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Abstract
Background—Prior annualized estimates of pediatric ischemic stroke incidence have ranged
from 0.54 to 1.2 per 100,000 U.S. children, but relied purely on diagnostic code searches to
identify cases. We sought to obtain a new estimate using both diagnostic code searches and
searches of radiology reports, and to assess the relative value of these two strategies.

Methods—Using the population of 2.3 million children (<20 years old) enrolled in a Northern
Californian managed care plan (1993–2003), we performed electronic searches of (1) in-patient
and out-patient diagnoses for ICD-9 codes suggestive of stroke and cerebral palsy (CP) and (2)
radiology reports for keywords suggestive of infarction. Cases were confirmed through chart
review. We calculated sensitivities and positive predictive values (PPV) for the two search
strategies.

Results—We identified 1,307 potential cases from the ICD-9 code search, and 510 from the
radiology search. A total of 205 ischemic stroke cases were confirmed, yielding an ischemic
stroke incidence of 2.4 per 100,000 person-years. The radiology search had a higher sensitivity
(83%) than the ICD-9 code search (39%), although both had low PPV’s. For perinatal stroke, the
sensitivity of the stroke ICD-9 codes alone was 12%, versus 57% for stroke and CP codes
combined; the radiology search was again the most sensitive (87%).

Conclusions—Our incidence estimate doubles that of prior U.S. reports, a difference at least
partially explained by our use of radiology searches for case identification. Studies relying purely
on ICD-9 code searches may underestimate childhood ischemic stroke rates, particularly for
neonates.
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INTRODUCTION
Pediatric stroke has been increasingly recognized as an important cause of childhood
disability. Prior annualized incidence estimates in the U.S. range from 0.54–1.2 ischemic
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strokes per 100,000 children.1–5 However, these studies have typically relied on
International Classification of Diseases, 9th Revision (ICD-9) codes for the identification of
cases. Several reports have documented the limited and variable accuracy of stroke ICD-9
codes when applied to adults,6, 7 and a single pediatric study has shown the same for the use
of these codes in children.8 These data demonstrate the importance of case confirmation
through chart review in the generation of stroke incidence estimates. However, because
these reports did not address the sensitivity of ICD-9 code searches, they provide no insight
into how many stroke cases are missed by epidemiologic studies relying solely on this
search strategy.

Kaiser Permanente Medical Care Program (KPMCP) is a large comprehensive health care
plan in Northern California that maintains extensive electronic medical records, including
radiology data, on all of its members. Using KPMCP as our setting, we sought to (1) obtain
a more accurate estimate of the incidence of pediatric ischemic stroke in the U.S. by using
both ICD-9 code searches of diagnosis databases and text-string searches of radiology
reports for case identification; and (2) to assess the relative value of these two search
strategies.

METHODS
We addressed these questions using the Kaiser Pediatric Stroke Study (KPSS), a
retrospective cohort study that attempted to identify all stroke cases within the population of
children (0 to 19 years of age) enrolled in KPMCP from 1/1993 through 12/2003; its
methods have been partially described in prior reports using KPSS data.9, 10 The
institutional review boards at KPMCP and the University of California, San Francisco
approved this study.

Setting
KPMCP, the largest nonprofit managed-care organization in the country, has 16 hospitals
and 36 outpatient clinics that provide care to approximately 30% of the population of
Northern California. During the 11 year study period, 2.3 million children were members
and made up our cohort. The demographics of KPMCP are similar to those of California as a
whole except for underrepresentation of socioeconomic extremes.11 KPMCP maintains
extensive electronic databases that include demographics, all in-patient and out-patient
diagnoses (comprehensive since 1993), and all radiology reports (comprehensive since
1997). In-patient diagnoses are coded by a trained medical records abstracter, while out-
patient diagnoses are coded by the medical provider: the physician, for medical visits, or the
therapist, for rehabilitation visits. All care received at outside hospitals is captured within the
electronic databases. The rare exception could occur if a child has dual forms of insurance
and only the alternate insurance pays for the stroke hospitalization. However, because such
children would likely return to KPMCP for follow-up, they might still be identified through
an out-patient stroke diagnosis or follow-up brain imaging. Discharge summaries, and other
records from outside hospitalizations, are placed in the traditional KPMCP medical charts.

Case ascertainment
KPSS employed two search strategies to identify cases of pediatric stroke (ischemic and
hemorrhagic) within the study cohort: (1) diagnostic (ICD-9) code searches and (2)
radiology text string searches. For the first, we searched the electronic medical records of all
2.3 million children for hospital discharge and outpatient diagnoses suggestive of a stroke.
This included the following ICD-9 codes: 430 (subarachnoid hemorrhage), 431
(intracerebral hemorrhage), 433.xx (occlusion/stenosis of precerebral arteries), 434.xx
(occlusion of cerebral arteries), 435.xx (transient cerebral ischemia), 436 (acute
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cerebrovascular disease), 437.x (“other and ill-defined cerebrovascular disease” including
437.4, cerebral arteritis; 437.5, moyamoya disease; and 437.6, nonpyogenic thrombosis of
intracranial venous sinus), and 438.x (late effects of cerebrovascular disease). Because some
children with perinatal stroke might only receive a diagnosis of “hemiplegic CP,” we cross-
referenced with a prior study that utilized a KPMCP birth cohort (all births from 1/1991
through 12/2002), and identified pediatric stroke cases through searches of the following CP
codes: 342.x (hemiplegia), 343.x (infantile CP), and 344.xx (other paralytic syndromes).12,

13

For the radiology search, we performed electronic text string searches of the formal reports
of all head imaging, including CT, CT angiogram (CTA), MRI, MR angiogram (MRA), and
conventional angiogram. Text strings included: stroke, infarct# (includes infarction,
infarcted), thromb# (includes thrombus, thromboembolic, thromboembolism, thrombotic,
thrombosis), ischemi# (includes ischemia, ischemic), lacun# (includes lacune, lacunar),
vascular event, and porencephal# (includes porencephaly, porencephalic). We could not
electronically distinguish between those reports affirming the presence of infarction and
those negating it. Hence, the full imaging reports were then reviewed by a pediatric
neurologist (H.J.F.) to exclude those not consistent with stroke, such as reports identified in
the search because they stated, “no evidence of ischemia.”

Cases of hemorrhagic stroke were sought through the ICD-9 code search alone. Because of
the large number of imaging reports negating the presence of blood, and our inability to
electronically distinguish these from reports affirming hemorrhage, it was not feasible to
search for hemorrhagic strokes through the radiology database. Hence, our comparisons of
the two search strategies were limited to ischemic stroke alone. However, hemorrhagic
strokes incidentally identified through the radiology search for infarction were included in
KPSS. We chose to include hemorrhagic stroke in this report as we could assess the
accuracy of its ICD-9 codes (430, 431).

Case confirmation
Cases identified through either the ICD-9 code search or radiology search were then
subjected to chart review. Two neurologists (H.J.F., Y.W.W.) independently confirmed
cases of childhood stroke; a third (S.C.J.) arbitrated disputes. The criteria for stroke were:
(1) documented clinical presentation consistent with stroke, such as a sudden onset focal
neurological deficit, headache, loss of consciousness, or seizure; and (2) CT or MRI
showing a focal ischemic infarct, or intracerebral, subarachnoid, and/or intraventricular
hemorrhage, in a location and of a maturity consistent with the neurological signs and
symptoms. Ischemic stroke included both arterial ischemic stroke and venous sinus
thrombosis; hemorrhagic stroke included intracerebral, subarachnoid, or intraventricular
hemorrhage, but excluded extra-axial hemorrhages. We also ascertained cases of transient
ischemic attack (TIA), defined as a focal neurological deficit of acute onset lasting <24
hours, with no radiographic evidence of an infarct, and clinical suspicion of a TIA by a
physician.

Cases were excluded if the stroke occurred prior to enrollment in Kaiser or outside of the
study period. We also excluded cases of neonatal intraventricular hemorrhage (occurring in
the first 28 days of life) as these are typically considered a distinct entity related to
immaturity of the germinal matrix or choroid plexus. All other perinatal strokes, defined as
those occurring between 28 weeks gestation and 28 days of life, were included.12, 14 This
included the so-called “presumed perinatal strokes” that present in a delayed fashion, but are
presumed to happen around the time of birth.15 Strokes occurring from 29 days through 19
years of age were called “later childhood strokes.”
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Data abstraction
A single pediatric RN trained medical records analyst reviewed all available electronic and
traditional medical records from all KPMCP facilities, and abstracted data on each
confirmed case using a standardized protocol. All relevant records were reviewed by a
single pediatric vascular neurologist (H.J.F.) to classify the stroke type and determine the
underlying etiology; strokes without an apparent etiology were defined as idiopathic.

Data analysis
Stroke incidence rates were calculated for the study period when radiology records were
complete (1/1997–12/2003) as the number of strokes occurring during that study period
divided by the total number of person-years at risk. We compared the utility of our two
search strategies for the identification of pediatric ischemic stroke cases by calculating both
sensitivities and positive predictive values (PPV).16 Sensitivity of a search strategy was
defined as the number of confirmed ischemic stroke cases identified through that particular
search strategy divided by the total number of confirmed ischemic stroke cases. (The “gold
standard” was therefore the combination of all search strategies employed in the study.)
Sensitivities were calculated using only cases that occurred during the study period when
radiology records were complete (1997–2003). Because prior studies have typically relied
on ICD-9 code searches of in-patient diagnoses only, we performed stratified analyses to
determine the sensitivity of such an in-patient search and the added benefit of an out-patient
search. We similarly assessed the added benefit of searching CP ICD-9 codes to identify
ischemic stroke cases. We performed additional stratified analyses by age-group, stroke sub-
type, and whether or not the stroke was idiopathic.

PPV was defined as the proportion of confirmed cases to potential cases for a particular
search strategy. PPV’s were calculated for the two search strategies. In addition, because the
accuracy of a stroke code could differ when applied to an in-patient versus an out-patient,
we calculated PPV’s of stroke ICD-9 codes in the in-patient and out-patient setting. PPV’s
were also calculated for individual ICD-9 codes (including hemorrhagic stroke codes) to
assess the accuracy of each code.

We used chi-square tests (or Fisher’s exact, when appropriate) to compare proportions.
Alpha was set at 0.05. All statistical comparisons were performed using Stata 9.0 (College
Station, TX).

RESULTS
For KPSS, we searched the records of 2,347,982 children enrolled in KPMCP from 1993–
2003 (including 1,775,441 enrolled from 1997–2003, when electronic radiology records
were complete). The diagnostic code search identified 441 cases with ischemic- or
hemorrhagic-stroke-related codes and an additional 866 cases with CP codes (Figure). The
radiology search identified 9,599 head imaging reports (regarding 8,658 individual children)
with stroke-related text strings; review of these reports yielded 510 cases with imaging
consistent with stroke (infarction, intracerebral hemorrhage, or subarachnoid hemorrhage).
Through independent chart review, a total of 205 cases of ischemic stroke were confirmed:
84 perinatal and 97 later childhood arterial ischemic strokes; 9 perinatal and 15 later
childhood venous sinus thromboses. Of these, only 42 were identified through both search
strategies, while 45 were identified through the ICD-9 code search alone, and 118 through
the radiology search alone. We identified an additional 12 cases of TIA and 153 cases of
hemorrhagic stroke (21 in neonates, 93 in older children); 37 (24%) hemorrhagic strokes
were incidentally identified through the radiology search, and had no stroke ICD-9 code.
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Stroke incidence (1997–2003)
Of the 205 ischemic stroke cases, 132 occurred between 1997–2003, yielding an ischemic
stroke incidence of 2.4 per 100,000 person-years (95% CI, 2.0–2.9) during that study period.
The incidence of later-childhood ischemic stroke (excluding perinatal cases, n=60) was 1.3
per 100,000 person-years (95% CI 1.0–1.7). Addition of hemorrhagic stroke cases (n=114)
yielded a combined stroke incidence (all ages) of 4.6 per 100,000 person-years (4.0–5.2);
inclusion of TIA cases (n=7) increased the total stroke incidence to 4.7 per 100,000 person-
years (95% CI, 4.1–5.3).

From 1997–2003, there were 208,876 live births within KPMCP, and 60 ischemic strokes
within that birth cohort. The prevalence of perinatal ischemic stroke was 29 per 100,000 live
births (95% CI, 22–37), or 1 per 3500 live births. The overall prevalence of perinatal stroke
(including 17 hemorrhagic stroke cases) was 37 per 100,000 live births (95% CI, 29–46), or
1 per 2700 live births.

Comparison of search strategies: sensitivities and PPV’s
While the radiology search was sensitive for ischemic stroke cases, the stroke ICD-9 code
search identified only one third (Table 1). Searches limited to in-patient stroke ICD-9 codes
identified only one fifth of ischemic stroke cases. The addition of CP ICD-9 codes to the
search increased the sensitivity to 59%. The radiology search was the most sensitive strategy
regardless of age-group, ischemic stroke sub-type, or etiology (Table 2). The sensitivity of
the stroke ICD-9 code search was particularly low for perinatal ischemic strokes: 12%,
compared to 50% for later childhood ischemic stroke. Conversely, the added benefit of CP
ICD-9 code searches was greater in the younger age group, increasing the sensitivity by 45%
for perinatal stroke, compared to only 9% for later childhood stroke.

We compared later childhood ischemic stroke cases that never received a stroke ICD-9 code
(as either an in-patient or out-patient) to those that received a stroke code (Table 3). They
were younger, more likely to have had their stroke as an in-patient, and less likely to have
presented with a hemiparesis or speech-related deficit. They were more likely to have a
major infection (mostly meningitis) or trauma as their stroke etiology, suggesting that their
deficits may have been directly attributed to those etiologies rather than to stroke as the
intermediary.

PPV of ICD-9 codes
In general, inpatient coding had a higher PPV than outpatient coding, and the hemorrhagic
stroke codes had higher PPV’s than the ischemic stroke codes (Table 4). Code 436 was the
most frequently utilized code, but had the lowest PPV.

DISCUSSION
Employing two search strategies for case identification—diagnostic code searches and
radiology text string searches—we found an annual incidence of pediatric ischemic stroke of
2.4 per 100,000 person-years in a retrospective cohort of Northern Californian children. We
found that radiology searches were more sensitive than diagnostic code searches,
particularly for perinatal ischemic stroke, although both search strategies had limited
accuracy, with low PPV’s.

Published pediatric stroke incidence rates are difficult to compare because of the multiple
variables that could affect these estimates: population, demographics (higher rates in black
children),4, 17 study time period (pre or post the MRI era), age range included, and multiple
aspects of study design (e.g., retrospective vs. prospective; search strategies; methods of
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case confirmation). Our overall ischemic stroke incidence rate of 2.4 per 100,000 person-
years is 2 to 4 fold higher than previously published estimates in U.S. children that also
included perinatal strokes (Table 5).1, 2 Our estimate of 1.3 later childhood (non-neonatal)
ischemic strokes per 100,000 person-years also exceeds estimates from those U.S. studies
that excluded neonates.3–5 None of these prior reports used radiology searches to identify
cases, and the majority of them relied only on inpatient stroke diagnoses.1–5, 18–20 Our
study demonstrates the low sensitivity of such diagnostic code searches, suggesting that our
expanded case identification methods, with the addition of radiology searches, may explain
the higher ischemic stroke rate we observed. Had we relied only on stroke and CP ICD-9
code searches, we would have obtained an overall ischemic stroke incidence rate of only
0.97 per 100,000 person-years (95% CI: 0.78–1.2), a rate comparable to those reported in
prior retrospective studies in the U.S. that used ICD-9 code searches alone (Table 5).1, 3–5

The highest published rate of childhood ischemic stroke (including perinatal stroke) was
from a population-based study in Dijon, France (study period 1988–1989): 7.9 per 100,000
person-years.21 This was the only prospective study (Table 5), and therefore did not rely on
any retrospective search strategies for case identification. Rather, it was a registry where all
stroke cases were identified prospectively in both the in-patient and out-patient setting as
part of a larger epidemiologic stroke study that included adults. Although the higher rate
may also reflect a different patient population, it does suggest that incidence rates from
retrospective studies are likely underestimates.

In our study, we found that ICD-9 code searches are not only insensitive for pediatric stroke
but also fairly inaccurate: the poor PPV of many stroke codes has been previously reported,
and was confirmed in our study (Supplemental-Table).6–8 These data have unfortunate
implications on pediatric stroke research which has depended largely on retrospective
observational studies. Administrative datasets, for example, have been useful because they
allow the identification of a large number of subjects with this relatively rare disease.
However, these studies typically rely on ICD-9 codes alone for case identification and
therefore are not only missing false negative cases, but including false positives. The latter
issue can be overcome in studies where cases can be confirmed through chart review, but
this is typically not an option for studies utilizing administrative datasets. When available,
radiology text-string searches, although time consuming with a low yield, appear to be a
better option for retrospectively detecting ischemic stroke cases. However, in evaluating and
designing studies relying on diagnostic code searches alone, investigators should consider
which subjects are most likely to be missed: among the later childhood stroke cases that did
not receive an ICD-9 code, almost half had meningitis or sepsis as their stroke etiology, and
therefore might actually be excluded from certain stroke studies.

Our study has several limitations. Our conclusions regarding the relative advantages of the
two search strategies are limited in that we studied only a single large managed care
program. Because coding practices may differ in different institutions, our findings may not
be generalizable to other settings. This may explain differences in the PPV of some specific
ICD-9 codes compared to a prior pediatric report;8 however, overall, PPV’s were
remarkably consistent between studies (Supplemental-Table). Another limitation is that we
likely failed to detect some cases, despite our use of two search strategies. Of particular
concern are KPMCP patients that present acutely to a non-Kaiser hospital; head imaging
studies performed outside of the KMPCP system would not have been included in our
radiology text-string search. However, diagnostic codes for all out-of-plan care are
maintained in KPMCP databases and were searched for this study. In addition, these patients
usually return to the KPMCP system for follow-up head imaging and follow-up clinical
care. However, missed cases would impact both our stroke incidence estimates and
estimates of the sensitivity of the different search strategies. For the latter, the “gold
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standard” was simply the combination of the different retrospective strategies. Had our gold
standard been a thorough and comprehensive prospective registry, as done in Dijon, France,
the sensitivity estimates would have been even lower.

Despite these limitations, our study is the first to employ two search strategies to estimate
the incidence of pediatric ischemic stroke in the U.S., and found a rate 2 to 4 times higher
than prior reports. Although radiology searches appear to have a greater sensitivity for
pediatric stroke, both search strategies have relatively low yield. These challenges in
retrospective case identification support recent calls for the field to move towards
prospective multicenter studies of pediatric stroke.5, 22

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure.
Flow chart demonstrating methods for the ascertainment of stroke cases among 2.3 million
children enrolled in KPMCP, 1993–2003. Because electronic radiology reports were not
comprehensive until 1997, our incidence rate estimates and sensitivity analyses excluded
cases from 1993–1996; totals for those analyses are therefore different than from those in
this diagram. CP=cerebral palsy.
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Table 1

Sensitivity and PPV by search strategy for ischemic stroke cases among children (0–19 years) enrolled in
KPMCP, 1993–2003

Sensitivity* PPV

Search Strategy N % (95%CI) N % (95% CI)

Strategy 1: ICD-9 code search

 Stroke ICD-9 138 34 (26–42) 277 ** 29 (23–34)

  Inpatient§ 138 21 (14–29) 65 ** 77 (65–86)

  Outpatient 138 13 (5–15) 212 ** 14 (9.8–20)

 CP ICD-9 alone¥ 138 24 (18–32) 866 2.2 (1.3–3.4)

 Stroke + CP ICD-9 138 59 (50–67) 1143 ** 8.7 (7.1–10)

Strategy 2: radiology search

 Radiology 138 83 (75–89) 439 26 (22–31)

Combined Strategies

 Radiology and Stroke ICD-9 138 95 (90–98) 716 ** 28 (24–31)

 All: Radiology and Stroke + CP ICD-9 138 100 1582 ** 14 (12–16)

*
study period limited to 1997–2003, when radiology databases were comprehensive

§
patients who received both in-patient and out-patient diagnostic codes are included in the in-patient group only

¥
patients who recevied a cerebral palsy (CP) code but did not receive a stroke ICD-9 code

**
excludes cases with hemorrhagic stroke codes, 430 and 431
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Table 3

Comparison of children (>28 days old) with ischemic stroke who received a stroke diagnostic code (n=40) to
those who did not (n=38), 1997–2003

Code No code

Variable % % p-value*

Demographics

 Age, years, mean (SD) 13 (6.3) 9.0(7.4) 0.02§

 Male gender 53 58 0.6

 White ethnicity 43 37 0.6

Presentation

 Stroke as an in-patient 5.0 32 0.002

 Hemiparesis 70 44 0.02

 Dysarthria or aphasia 50 23 0.02

 Seizure 23 39 0.1

 Altered mental status 24 47 0.04

Past medical history

 Cardiac disease 10 2.6 0.4

 Hematologic disease 10 7.9 >0.9

 Autoimmune disease 8.9 5.4 0.7

Etiology 0.03

 Idiopathic 25 16

 Cardiac disease 13 5.3

 Arteriopathy 33 13

 Hypercoaguable state 7.5 5.3

 Meningitis or sepsis 15 45

 Chemotherapy 5.0 2.6

 Hematologic malignancy 2.5 2.5

 Trauma 0 7.9

Outcome (end of admission)

 Normal (no deficit) 35 22 0.2

 Dead 0 2.6 0.5

*
p-values from chi-square tests, or Fisher’s exact when appropriate

§
p-value from student’s t-test
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