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Abstract

AIM—The increased survival of infants born at extremely low birthweight (ELBW) has been
associated with significant morbidity, including higher rates of neurodevelopmental disability.
However, formalized testing to evaluate these problems is both time-consuming and costly. The
revised Functional Status questionnaire (FS-11) was designed to assess caregivers’ perceptions of
the functional status of children with chronic diseases.

METHOD—We evaluated the reliability and validity of the FS-11 for ELBW infants at 18 to 22
months corrected age using data from the US Eunice Kennedy Shriver National Institute of Child
Health and Human Development (NICHD) Neonatal Research Network (NRN). Exploratory
factor analyses were conducted using data from the network’s first follow-up study of 1080
children born in 1993 to 1994 (508 males, 572 females [53%]), and results were confirmed using
data from the next network follow-up of 4022 children born in 1995 to 2000 (1864 males, 2158
females [54%]).

RESULTS—Results suggest that a two-factor solution comprising measures of general health and
independence is most appropriate for ELBW infants. These factors differed from those found
among chronically ill children, and new, more appropriate scales are presented for screening
ELBW survivors. Both scales demonstrated good internal consistency: Cronbach’s a=0.87 for
general health and a=0.75 for independence. Construct validity of the scales was assessed by
comparing mean scores on the scales according to scores on the Bayley Scales of Infant
Development, second edition (BSID-I1), and medical conditions.

INTERPRETATION—As hypothesized, infants with greater functional impairments according to
their BSID-I1 scores or medical conditions had lower scores on the general health and
independence scales, supporting the validity of the scales.
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Decreases in perinatal and infant mortality® reflect the success of sustaining the lives of
infants born increasingly more preterm. However, the increased survival of infants with
extremely low birthweight (ELBW; 401-1000g) may be associated with more functional
disabilities.2=* Overt neurodevelopmental impairments have been identified in up to 50% of
surviving ELBW infants,2:> and subtle deficits have been noted even more frequently.6—8
ELBW infants need ongoing developmental assessment well past infancy to identify
disabilities, yet formalized testing is both time-consuming and costly, and, therefore, is often
available only to the smallest or sickest newborn infants.

ELBW survivors with a disability may receive major health interventions to improve their
quality of life and facilitate caregiving. Many of these interventions are resource-intensive
and expensive, and are performed only when the child meets certain predefined criteria,
criteria which may be less relevant to the child or the caregiver. It is, therefore, necessary to
measure such interventions and outcomes from the family’s perspective to assess their
effectiveness. In this regard, a functional status measure would be useful both as a screening
tool and as a measure of intervention outcome.

Many health-related quality-of-life questionnaires have been used in adults. However, as
Hack® points out, adaptation of quality-of-life instruments for children is hampered by the
necessary requirement of adding a proxy respondent. Despite this concern, several
investigators have used quality-of-life measures to assess outcomes of even those born
extremely preterm.10-12

Recognizing the difficulties associated with follow-up of infants born at ELBW, participants
at a workshop sponsored by the National Institute of Child Health and Human Development
(NICHD) developed consensus statements addressing criteria for follow-up and appropriate
assessment methods and ages for evaluation. The consensus authors concluded that
alternative, less costly methods and approaches should be developed to supplement current
standardized testing.13 Specifically needed were assessments that are easy to administer, that
provide useful information to developmental specialists, parents, and teachers, and that can
be incorporated into the routine of both healthcare and educational professionals.

Using the criteria from that workshop, the investigators of the NICHD Neonatal Research
Network (NRN) evaluated available pediatric screening measures and chose to assess
ELBW infants with the revised version of the Functional Status questionnaire (FS-11)
developed by Stein and Jessop.14 The FS-I1, designed for children with chronic diseases,
assesses parents’ perceptions of their child in four domains: physical, psychological,
cognitive, and social functioning. It can be administered by a trained layperson in less than
30 minutes, and has been used with a young sample. All of these attributes are appropriate
for screening ELBW infants to assess the need for a more formal evaluation or early
intervention. However, the FS-11 had not been validated in a population of ELBW infants.

The analyses by Stein and Jessop used data from 732 children aged 2 weeks to 16 years who
were either chronically ill or well. Principal-component analysis determined the factor
structure associated with the questionnaire items for four age groups (<1y, 1y—23 mo, 2-3y,
>4y). In each age group, a total score was derived from a one-factor solution, and two
subscores were derived from a two-factor solution. Higher scores indicate more favorable
functional status. In the absence of data for ELBW children, we aimed to evaluate the factor
structure of the FS-11 data collected from a large cohort of ELBW children at 18 to 22
months corrected age and to compare our results with those of Stein and Jessop. Specifically
we hypothesized that the FS-I1, as it exists, is a reliable and valid proxy of the health and
functional status of ELBW children, and, if it was not, that a revised measure could be
developed.
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METHOD

Participants

The NICHD NRN maintains a registry of infants weighing between 401g and 15009 born at
participating centers. Trained personnel collect maternal and delivery data soon after birth
and infant data until discharge, 120 days of age, or death. Surviving infants with a
birthweight of 1000g or less are asked to return for a comprehensive follow-up visit at 18 to
22 months corrected age. Data from infants born between January 1, 1993 and September
30, 2000 who participated in the follow-up study were evaluated. Participation in the follow-
up study required written or verbal informed consent from the parent or primary caregiver.
The institutional review board of each participating center approved the study. Two network
follow-up studies were performed, which were a retrospective study of children born before
December 31, 1994 and a prospective study of children born after that time who were
enrolled before hospital discharge. To allow for cross-validation of results, we used this
natural grouping of data to split the sample into the following two groups, based on the
timing of network follow-up studies: children born between January 1, 1993 and December
31, 1994 (exploratory cohort) and those born between January 1, 1995 and September 30,
2000 (confirmatory cohort).

Assessment

Neonatal information collected in the registry included birthweight, gestational age, sex,
race, respiratory distress syndrome, receipt of surfactants, bronchopulmonary dysplasia
(BPD), and intraventricular hemorrhage (I\VVH). Using growth charts developed by
Alexander et al.,15 infants were classified as small for gestational age at birth, defined by
birthweight below the 10th centile for sex and gestational age. Respiratory distress
syndrome was defined as the presence of all four of the following: need for oxygen from 6
to 24 hours of life, clinical features of respiratory distress within 24 hours, need for
respiratory support up to 24 hours, and abnormal chest radiograph within 24 hours. BPD
was defined as the need for supplemental oxygen at 36 weeks postmenstrual age. IVH was
defined by cranial ultrasonography using criteria based on Papile et al 16

The 18- to 22-month follow-up included physical and neurological examination and
neurodevelopmental assessment using the Bayley Scales of Infant Development, second
edition (BSID-11).17 During the parent interview, the 28-item revised FS-11 was administered
by a trained interviewer. Questions are administered in two parts. Part 1 asks how often the
child performs a specified activity or behavior. Part 2 probes all of the part 1 responses that
are indicative of poor functioning to determine whether the behavior was due fully, partly,
or not at all to chronic illness. For this study, a chronic illness was defined as either a long-
term problem that the child had because of preterm birth or a similar-meaning chronic
illness secondary to the child’s history of preterm birth. Both probes were used to assure
parent understanding. All FS-11 items were recoded using the standard scoring instructions
for the questionnaire.1® As specified in the instructions, to isolate the impact of the
children’s chronic conditions on their functional status, if the parent indicated that the child
exhibited poor functioning that was not at all because of illness associated with preterm birth
(part 2 answers), that item was recoded to indicate good functioning. Items were reverse-
coded as needed so that higher values indicated better health (e.g. standard coding for ‘eat
well” would assign a low numerical value for the most positive response; this was recoded
so that the most positive responses now had a higher value). The mode was substituted for
missing item responses. Only eight (<1%) of the 1080 children in the exploratory group and
53 (1%) of the 4022 children in the confirmatory group had missing values for any of the
items. Of these 61 children, almost all (95%) were missing data for only one or two items.

Dev Med Child Neurol. Author manuscript; available in PMC 2011 January 31.
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As a sensitivity check, we ran the analyses excluding any children with missing data (rather
than using mode substitution), and the results were nearly identical to those presented here.

Children living outside of the home or with friends of the family at the time of assessment
were excluded from analysis, as it was likely that the individual providing the responses
would have less familiarity with the child. An a priori decision was made that the sex of the
primary caregiver might also influence the caregiver response. Thus data provided by male
caregivers were excluded. Participants missing more than 50% of the responses on the FS-II
were also excluded.

Statistical analysis

Characteristics of the exploratory and confirmatory cohorts were compared using the
Fisher’s exact or y2 test for categorical variables and the Wilcoxon test for continuous
variables.

The psychometric properties of the FS-11 were evaluated. To investigate the scale’s factorial
validity, a two-step procedure was used to identify the most appropriate factor structure for
the FS-I1. Factor analyses were performed initially for the exploratory cohort. As items were
categorical rather than continuous, polychoric correlations were computed, and unweighted
least-squares factor analysis was conducted. Polychoric correlations are used to assess the
relationship between two categorical variables, assuming that they reflect continuous
underlying variables. Promax, an oblique factor rotation method was used, because it was
expected that the factors would be correlated. Squared multiple correlations were used as the
prior communality estimates. The analyses were conducted using SAS version 8 (SAS Inc.,
Cary, NC, USA).

Factor structures from the exploratory factor analyses were tested using confirmatory factor
analysis models conducted for the confirmatory cohort. Goodness-of-fit statistics for each
model were examined to determine the most appropriate solution. We examined values for
the comparative fit index (CFI), Tucker-Lewis index, and the root mean square error of
approximation (RMSEA). If the model fits well, the CFI and Tucker-Lewis index should
have values of 0.90 or greater, and the RMSEA should be 0.05 or less. Correlated errors
were permitted between pairs of items with very similar content. Because the items are
categorical, the maximum likelihood—robust means and variance estimator was used,
providing parameter estimates that are robust to non-normality. We hypothesized that,
consistent with the results from Stein and Jessop,1# the FS-11 would group into two factors.

As caregiver perceptions may vary depending on the child’s sex, we tested the consistency
of the factor structure across sex. First, we fit a two-factor multigroup model that
constrained the factor loadings to be equal for both sexes; then we freed one loading at a
time and computed the change in model 2 to determine whether the loadings for the
individual items varied significantly across sex. The 2 difference tests were computed using
the method described by Muthén and Muthén.19

Using the final factor structure, scores were computed for each study participant.
Cronbach’s alphas were computed to assess internal consistency of the scales. Scale
construct validity was examined by comparing mean scores for groups of participants
according to their BSID-11 scores and whether they were blind (legally blind as reported by
parents) or hearing impaired (required hearing aids in both ears), or had cerebral palsy or
IVH grade 3 or 4. In addition, scores were compared for groups based on a composite
measure of neurodevelopmental impairment, defined as one or more of the following:
mental or psychomotor developmental index less than 70, cerebral palsy, blind in both eyes,
or hearing aids in both ears. We expected lower FS-11 scores for children with IVH grade 3
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or 4 or neurodevelopmental impairment. The statistical significance of the mean
comparisons was assessed using Wilcoxon tests.

Finally, we computed means and standard deviations of the two scale scores according to
demographical characteristics. Wilcoxon tests were conducted to test for significant overall
differences in scores, and Tukey’s studentized range to test for comparisons between
specific groups. A p-value of <0.05 was considered statistically significant.

A total of 11 240 ELBW infants born between January 1993 and December 2000 were
admitted to NICHD NRN centers. Of the 7131 who survived, 5192 (73%) had parents who
completed the FS-I1 at 18 to 22 months. Ninety children (2%) were excluded because their
caregiver did not attend the follow-up session, they were not living at home, or they had a
male primary caregiver. The exploratory cohort had 1080 participants; 4022 were in the
confirmatory cohort, based on the timing of the NICHD NRN studies (total n=5102).

Neonatal and sociodemographical characteristics between groups are compared in Tables |
and I1. In the confirmatory cohort, there were more white children, greater use of
surfactants, and more children diagnosed with BPD. However, fewer newborn infants in the
confirmatory cohort were diagnosed with respiratory distress syndrome or severe IVH, and
the median time to discharge was 3 days shorter. In the confirmatory cohort at follow-up, the
primary caregiver was more likely to be the mother, to have at least a high-school diploma,
and to have a higher household income and private medical insurance. These differences
most likely reflect differences in NICHD NRN enrollment sites as well as changes in
medical practice between time periods.

Exploratory factor analysis was conducted using FS-11 scores obtained from the exploratory
cohort. Based on the eigenvalues, scree plot, and pattern of loadings, the results suggest a
two-factor solution; eigenvalues for the first two factors are 12.3 and 2.5 (Table Sl,
supporting information published online, which contains factor loadings of the two-factor
solution). Consistent with Stein and Jessop’s results for chronically ill children at 12 to 23
months,1# factor 1 appears to measure general health. However, some items included in the
general health factor differed between studies. In contrast to our results, items FS1 (eats
well) and FS25 (no trouble with task) loaded on the general health factor in Stein and
Jessop’s factor analysis, whereas items FS13 (interested in environment), FS23 (temper
tantrums), and FS27 (timid) did not. Differences were also found between the studies on
items included in factor 2. Stein and Jessop found that items FS6 (sick and tired), FS7
(occupies self), FS9 (irritable), FS12 (seems difficult), FS13 (interested in environment), and
FS30 (concentrates) but not item FS5 (communicates) loaded on the second factor. Although
Stein and Jessop labeled this factor ‘responsiveness’, it appears that in our ELBW cohort the
second factor may be measuring independence. Our factor 2 includes measures of a child’s
ability to function without assistance, such as items FS22 (gets around house) and FS28
(eats independently), whereas some items indicative of responsiveness, such as FS9
(irritable) and FS13 (interested in environment), did not load on this factor.

In addition to the two-factor solution, we also fit a one-factor model. Using the ELBW
cohort data, all items loaded on this overall factor except item FS15 (special equipment),
which had a loading of 0.39. By contrast, items FS5 (communicates), FS22 (gets around
house), FS23 (temper tantrums), FS27 (timid), and FS28 (eats independently) did not load
on the total factor in Stein and Jessop’s analysis.14

We tested these one- and two-factor solutions by conducting a confirmatory factor analysis
using data collected from the 4022 infants included in the later cohort. The two-factor

Dev Med Child Neurol. Author manuscript; available in PMC 2011 January 31.
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solution provided a better fit, with higher comparative fit and Tucker—Lewis indices (CFI:
0.93 vs 0.87; Tucker—Lewis index: 0.97 vs 0.95), and lower RMSEA (0.047 vs 0.068).
These findings indicate that the FS-11 items may be most appropriately divided into two
factors, one representing general health and the other representing independence, and
confirm the results from our exploratory factor analysis.

A multigroup factor analysis of the confirmatory cohort data suggested that the factor
structure is generally consistent across male and female infants. The items split into the
same two factors for both sexes, and the »2 difference tests suggested that loadings for only
two of the items (FS27=timid and FS23=temper tantrums) varied significantly across the
two sexes, with a marginally significant difference on a third item (FS13=interested in
environment). Results by sex are shown in Table SII (supporting information, published
online).

Data from the exploratory and confirmatory cohorts were combined and two new scales
corresponding to the two factors were calculated using the following equations:

general health=([ sum of items {2 — 4, 6,8 — 14,21, 23,24,27,29, 32,33}]/36)x100

independence=([ sum of items {5, 22, 25, 26, 28, 34}]/12) x 100

Both scales demonstrated good internal consistency (Cronbach’s a=0.87 for general health,
a=0.75 for independence). To assess the construct validity of the scales, mean scores on the
two scales were compared according to BSID-I1 scores and medical conditions (Table I11).
Infants with greater functional impairments based on their BSID-I1 scores or medical
conditions had significantly lower scores on the general health and independence scales
(p<0.001). As may be expected, the differences appear to be particularly pronounced for the
independence scale.

To provide comparison data for future users of these scales, mean scale scores and
percentages of children scoring one or two standard deviations below the mean are shown
for children in this high-risk cohort by neonatal characteristics in Table V. On average,
scores were higher for females than for males and for those with greater birthweights and
born at later gestational ages. Significant differences were also observed by race, with black
children having lower scores than white children.

DISCUSSION

Functional assessment in children is described by McCabe and Granger as ‘an effort to
systematically describe and measure a child’s abilities and limitations when performing the
activities of daily living.”20 Well-characterized FS-11s have not been widely available for
infants born at ELBW. In older children, at least two problems have limited the use of
functional status or quality-of-life questionnaires. First, the respondent is typically the parent
rather than the child. Second, functional status measures for children must account for the
normal, nonlinear evolution of developmental skills, particularly for very young children. In
adults, functional status or quality-of-life assessment responses are influenced by cultural,
social, and educational backgrounds of the individual; similar effects may be seen in
children. In addition for child measures, the child’s medical history, use of outpatient
services, and expectations for the child all play a significant role in shaping parental
responses. Responses may also be altered by the respondent’s knowledge of normal child
development, previous child-rearing experiences, and exposure to the developmental

Dev Med Child Neurol. Author manuscript; available in PMC 2011 January 31.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

COSTA et al.

Page 7

assessments and educational enrichment programs that the child attends. Despite these
limitations, in older children functional status or quality-of-life questionnaires have been
found to be accurate in determining overall developmental delay.?!

The FS-11 was originally developed and revised by Stein and Jessop4 for infants and
children with chronic illnesses. It has age-appropriate sets of questions and is designed to
measure the impact of chronic physical disorders on the functioning of children across the
entire pediatric age group. It has also been used by the Infant Health and Development
Program to assess improvements in health status as a result of early intervention programs
for low-birthweight infants.22 Additionally, the parent version, but not the child version, of a
Dutch adaptation of the FS-I1 has been reliably used to measure health status of children
with asthma.23

This study was conducted using two similar samples of ELBW survivors assessed at 18 to
22 months corrected age. Our combined sample size of 5102 children is, to our knowledge,
the largest in the literature assessing pediatric health-related quality-of-life measures. We
found that both scales (general health and independence) derived using the combined data
have acceptable internal consistency reliability with Cronbach’s alphas of 0.87 and 0.75
respectively.

On the basis of the factor analyses of both cohorts from the NICHD NRN, we recommend
that, for the evaluation of ELBW infants, clinicians use two scales of revised FS-11 items
representing general health and independence. Given that the factor structure was generally
consistent across the two sexes, with only three of the 26 items exhibiting sex differences,
we also recommend using the same scales for both sexes.

In addition to the FS-II, other measures of functional ability and health-related quality of life
in children are now available, including the Functional Independence Measure for Children
(WeeFIM), which was developed in 199310:24 \when the NICHD NRN was making its
choice of measures. Other measures including the standard version of the Vineland Adaptive
Behavior Scales and the Pediatric Evaluation of Disability Inventory2® are available.
However, the former consists of 301 items and takes 45 to 60 minutes to administer, and the
latter, which is meant to be a discriminative measure of functional limitation in children,
requires 45 minutes and administration by trained personnel.

In summary, based on exploratory and subsequent confirmatory factor analyses, we
validated the revised FS-I1 in the follow-up of high-risk ELBW infants. We propose new
general health and independence scales and have provided the equations for determining the
scale scores. As a next step we propose to assess how well these scores predict
neurodevelopmental status in this cohort of ELBW infants. If predictive, the revised FS-11
could serve as an easy-to-administer screening tool in similar cohorts of ELBW infants for
identifying children needing formalized developmental testing.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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LIST OF ABBREVIATIONS

BPD Bronchopulmonary dysplasia
BSID-11 Bayley Scales of Infant Development, second edition
CFI Comparative fit index
ELBW Extremely low birthweight
FS-11 Functional Status Questionnaire (revised)
IVH Intraventricular hemorrhage
NICHD National Institute of Child Health and Human Development
NRN Neonatal Research Network
RMSEA Root mean square error of approximation
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Table Il

Mean scale scores by BSID-11 score and medical conditions

Participants (n)  General health mean (SD) Independence mean (SD)

BSID-II mental developmental index

<70 1517 88.2(13.9) 74.3 (24.5)

>70 3183 93.4(10.8) 91.9 (12.1)
BSID-II psychomotor developmental index

<70 1079  88.6 (13.1) 69.9 (25.6)

>70 3564 92.7 (11.7) 91.1 (13.0)
Blind in both eyes

Yes 58  85.7 (11.5) 46.6 (29.0)

No 4897 91.7(12.2) 86.6 (18.4)
Hearing impaired in both ears

Yes 84 88.2(12.4) 66.6 (27.0)

No 4828 91.7 (12.2) 86.6 (18.6)
Cerebral palsy

Yes 740 88.1(13.3) 66.5 (27.7)

No 4248 92.2(11.9) 89.5 (14.7)
Grade 3 or 4 intraventricular hemorrhage

Yes 691  90.5 (11.9) 78.2 (24.5)

No 4375 91.8(12.2) 87.4 (17.8)
Neurodevelopmental impairment

Yes 1961  89.0 (13.4) 76.2 (23.6)

No 2697 93.6 (10.8) 92.8 (11.3)

All group comparisons for both scales were significant with p<0.001. Neurodevelopmental Impairment was defined as one or more of the
following: mental or psychomotor developmental index less than 70, cerebral palsy, blind (legally blind as reported by parents) in both eyes, or
hearing impaired (requiring hearing aids in both ears). BSID-I1I, Bayley Scales of Infant Development, second edition.

Dev Med Child Neurol. Author manuscript; available in PMC 2011 January 31.



Page 15

COSTA et al.

'10°0>d
100>d,
.So.ovgo

'(50°0>d) 8e2s yijeay [esausb ayp 1oy ualp|Iyd

oluedSIH pue S)IYM USaMIQ SSOURIRIP PUB S3[BIS U10g J0) UsIPIIYD YIB|q pue aIYM U3aMIaq S3UsIaIp JuediyIubis payealpul suosLedwod 90Y-150d “UsIp|IYd Jnoy 10y BUISSILW SeM UOITeWIoUl 90eY

q

*(50°0>d) a[eas aouapuadapu| 8y 40} S|9A3] [Je UdaMIB] pue a[eds Uiesy [eJaush ayl uo symez<
pue syMgz—Gz abe [euoielsel UsaMmiag pue SHMBZZ SA SHMGZ> abe [euolre1sab Ylm UaIp[Iyd Usamiag Saoualasdip Juedlyiubis pajesipul suosuedwod 90Y-1s0d PlIyd auo Joy Buissiw sem abe _mco_ﬁmmwm

(L (1) 9T (L21) 288 (®)TT (1) 6T (0zn) €16 Jayro

) L2 (1) 66 (g81) 598 (Mo (1) 58 (Ter) 216 oluedsiH

() 56 (sT) v8¢ (881) 228 (W) €L (8) 99T (7'01) 8'€6 aNUM

(9) geT (67) 25¥ (961578 (g) go1 81 z17 5(0°€T) 0'06 foelg
geoed

(¢) oz (en) 6L (com) 006 (9)¥e (1) 69 (6T1) T°€6 622

() 85T (971) 675 (981) 998 (1) 82e (1) T9¥ (ze1) 916 8¢-G¢

®z8 (€2) 122 o122 118  (9) 19 (1) 28T o(¢21) 906 52>
SHM ‘80 |euoneIseD

(%) €€T (sT) L9V (o81) 628 (9) TOC (1) 90% (ze1) 616 000T-TS.

W Lz (02) 68¢ 2(902) T'E8 () zz1 1) 922 p(cen) 216 05.-T0¥
6 bramying

(¥) 911 (¥1) 8¢ (Ter) 928  (9) 29T (1) TeEC (Ten) eee alewad

© vv1 (02) 8Ly o100 v'¥8 (1) 101 (1) T8¢ 2(€21) 606 oleIN
NEN
(s) 09z (21) 958 (rer) 198  (9) €ee (e7) 289 (zz1) 916  Ssweddned v
(%) u (%) u (@s)uesn (%) u (%) u (@s) ueain algeLIeA

uesW MoJ3q SZ>  Ueaw Mojsq asT>

uesW MoJ3q SZ>  Ueaw Mojsq asST>

aouapuadapu|

Uiesy [elaus

Al 3|0eL

SO1S11919BIBYD [B1RU03U AQ SWIOU 8103S 8]LIS

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

available in PMC 2011 January 31.

Dev Med Child Neurol. Author manuscript



