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Abstract

A consecutive case series of 55 children (0-17 years old) with arterial ischemic stroke is reported.
Twenty of these children were critically ill at the time their stroke occurred. Mortality among these
20 children was 40%, as compared to 3% in non-critically ill children with arterial ischemic stroke;
overall mortality in this case series was 16%. Mortality resulted primarily from the underlying illness.
Prognosis after stroke is markedly worsened in children with premorbid critical illness.

Introduction

Cerebrovascular disorders are among the top 10 causes of death in children [1]. Strokes in
children also result in significant morbidity as > 50% of survivors will have cognitive or motor
disabilities [2,3]. Little attention has been paid to strokes that occur in children who are already
critically ill. Serious systemic illnesses, such as meningitis and underlying malignancy, are
well-known risk factors for stroke in childhood [4,5]. We hypothesized that mortality among
pediatric stroke patients increases when critical illness precedes stroke. We report a consecutive
case series of 55 children with arterial ischemic stroke (AIS), of whom 20 were critically ill
prior to stroke onset.
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Medical records were searched at a single urban tertiary academic medical center using
International Classification of Diseases (ICD)-9 codes to identify all patients younger than 18
years diagnosed with acute AIS from 1999 to 2003. AIS was defined as the sudden onset of a
neurological deficit, localized to the brain, that lasted more than 24 hours, with accompanying
CT or MRI studies showing changes consistent with brain infarction in an arterial distribution.
Trauma, meningitis, and AlS related to brain tumor were all included; children with
hemorrhage or venous infarction were excluded. Critical illness was defined as a non-elective
admission to the ICU. A Pediatric Risk of Mortality Score (PRISM) I11 at 12 hours is routinely
calculated for all patients admitted to the pediatric ICU and so was available to assess severity
of illness in critically ill children.[6] PRISM-III is a validated scale that has 17 physiologic
variables (maximum score 74). Each medical record was reviewed by two of the authors (LCJ,
JVB). The Institutional Review Board approved this protocol.

Relationships between ICU stay, death, age, sex, race, and location of stroke (i.e., single versus
multi-focal lesions) between critically ill and non-critically ill patients with AIS were evaluated
by multiple logistic regression (Stata 9®, College Station, Texas). Means were tested by a two-
tailed t-test for continuous variables and by Fisher’s exact test for categorical variables. The
significance level for all tests was p< 0.05.

Patient Characteristics and Mortality

We identified 55 children with acute AIS (Table 1), of whom 20 (36%) were critically ill
(already in the ICU or presented in extremis with a systemic illness such as meningitis or
endocarditis, requiring blood pressure or respiratory support) when their stroke occurred. None
of these children were admitted to the ICU because they had had a stroke. Critically ill children
with stroke were 60 times more likely to die (OR=60, 95% Cl=4 — 840, p=0.002) than non-
critically ill children with stroke after adjusting for age and single versus multiple infarcts
(crude OR=23). Of the 20 critically children with AIS, 8 (40%) died, compared to 1 child of
35 (3%) who was not critically ill at the time of stroke. This non-critically ill child with stroke
had complex congenital heart disease and died of a fatal arrhythmia. Not surprisingly, cause
of death was most often related to the underlying medical illness, rather than to stroke (Table
2).

The overall mortality in our cohort of children with AlS was 16%. Compared to other critically
ill children, mortality was higher in children with stroke: for the 6,099 non-elective pediatric
ICU admissions at our institution during the study period, mortality was 4% (n= 271), versus
40% for pediatric ICU patients with stroke (32=40, p<0.0001). Children with stroke who died
were significantly younger than survivors, mean age 2.7 versus 7.5 years (p=0.03). The
presence of multiple cerebral infarctions was also highly associated with critical illness;
multiple infarcts were 2.4 times more common in ICU patients than non-ICU patients (p =
0.02), but were not significantly associated with a higher mortality. The mean PRISM score
in critically ill stroke patients was 16 (range 4-35, SD 7.8) while the mean PRISM score for
all ICU admissions during this time was 5 (range 0-46, SD 6), and the mean PRISM score for
ICU patients without stroke who died was 14.8 (range 0-43, SD 10).

Stroke Presentation

Seizure was the initial presentation of stroke in fifteen patients (27%); these patients were
significantly younger than those without seizures (mean 2.0 vs. 8.4 years). Other presenting
features associated with AIS were hemiparesis (48%), aphasia (11%), altered mental status
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(6%), and unresponsiveness (6%). Seizures were seen in 45% of critically ill patients, compared
to 19% of non-ICU patients.

In ICU patients, 16 (80%) were critically ill at the time of presentation to the hospital and were
admitted directly to the ICU. Five patients were diagnosed with stroke on the day of admission,
but the average time from hospital admission to stroke diagnosis in critically ill patients was
13 days (range 0—117, SD 27). Of the 8 critically ill patients who died, the median time between
stroke diagnosis and death was 5 days; however, the data are bimodal. Four patients died in
less than 5 days, while 4 patients survived 6 to 118 days.

Stroke Risk Factors

Stroke risk factors could be identified in 93% of patients. The most common risk factors were
cardiac disease, infection, vasculopathy, trauma, and hematological disorders. Vasculopathy
included cerebral arterial abnormalities due to moyamoya, HIV, arterial dissection, and
transient cerebral arteriopathy. Thirty-three out of fifty-five patients (60%) were investigated
with vascular imaging. ICU patients had slightly more stroke risk factors (mean=1.8) than non-
ICU patients (mean=1.5) but the difference was not significant (p=0.77). Risk factors found
in patients who died were: cardiac disorders (n=4), infections (n=2), trauma (n= 1), oncologic
disease (n= 2), and extracorporeal membrane oxygenation (ECMOQO) (n= 2).

Infections, ranging from an upper respiratory infection to fulminate sepsis, were diagnosed
before stroke onset in 40% of the ICU patients compared with 17% of non-ICU patients. Two
risk factors, ECMO and endocarditis, were only seen in critically ill patients. Cardiovascular
disorders were more frequently seen in ICU patients than in non-ICU patients, 40% compared
with 17%. Stroke recurred in 7 patients (13%), and only 2 of these recurrences occurred in
critically ill patients.

Discussion

The most noteworthy finding in this study was that children who had a stroke in the setting of
critical illness were 60 times more likely to die than children who were not critically ill at the
time their stroke occurred. The overall AlS mortality of 16% during the 5-year study period is
similar to that in other reports [7,8]; however, when stroke occurred in the ICU, mortality was
40% and in non-critically ill children, stroke mortality was 3%. In most cases, death was related
to the underlying medical illness rather than to the stroke (Table 2). A number of studies have
reported mortality of 16% -23% in childhood stroke however, causes of death are rarely
provided. Lanthier et al. have reported that the coexistence of multiple stroke risk factors in
children predicts poor outcome [9]; it would be interesting to know how many of these children
were critically ill at time of stroke onset. In our series, only one child died of clearly neurologic
causes i.e. stroke and head trauma leading to cerebral edema and uncal herniation. The others
died of non-neurologic causes. Using a California-wide hospital discharge database there was
a 16.5% case fatality rate for all first admissions for childhood ischemic stroke [8]. Severity
of illness and cause of death were not mentioned and presumably these data were not available.
We suspect that this 16.5% case fatality rate may be a combination of two groups of patients,
those that are critically ill and those that are not.

The fact that the mean PRISM score in critically ill stroke patients was similar to the mean
PRISM score for ICU patients without stroke who died, 16 and 14.8, respectively, and quite
different than the mean PRISM score of 5 for all ICU admissions is telling. This information
suggests that critically ill children with stroke were more ill than the general population of
children admitted to the ICU, and were similar to other critically ill patients who died.
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Children with stroke who died were significantly younger than stroke survivors. Seizures were
also a more common presenting symptom in young children and in critically ill children
regardless of age. Thus, a young child in the ICU with new-onset seizures should be carefully
evaluated. There are many etiologies for seizure in critically ill children, but stroke should be
considered.

Our study has several important limitations. It is likely that our case ascertainment via ICD-9
codes did not identify all patients with AIS [11]. Since these data were collected retrospectively,
standardized measures of neurological outcome were available on very few surviving patients.
Furthermore, the study population, patients at a tertiary children’s hospital, may not be
representative of all pediatric populations. This bias is minimized, however, by the fact that
most children with acute stroke, with or without critical illness, are transferred to a pediatric
referral center.

This study provides an important first look at stroke presenting in children in the pediatric ICU.
Further prospective, multi-center studies are necessary to better define specific risk factors for
stroke in critically ill children as well as predictors of outcome. Future childhood stroke studies
should report not only the mortality rate, but also the causes of death. Our results suggest that
when stroke occurs in a child who is already critically ill, it is a marker of severe illness from
which the child may not recover.
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Critical Iliness at Time of Stroke Death Cause of death

Cardiac Surgery Yes Multiorgan failure

Heart Failure, awaiting transplant Yes Cardiac Arrest

Head Trauma Yes Cerebral edema

Congenital Heart Disease, heart failure, sepsis Yes Multiorgan failure

Leukemia, disseminated toxoplasmosis Yes Cardiac arrest

Opiate ingestion, respiratory distress* Yes Cardiac arrest

Congenital Heart disease, on ECMO ", multi-organ failure Yes fCaret_vvithdrawn, no return of cardiac
unction

Pulmonary hypoplasia and ventilator dependence Yes Care withdrawn, no improvement in
respiratory function

Bacterial sepsis, meningitis No NA

Bacterial meningitis No NA

Staph Aureus endocarditis . No NA

Congenital Heart Disease, Staph Aureus pneumonia, ARDS , ECMO No NA

Aneurysm clipped, vasospasm No NA

Bacterial pneumonia, ARDS No NA

Head Trauma No NA

Head Trauma No NA

Congenital Heart Disease, Cardiac Surgery No NA

Congenital Heart Disease, Cardiac Surgery No NA

Congenital Heart Disease, Cardiac Surgery, Cardiac arrest, post-op No NA

Severe combined immunodeficiency, Bone marrow transplant, warm IgM No NA

antibody Causing thrombosis

*ECMO (extra corporeal membrane oxygenation), **ARDS (acute respiratory distress syndrome)
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