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ABSTRACT

Objective: We developed the Recurrence and Recovery Questionnaire (RRQ) by converting the
Pediatric Stroke Outcome Measure (PSOM) to a questionnaire for telephone interview and sought
to validate the RRQ in a large cohort.
Method: We analyzed parents’ RRQ responses and same-day PSOM assessments for 232 children who had arterial ischemic stroke, cerebral sinovenous thrombosis, or presumed perinatal
ischemic stroke. We assessed the agreement and consistency of the PSOM and RRQ, and we
identified conditions that contributed to differences between the 2 measures. We tested selected
factors as predictors of differences between the total PSOM and total RRQ (tPSOM and tRRQ)
scores.

Results: Median PSOM score was 1.5 and median RRQ score was 1.5. There was good agreement
between tPSOM and tRRQ, and RRQ was a reliable estimator of PSOM at the total and component level. Preexisting neurologic deficits or chronic illnesses increased the difference between
the tPSOM and tRRQ; the chronic illness effect was confirmed with univariate analysis.

Conclusions: The RRQ can characterize poststroke function when a child cannot return for examination. While the RRQ is not identical to the PSOM, the 2 measures likely assess closely related
aspects of recovery. The RRQ is particularly useful when assessing outcomes of large cohorts,
and will be useful in performing long-term follow-up studies of pediatric stroke. Neurology® 2012;
79:864–870
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GLOSSARY
ICC ⫽ intraclass correlation; IPSS ⫽ International Pediatric Stroke Study; PSOM ⫽ Pediatric Stroke Outcome Measure;
RRQ ⫽ Recurrence and Recovery Questionnaire; SIS ⫽ Stroke Impact Scale; tPSOM ⫽ Pediatric Stroke Outcome Measure
total score; tRRQ ⫽ Recurrence and Recovery Questionnaire total score.

Pediatric stroke studies need measures to assess patient outcomes over time. Many outcome
measures used for adult stroke1–3 are less useful with children. The adult tools assess functions
that children typically do not perform, and do not account for the evolving functions that
characterize child development. The Pediatric Stroke Outcome Measure (PSOM) has been
used in multiple pediatric stroke studies,4 – 6 but can only be applied at a follow-up visit because
a clinical examination is a key element of the PSOM. When the subject cannot return for a
follow-up visit important outcome data are lost if one relies solely upon the PSOM. To date,
no validated measure has been developed to assess poststroke function if a child cannot be
present at a follow-up visit.
Pediatric stroke is unique since a child’s caregiver can report a child’s functional status and
limitations. A measure that can take advantage of a caregiver’s report would be particularly
useful to capture data over extended follow-up times. We developed the Recovery and Recurrence Questionnaire (RRQ) to assess a child’s poststroke function by telephone interview.7 The
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RRQ was based upon the 5 functional categories measured by the PSOM. In a small pilot
study the RRQ results correlated with a validated quality of life measure7 but the RRQ
has never been validated in a larger cohort.
This study assessed the RRQ as an estimator of the PSOM in a cohort of children by
comparing the estimates of function provided
by the RRQ with the PSOM measures generated during a neurologic examination.
METHODS The International Pediatric Stroke Study (IPSS)
is a multinational registry that has collected standardized data on
subjects with pediatric ischemic stroke since January 2003. Subjects were included if they had arterial ischemic stroke, sinovenous thrombosis, or presumed perinatal arterial ischemic
stroke, since these are the commonly recognized cerebral ischemia diagnoses in children.8,9 The current report examined cases
that were submitted to the IPSS up to February 2010.
The PSOM (appendices e-1 and e-2 on the Neurology® Web
site at www.neurology.org: measures 1 and 2) has been described
previously4 and a validation study was recently performed.10
Briefly, the PSOM measures poststroke neurologic function in 5
domains: right sensorimotor, left sensorimotor, language comprehension, language production, and cognitive/behavioral
function. Function is ranked on an ordinal 4-point scale— 0 (no
deficit), 0.5 (mild deficit), 1 (moderate deficit), 2 (severe deficit)—so that a total score ranges from 0 to 10, with 0 indicating
normal function. The PSOM was developed so a trained examiner can perform the assessment during the course of a
clinical visit.
The RRQ (appendix e-3: questionnaire) was developed by
adapting the final summary of the PSOM for use by telephone
interview. The RRQ retained the 5 subcomponent features of
the PSOM and the ordinal 4-point severity rating scale. It
adapted the terminology and descriptors for each subcomponent
into language suitable for lay respondents including parents of
children, or older children with stroke. For example, the RRQ
asks whether the child has any problems with strength, coordination, or sensation as a result of the stroke and whether the right
or left side is affected. The PSOM queries whether the child has
a sensorimotor deficit affecting the right or left side on clinical
examination. The language production, language comprehension, and cognition/behavior elements of the RRQ similarly parallel the PSOM queries of the clinical examination. The second
part of the survey asked about stroke recurrence. Investigators in
the IPSS network began using the RRQ in 2007 and 2008 so
that after 2007 cases were reported to the IPSS that had both a
PSOM and an RRQ.
The PSOM scores were recorded by the patient’s neurologist
during routine clinic visits. Most RRQ scores were performed by
face-to-face interview by clinical staff or a research assistant on
the day of the clinic visit. In a few cases the RRQ was performed
by telephone interview by research staff. Most of the clinical or
research staff who recorded the RRQs were blinded to the
PSOM scores (75%), while a smaller number were aware of the
PSOM score (14%) or in some cases the blinding status was not
recorded (11%). Some subjects had multiple pairs of PSOMRRQ assessments so we only analyzed the most recent PSOMRRQ pair. The PSOM and RRQ scores were submitted by 14

centers from North America, South America, and Europe to the
IPSS data center.
Patients were included if they presented with stroke symptoms between ages 30 days and 18 years and had a confirmed
arterial ischemic stroke or sinovenous thrombosis on neuroimaging. Children who had presumed perinatal ischemic stroke did
not have acute symptoms, but typically were identified because
of hemiparesis, seizures, or developmental delay detected in early
infancy.

Data analysis. We used graphical analysis to test the agreement between the PSOM and RRQ total scores (tPSOM and
tRRQ).11 We then assessed the correlation of the PSOM and
RRQ total measures and their 5 components (right and left sensorimotor, language comprehension and production, cognition/
behavior) with internal consistency, intraclass correlation, and
ordinal association analysis.12 In preliminary examination of the
tPSOM and tRRQ data, we noted that the difference tPSOM ⫺
tRRQ (tPSOM-tRRQ) was greater in subjects with preexisting
conditions (chronic illness or neurologic abnormalities) so we
used frequency distributions to evaluate the effect of prestroke
chronic illnesses or neurologic abnormalities upon tPSOMtRRQ. We used linear regression to determine how well tRRQ
“predicted” tPSOM. Regression, analysis of variance, and nonparametric tests were used to examine the relationship between
potential continuous (age at stroke, age at examination, time
between stroke and examination) and categorical (gender, study
site, and presence of selected illnesses) predictors upon tPSOMtRRQ. We did not examine the effect of preexisting neurologic
deficits in these analyses because of the number of cases with
missing data. Because the PSOM and RRQ component scores
were ordinal in nature we used the Mann-Whitney test to examine the effect of potential propensity factors.
All statistical analyses were performed using IBM SPSS 19.0
(www.SPSS.com, Somers, NY). This work was approved by the
ethical review boards of the contributing centers.

As of February 1, 2010, there were 681
unique individuals who had a PSOM assessment. Of
these, 232 had concurrent PSOMs and RRQs and
comprise the subjects of this analysis. There were 130
male subjects (56%). Acute arterial ischemic stroke
occurred in 195 cases (84%), 18 had cerebral sinovenous thrombosis (8%), and 21 had presumed perinatal ischemic stroke (9%). One child with arterial
ischemic stroke had cerebral sinovenous thrombosis
and one child with presumed perinatal ischemic
stroke had a second arterial ischemic stroke. The median age at stroke onset was 2.7 years (range 0.0 –
17.8) and the median age at assessment was 5.1 years
(range 0.1–19.4). Thirty-two (14%) had recurrent
ischemic events, either TIA or stroke. There was no
stroke recurrence in 197 (85%) and 3 (1%) had an unknown recurrence status. The median tPSOM score
was 1.5 (interquartile range 1.0–3.0) and 80% of subjects had a tPSOM of 3.5 or less. The median tRRQ
score was 1.5 (interquartile range 0.5–3.0) and 84% of
subjects had a tRRQ of 3.5 or less (table e-1).
There was good agreement between the tPSOM
and tRRQ scores, as demonstrated by graphical analRESULTS
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Figure 1

A Bland-Altman plot demonstrates agreement between Recurrence and Recovery Questionnaire
total score (tRRQ) and Pediatric Stroke Outcome Measure total score (tPSOM)

The mean of the tPSOM and RRQ scores is plotted on the X-axis while the difference between tPSOM and tRRQ (tPSOMtRRQ) is plotted on the Y-axis. The overlying circles represent multiple subjects per data point. The solid line identifies the
mean value. The dashed lines identify ⫾ 2 SD. No. ⫽ 232.

ysis (figure 1). To test the reliability of the RRQ as an
estimator of the PSOM, we assessed internal consistency and intraclass correlation (ICC) for total scores
and the 5 component scores (left and right sensorimotor, language production, language comprehension, and cognitive/behavior function). The internal
consistency was excellent for tPSOM and tRRQ
scores (table 1),3,13 good for the right and left sensorimotor function and language production components, and moderate for the language comprehension
and cognition/behavior components. The ICC results for the tPSOM and tRRQ scores and for the
component measures were similar. Ordinal association analysis showed that tRRQ and the 5 component scores were associated with the corresponding
PSOM scores with the strength of association ranging from moderate for language comprehension
(0.50) to strong for sensorimotor function (0.71).
A frequency distribution plot of the difference between the tPSOM and tRRQ (tPSOM-tRRQ) (figure 2 A) indicated that total PSOM scores were
greater than total RRQ scores. This shift was greater
in subjects who had preexisting neurologic deficits or
chronic illnesses (figure 2B) and negligible in subjects who had no preexisting conditions (figure 2C).
When we re-examined the reliability of RRQ as a
predictor of PSOM component scores in the context
866

Neurology 79

August 28, 2012

of preexisting conditions we found a mixed effect
(table 1). Cases with preexisting conditions had
lower internal consistency for sensorimotor function
and language production while cases without preexisting conditions had lower internal consistency for language production and cognitive/behavior function. The
ICCs followed a similar pattern with lower ICCs for
subjects with preexisting conditions in the sensorimotor
and language production components, and lower ICCs
for language comprehension and cognitive/behavior
components in those subjects without preexisting conditions. tRRQ significantly predicted tPSOM (p ⬍
0.001) in linear regression (figure 3).
We found that a preexisting chronic illness predicted an increased difference in tPSOM-tRRQ
( p ⬍ 0.001) (table 2). Other propensity factors, age
at onset of stroke, age when stroke was recorded, age
at examination, or time from stroke to examination
did not predict significant tPSOM-tRRQ difference.
At the level of the RRQ and PSOM subcomponent
scores, prior chronic illness predicted an increased
PSOM-RRQ difference for the right sensorimotor
and cognitive-behavior subcomponents. Male gender, age at stroke, age when stroke was recorded, and
age at examination predicted an increased PSOMRRQ difference for the language comprehension
subcomponent. When these 4 factors were analyzed

Table 1

Reliability of RRQ as an estimator of PSOM total and
subcomponent scores
Internal consistency
reliability, Cronbach ␣

Intraclass correlation
(95% CI)

All cases (n ⴝ 232)

0.87

0.76 (0.69–0.81)

No preexisting condition (n ⴝ 156)

0.87

0.78 (0.71–0.83)

Preexisting condition (n ⴝ 76)

0.88

0.73 (0.50–0.85)

All cases

0.83

0.69 (0.58–0.77)

No preexisting

0.88

0.77 (0.68–0.83)

Preexisting

0.74

0.54 (0.31–0.70)

All cases

0.85

0.73 (0.66–0.78)

No preexisting

0.87

0.78 (0.71–0.83)

Preexisting

0.80

0.66 (0.50–0.77)

All cases

0.83

0.70 (0.63–0.76)

No preexisting

0.85

0.73 (0.65–0.80)

Preexisting

0.79

0.65 (0.50–0.76)

All cases

0.74

0.59 (0.50–0.67)

No preexisting

0.70

0.54 (0.42–0.65)

Preexisting

0.78

0.64 (0.48–0.75)

All cases

0.69

0.52 (0.42–0.61)

No preexisting

0.66

0.49 (0.37–0.60)

Preexisting

0.74

0.56 (0.36–0.70)

Scores
Total

R sensorimotor

L sensorimotor

Language production

Language comprehension

Cognitive/behavior

Abbreviations: CI ⫽ confidence interval; PSOM ⫽ Pediatric Stroke Outcome Measure;
RRQ ⫽ Recurrence and Recovery Questionnaire.
a
For Cronbach ␣, an ␣ of 0.70 or greater is considered adequate and an alpha of 0.80 or
greater is considered good. For the intraclass correlation, 0.40 to 0.59 is considered moderate reliability, 0.60 to 0.79 is substantial, and ⬎0.80 is outstanding reliability.13

with a general linear model, only male gender remained significant ( p ⫽ 0.018).Other factors were
not associated with subcomponent score differences.
There were significant differences in tPSOM-tRRQ
based upon study site largely because of significantly
higher tPSOM scores from 2 sites. There were no
site-related differences for tRRQ (table e-2). When
the tPSOM and tRRQ were analyzed by blinding
status, there were no significant differences.
Pediatric stroke patients often receive
care at centers that may be far from their homes.14
The most widely used pediatric outcome measure,
the PSOM, requires that the patient is physically
present for an assessment. Another measure, the Pediatric Evaluation of Disability Inventory, has been
used in stroke studies,15 but this also requires direct
examination. When follow-up is difficult because of
distance or if a child cannot be examined at a given
DISCUSSION

time point, then valuable follow-up data may be lost.
For this reason we developed the RRQ as an abbreviated version of the PSOM that could be performed
via interview.
In a small pilot study7 we observed that the RRQ
seemed to yield results consistent with a widely used
quality of life measure. The current study has assessed the validity of the RRQ scores in a large cohort
that had a concurrently performed PSOM. For the
overall group there was good agreement between the
tRRQ and tPSOM scores; indeed, the regression plot
of tRRQ vs tPSOM nearly overlaid the line of identity. At the individual subject level the tRRQ and
tPSOM scores varied, sometimes to a substantial degree, but 64% of PSOM scores were within 1 point
of the RRQ scores. Since the RRQ was modified
from the PSOM, the RRQ shares many of the face
and content validity features of the PSOM.16 The
PSOM is the current gold standard in pediatric
stroke, so the regression results suggest that the RRQ
has criterion and convergent validity compared with
the PSOM. In terms of other clinimetric properties
of the RRQ,1–3 there was good reliability between the
total RRQ and PSOM, and the subcomponent right
and left sensorimotor function and language production scores. Reliability for the language comprehension and cognition/behavior subcomponents was
weaker, but still fell within the moderate range. We
note that for language comprehension and cognition/behavior reliability was greater in subjects who
had preexisting chronic illness or neurologic deficits
than in subjects who were not affected; the reasons
for this finding are not apparent. Two factors, preexisting chronic illness and gender, predicted increased
differences between tPSOM and tRRQ or their subcomponent elements, but most factors had no effect.
In adults, telephone interviews have been used to
assess poststroke outcomes and in some cases the
telephone results compared favorably with face-toface assessments (modified Rankin Scale after subarachnoid hemorrhage17 and Barthel Index after
stroke18). The use of a patient proxy to report adult
stroke outcome was performed using the Stroke Impact Scale (SIS).19 The SIS study found that patient
proxies tended to report a greater degree of stroke
severity than the patient’s self-report, which raises
the question whether a parent can reliably rate the
severity of the child’s deficit. The current study
shows that parents can equally over- or under-rate
the severity of the child’s poststroke deficit (figure
2A). Since 64% of the PSOM scores were within 1
point of the RRQ scores (53% of PSOM scores were
within one-half point), we conclude that at the cohort level, parental report can be used to estimate a
child’s poststroke function.
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Figure 2

Frequency plots for Pediatric Stroke Outcome Measure total score (tPSOM)–Recurrence and
Recovery Questionnaire total score (tRRQ)

Note the different ranges on the respective Y axes. The smooth line represents the hypothetical normal distribution. (A) All
cases. Mean 0.36, SD 1.453, n ⫽ 232. (B) Cases with preexisting neurologic deficits or chronic illness. Mean 0.86, SD
1.529, n ⫽ 76. (C) Cases without preexisting conditions. Mean 0.12, SD 1.355, n ⫽ 156.

There are a number of limitations to this study.
The RRQ scores were determined concurrently
with the PSOM in patients who were clinically stable. We did not attempt to assess the RRQ in patients whose poststroke symptoms were evolving. In
a retrospective study we were not able to test whether
the RRQ was stable over time, i.e., whether an RRQ
at time A accurately predicts an RRQ or PSOM at
time A⫹B, and we were unable to assess test-retest
validity or interobserver reliability.16 An obvious limFigure 3

itation is that while the RRQ correlates well with the
PSOM for the group as a whole, at the individual
subject level there can be substantial variability between the PSOM and RRQ. This individual variability raises the possibility that the RRQ and PSOM are
measuring 2 different albeit closely related phenomena. The RRQ may be more a measure of parental
impression of recovery while the PSOM is a measure
of the neurologist’s impression of recovery. This variation between the PSOM and parent reports of out-

Scatterplot and linear regression of Recurrence and Recovery Questionnaire total score (tRRQ) vs
Pediatric Stroke Outcome Measure total score (tPSOM)

The overlying circles represent multiple subjects per data point. The dashed line is the line of identity. The solid line is the
regression line fitting the data. tPSOM ⫽ (0.90 ⫻ tRRQ) ⫹ 0.55, R2 ⫽ 0.61, p ⬍ 0.001.
868
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Table 2

Selected propensity and age/time factors predict greater differences between PSOM and RRQ total and subcomponent scores

Propensity and age/time
factors

No.
(of 215)

Total PSOM-RRQ,
p value

LSM PSOM-RRQ,
p value

RSM PSOM-RRQ,
p value

LC PSOM-RRQ,
p value

Male

130

0.308

0.849

0.504

0.017a

0.957

0.117

Arterial ischemic stroke

195

0.306

0.350

0.823

0.240

0.314

0.792

Sinovenous thrombosis

18

0.356

0.878

0.523

0.426

0.755

0.304

Presumed perinatal ischemic stroke

21

0.576

0.246

0.474

0.434

0.347

0.458

Vasculopathy

45

0.769

0.121

0.237

0.437

0.523

0.856

Moyamoya

14

0.875

0.415

0.369

0.324

0.628

0.478

Prothrombotic factors

19

0.690

0.263

0.462

0.588

0.353

0.526

Prior chronic illness

50

0.001a

0.201

0.054a

0.093

0.087

0.006a

a

0.482

0.654

0.449

0.651

Age at stroke

232

0.123

0.712

0.123

0.021

Stroke age recorded

232

0.114

0.774

0.113

0.020a
a

Age at examination

232

0.122

0.834

0.089

0.022

Time from stroke to examination

232

0.949

0.086

0.577

0.961

LP PSOM-RRQ,
p value

CB PSOM-RRQ,
p value

0.485

0.871

10.000

0.068

Abbreviations: CB ⫽ cognitive behavioral function; LC ⫽ language comprehension; LP ⫽ language production; LSM ⫽ left sensorimotor; PSOM ⫽ Pediatric
Stroke Outcome Measure; RRQ ⫽ Recurrence and Recovery Questionnaire; RSM ⫽ right sensorimotor.
a
Significant values. Seventeen cases were excluded because of missing data for the categorical measures; all 232 cases analyzed by multivariate analysis
for age/time variables.

comes is similar to previous work with the PSOM. In
an earlier study,4 the results of the PSOM moderately
correlated with parental responses to 2 questions that
were modified from the Euroqual measure. When
there was disagreement between the PSOM and the
2 Euroqual responses, the parents equally over- or
underestimated the subjects’ outcomes in all but neonates with arterial ischemic stroke.
Caution should be applied to the interpretation of
the RRQ. When there is a preexisting chronic illness
the tRRQ tends to be smaller than the tPSOM at low
scores. For all cases as the tRRQ increases to the high
range of the scale, the tRRQ tends to overestimate
the tPSOM. Multiple factors, such as age at onset or
age at examination, did not significantly affect the
tPSOM-tRRQ difference; however, we were unable
to examine the effect of preexisting neurologic deficits in detail. The frequency distribution data suggest
that neurologic deficits may contribute to the tRRQ
underestimating the tPSOM.
Despite these limitations, the RRQ provides an
important tool to assess a patient’s poststroke function particularly when a subject cannot appear for a
clinical assessment. While the RRQ does not supplant the PSOM, it can be used to estimate the
PSOM. As such the RRQ tool can be useful in stroke
outcome studies so that an investigator can capture
clinical outcome data that might otherwise be lost.
An ongoing project of the IPSS is to use the RRQ to
capture long-term outcomes of the cohort. A future
study should examine the interrater reliability and
the test-retest validity of the RRQ obtained by different interviewers when compared with the PSOM.
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