), or neither (clear). Month/
season at time of stroke (B).

Ann Neurol. Author manuscript; available in PMC 2013 December 01.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Hills et al.

Page 12

Proportion "trauma-free"

080 085 09 095 1.00

0.75

I
0 7 14 21 28 35 42 49 56 63 70 77 84

Days from stroke/index date to preceding trauma

————— Control =—— Case

Figure 3.

Plot demonstrating the percentage of cases versus controls that were “trauma-free” (i.e.,
without a medical encounter for head/neck trauma) during the 12 weeks preceding the
stroke/index date. Time is counted backwards in days from stroke/index date to the date of
the trauma. (Note that the y-axis begins at 0.75.)
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Table 2

Multivariable risks for arterial ischemic stroke in children

Variable® OR (95% CI) P

Recent environmental exposures
Head or neck trauma (past 12 weeks) 9.0 (3.2,25.1)  <0.001
Minor acute infection (past 4 weeks) 3.9(2.0,7.4) <0.001

Traditional pediatric stroke risk factors

Autoimmune disease 39.5(4.9,319) 0.001
Cardiac disease 7.9(2.1,29.2) 0.002
Hematologic disease 11.3(2.2,58.7)  0.004
Male gender 1.2(0.7,1.9) 0.56

*
All variables included in the multivariable model are shown.
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