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Abstract

Purpose—The purpose of this study was to evaluate inter-rater reliability and validity of a 

proposed functional outcome battery for clinical trials in children with Sturge-Weber Syndrome 

(SWS).

Methods—10 children were evaluated twice on the same day using a series of functional 

outcome measures selected for sensitivity to the range of age and function of children with SWS: 

Modified Rankin Scale, Pediatric Evaluation of Disability Index, Modified House Functional 

Classification, and a modified version of the Erhardt Developmental Prehension Assessment. 

Inter-rater reliability was calculated, and criterion validity was explored through correlations with 

the Sturge-Weber Syndrome-Neurological Rating Score (SWS-NRS).

Results—Inter-rater reliability was high across all measures. Correlations were identified 

between the SWS-NRS and the study measures.

Conclusions—The proposed battery of functional outcome measures captures child’s 

functioning at the levels of impairment, activity and participation and is robust to evaluation by 

different raters and across sessions on the same day. This battery is expected to be sensitive to 

treatment-related changes in qualitative patterns of hand use, functional skills, and/or change in 

independence in daily living.
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Introduction

Sturge-Weber Syndrome (SWS) is a rare neurocutaneous disorder that frequently results in 

functional deficits. As clinical trials begin in SWS, a battery of functional outcome measures 

will be needed that is applicable to the heterogeneous population of SWS patients. Our goal 

is to propose and validate a battery of measures that quantifies upper extremity motor skills 

and independence with daily activities and measures function across the domains of 

impairment, activity and participation.

Due to brain involvement in SWS, functional deficits frequently result and may be due to 

hemiparesis or other motor impairments, cognitive/behavioral dysfunction, epilepsy, and/or 

visual field cut [1,27,31,21]. Prior work has highlighted significant variability in clinical 

presentation of children with SWS [37,32]. Furthermore, individuals with SWS may show 

notable changes in function in association with seizures and stroke-like episodes [32].

The underlying somatic mosaic mutation for SWS has been recently reported [30], providing 

important insights into pathogenesis and potential targets for treatment strategies. As 

therapeutic strategies for Sturge-Weber Syndrome are being proposed [e.g. [23,22]] and 

targeted, the field is preparing for clinical trials in this population. Along with important 

measures of disease severity, such as frequency of seizures and stroke-like events, an 

important goal of intervention is maintenance or improvement of functional skills. Clinical 

studies will thus need to incorporate a battery of functional outcome measures, which are 

sensitive to the range of function observed in this population and demonstrate reliability 

over multiple administrations.

Given the rarity of SWS, it is anticipated that clinical trials will enroll individuals over a 

broad age range and functional level. Furthermore, given that therapy may be most effective 

if started at a very young age, prior to onset of seizures and/or acquired functional deficits, 

the ability to assess the functional status of infants will be important. Additionally, ideal 

assessments will make use of readily available items, allowing for cost-effective assessment 

of children in a multi-site project.

We performed an extensive literature search for common measures of upper extremity and 

activities daily living (ADL) function. Of the assessments identified, many possible 

measures were limited by the need to capture the function of very young children. Based on 

the identified importance of using outcome measures across the World Health Organization 

(WHO) International Classification of Functioning to characterize pediatric neurological 

disorders [11], we chose an assessment battery that would evaluate functioning at the 

impairment, activity and participation levels. The WHO defines impairment as a problem in 

the structure or function of the body, activity as the performance of an action or task by a 

person, and participation as engagement in a life situation [34,35]. The purpose of this study 

was to explore the reliability and validity of the selected battery of tests in children with 

SWS.
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Methods

This study was approved by the Johns Hopkins Medicine Institutional Review Board. 

Parental written informed consent was obtained for each parent-child dyad.

Participants

A convenience sample of ten children with SWS ranging from 9 months to 11 years old was 

enrolled in this study in conjunction with clinical evaluations in the Hunter Nelson Sturge-

Weber Syndrome Center. Diagnosis of SWS was confirmed by the SWS Center Director 

(A.C.) based on clinical and imaging findings.

Overview of Measures; see also Table 1

Modified Rankin Scale (mRS): The mRS is a National Institute of Health common data 

element for stroke. It is a 6 point standardized scale that assesses patient participation and 

residual disability post stroke which includes death as a possible outcome. Raters complete 

an online training (http://rankin-asa.trainingcampus.net/uas/modules/trees/windex.aspx). 

The mRS can be quickly and efficiently completed; however, it was designed for adults, and 

the criteria used for assessing independence are not developmentally appropriate for 

children. While good inter-observer reliability has been reported with use in children [3], 

some authors have combined the mRS with age-appropriate markers of function (i.e. need 

for school modifications) [4]. In an effort to improve inter-rater reliability for the current 

study, supplemental descriptions for scores 1, 2, and 3, mutually agreed upon by the 

evaluators (T.R. and S.S.) were used when rating the mRS. A score of 1, “No significant 

disability despite symptoms; able to carry out all usual duties and activities,” was further 

described as a child who “performs at an age-appropriate level in activities of daily living 

(ADLs), school, and play activities.” A score of 2 “Slight disability; unable to carry out all 

previous activities, but able to look after own affairs without assistance,” was further 

described as a child who “requires assistance with ADLs but does not need special education 

services nor additional supervision for play.” A score of 3, “Moderate disability; requiring 

some help, but able to walk without assistance,” was further described as a child who 

“requires special education services.”

Pediatric Evaluation of Disability Index (PEDI) [12]: The PEDI is a parent report 

questionnaire and structured interview that assesses a child’s level of participation in the 

functional domains of self-care, mobility and social function. In less than 30 minutes, 

information is acquired about multiple aspects of home and community functioning. Tasks 

in these domains are broken down into a developmental progression, reducing the likelihood 

of scoring at the floor of the measure and making the test sensitive to small changes in 

function. A Caregiver Assistance and Modification subsection provides additional 

information about caregiver burden in relation to these areas of functioning. The unique 

design and holistic nature of this assessment allows it to include children with a combination 

of physical and cognitive disabilities [33]. The tool can also discriminate between a child 

with and without a disability [8]. There are numerous papers confirming the reliability and 

validity of this tool as well as its ability to detect change over time [for review, see [19]]. 

The PEDI has been used previously as an outcome tool for children with hemiplegia [26,5].
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The PEDI is normed for children 6 months through 7 years; however, it was also used with 

older participants in this study. Use in older children has been reported in other studies of 

children with disabilities [e.g. [14,36]] in which many of the participants are functioning 

below age-based expectations and therefore did not reach the test ceiling. In the current 

study, raw scores were used for determining inter-rater reliability and for evaluating scores 

in relationship to the floor and the ceiling of the measure. Scaled scores were used for 

summary purposes and correlations with other measures. Scores were examined for child’s 

independence in self-care, mobility, and social “functional” domains as well as “caregiver 

assistance” needs for each of those three domains.

Modified House Functional Classification (MHC): The House Classification was initially 

presented as a means for clinically categorizing function of a hemiparetic arm/hand; the 

scale consists of 9 categories ranging from “does not use” to “spontaneous use, complete” 

[17]; in the MHC, specific tasks for use in assessment were delineated [20]. This 

observational tool assesses the affected arm/hand through functional unimanual and 

bimanual skills such as opening a marker, cutting with scissors, and picking up small items 

from a table top surface. Tasks are scored as achieved or not achieved. The MHC was 

described to have good construct validity with the Manual Ability Classification Scale and 

ABILHAND-Kids [10]. A high level of intra-rater (0.96) and inter-rater reliability 

(ICC=0.92) have been shown [20], and the MHC has been used as an outcome measure of 

treatment to improve upper limb function [29,28]. There is a high ceiling for test items, and 

the assessment is sensitive to typical hemiplegic compensatory movement patterns and 

limitations. Two scores were assessed; the total number of items that a participant was able 

to complete (“items”) and the highest category for which the participant could complete all 

tasks (“category”).

Modified Erhardt Developmental Prehension Assessment (mEDPA) [6]: The EDPA is a 

qualitative measure for tracking hand skill development that assesses detailed gradations of 

fine motor function as assessed by 17 tasks. The EDPA captures the functional capacity of 

very young children and those that have very limited hand function. This measure provides a 

description of not only what the child achieves but how the child achieves it; in providing a 

measure of the quality of movement, it complements the MHC well. Additionally, the 

EDPA assesses function of both the dominant and non-dominant hand, which is important in 

the SWS population, as some children show motor impairments bilaterally. Intraclass 

correlations for inter-rater reliability were found to range from .42–.85, for the original 

unmodified version [7].

With permission from the author (Erhardt, 2010, personal communication) the authors 

modified use of the EDPA by using 6 subscales which examine single-step, voluntary hand 

and finger movements. Typical use of the EDPA includes qualitative evaluation of highly 

specific motor components for each developmental level of task completion; for the 

purposes of this study, each subtest was scored by noting the highest developmental level at 

which the participant achieved all motor components. An ordinal scale was created for each 

subtest by sequentially numbering the developmental stages provided for that subtest. For 

the purpose of examining sensitivity and validity, summed scores of the ordinal rankings 

were created for the dominant hand and non-dominant hand separately.
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Sturge-Weber Syndrome-Neurological Rating Score (SWS-NRS): As previously described 

[18], the SWS-NRS provides a clinically derived rating of visual field cut, frequency of 

seizures, hemiparesis, and age-based evaluation of cognitive functioning (see Table 2). The 

total score is a sum of subscores and can range from 0 (no neurological impairment) to 15. 

SWS scores were assigned by the SWS Center Director (A.C.) during clinical visits; the 

SWS score closest in time to the date of the study visit was used; time between SWS score 

and study visits ranged from 0–85 days (median=0 days).

Procedures

The testing battery (mRS, PEDI, MHC, mEDPA) was performed twice on same day by two 

different examiners [a pediatric occupational therapist (T.G.R.) and a pediatric physiatrist 

(S.S.)]. These two examiners evaluated all children and were blinded to each other’s results 

on the day of testing. The two evaluation sessions were separated by several hours. Each 

testing session was less than one hour in duration.

Prior to test administration, examiners agreed upon using a specific, height adjustable table 

and providing foot support to participants when feasible in order to support optimal postural 

stability. When variations to this set-up existed, most often due to size/height of the child or 

cooperation level (e.g., preferred sitting on parent’s lap for testing), this information was 

provided from the first examiner to the second examiner, in an effort to ensure replication of 

testing position in order to limit position as a factor on assessment performance. The same 

parent completed PEDI in both testing sessions.

Items from MHC and mEDPA were combined for administration in a way that flowed 

sequentially between tasks in a play based fashion. For example, tasks requiring grasping 

and manipulating a marker, drawing, and cutting were placed in sequence to encourage 

natural engagement of the child in play-like activities. The order of selected tasks was also 

carefully determined by the occupational therapist (T.G.R) to reflect pediatric clinical 

experience in order to optimize the child’s participation. For example, drawing is an 

enjoyable experience that children often have difficulty terminating, so this task was placed 

last in the battery. Tasks were presented in a standardized order with standardized verbal 

prompts and demonstrations (see Online Resource 1), and the same materials were used 

across sessions to elicit desired behaviors. Examiners established a set number of trials (3) 

permitted for each task to control for inconsistency; best performance on any of the three 

trials was scored.

Statistical Analyses

All statistical analyses were performed in SPSS 20 with statistical significance at p<0.05. 

Descriptive statistics were used to examine sample characteristics. Inter-rater reliability was 

evaluated through two-way mixed, consistency, single-measures intraclass correlations 

(ICC) as an equivalent measure for the quadratic-weighted weighted kappa statistic [9,15]. 

Strength of Kappa was judged per Landis and Koch: ≤0=poor, .01–.20=slight, .21–.40=fair, .

41–.60=moderate, .61–.80=substantial, and .81–1=almost perfect [24]. Spearman’s 

correlations and overall agreement are also reported as measures of inter-rater reliability. 

The number of participants with an assigned score from either rater at the floor or ceiling for 
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the selected measures was examined to assess sensitivity to the full range of physical 

abilities and motor skills in this population. Criterion validity was explored through 

correlations of mean scores (mean of Rater 1 + Rater 2) for mRS, PEDI, MHC, and mEDPA 

with SWS-NRS scores. As all of the ordinal scales contained five or more rankings, 

Pearson’s correlations were performed and were controlled for child’s age via partial 

correlation. Strength of correlations, based on correlation coefficient, was assigned using the 

following parameters: r=0–0.2 (very weak), r=0.2–0.4 (weak), r=0.4–0.7 (moderate), r=0.7–

0.9 (strong), r=0.9–1.0 (very strong). Partial correlations, controlling for age, were used to 

examine associations among the mean scores from the selected measures.

Results

Demographics

Children ranged in age from 9–136 months; there were 6 girls and 4 boys. Four participants 

had bilateral brain findings of SWS; the other 6 had unilateral brain involvement (3 right 

hemisphere, 3 left hemisphere). Three participants had bilateral skin involvement, 6 had 

unilateral skin involvement, and 1 had no skin involvement. Three participants had bilateral 

eye involvement, 4 had unilateral eye involvement, and 3 had no eye involvement.

Total SWS-NRS scores ranged from 2–10; hemiparesis subscale scores ranged from 0–4 

(mean 1.6), cognitive subscale scores ranged from 0–4 (mean 1.9), seizure subscale scores 

ranged from 1–4 (mean 1.9), and visual field cut scores ranged from 0–2 (mean 0.5). One 

child was post-ictal and somnolent on the day of the study visit and was unable to participate 

in active assessment; for this child only the parent-report measures (mRS and PEDI) were 

completed. For a different child PEDI Caregiver Assistance data were not obtained. 

Participant ages and performance on the testing battery are summarized in Table 3.

Inter-rater reliability

Inter-rater reliability data are provided in Table 4. Kappa for mRS, PEDI functional domain 

scores, and MHC were almost perfect. Kappa for PEDI Caregiver Assistance scores ranged 

from substantial to almost perfect. Kappa for 10 of 12 items of the mEDPA was also almost 

perfect, with values for dominant hand cube grasp and non-dominant hand pellet grasp 

falling into the substantial range. Correlation coefficients for the mRS, PEDI functional 

domain scores, and MHC were very strong. Correlation coefficients for the PEDI Caregiver 

Assistance scales and mEDPA tasks ranged from strong to very strong.

Floor and Ceiling Effects

For the mRS, no child scored at the ceiling; while the absolute floor of the measure is death, 

2 children were assigned the lowest possible score for a living child. For the MHC, one child 

received a score at the ceiling, and no child received a score at the floor. For the PEDI (raw 

scores), one child scored at the ceiling for mobility skills; no child performed at the ceiling 

for self-care or social skill domains, and no child scored at the floor in any domain. For the 

caregiver assistance scores, two children received scores at the ceiling, and three children 

received scores at the floor. Five children scored at the floor of at least one subtest of the 
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mEDPA, but no child scored at the floor for all subtests. Six children scored at the ceiling of 

at least one subtest of the mEDPA, but no child scored at the ceiling across all subtests.

Validity

Correlations with SWS-NRS scores are shown in Table 5. mRS score showed a trend toward 

correlation with Total SWS-NRS. PEDI mobility scaled score was correlated with Total 

SWS-NRS, and all PEDI functional scale subscales were correlated with SWS-NRS 

Cognitive subscore at p=.05. MHC Items was significantly correlated with Total SWS-NRS 

and Hemiparesis subscore. Dominant summed score for mEDPA was significantly 

correlated with Total SWS-NRS score, and mEDPA Non-dominant summed score was 

significantly correlated with Total SWS-NRS and Cognitive subscore, with a trend toward 

correlation with Hemiparesis score.

Correlations among measures

mRS, PEDI functional domain and caregiver assistance, MHC, and mEDPA scores were 

strongly to very strongly correlated with each other, with the exception of PEDI social 

functional skills not being correlated with either mRS or PEDI self-care caregiver assistance.

Discussion

The purpose of this study was to explore reliability and validity of a proposed assessment 

battery consisting of the mRS, PEDI, MHC, and a modified version of the EDPA for 

describing the function of children with SWS. In this pilot sample, the battery demonstrated 

excellent inter-rater reliability when performed twice on one day, with separate evaluations 

performed by a pediatric occupational therapist (OT) with expertise in children with 

hemiparesis and a pediatric physiatrist. This suggests that the chosen battery, when 

performed in a standardized fashion, is expected to be robust not only in the face of different 

evaluators but also to an individual child’s variability within a given day.

The SWS-NRS is the current standard for describing the disease-related function of children 

with SWS, with SWS-NRS scores correlating with brain atrophy [18], brain perfusion and 

brain metabolite ratios [25], and quantitative EEG [16]. Correlations of the proposed 

functional evaluation battery with SWS-NRS demonstrate criterion validity for this battery 

but also highlight that function in a child with SWS is not mediated by motor function alone; 

in particular, cognitive function is an important mediator of independence with daily living 

skills, as demonstrated by correlations between the SWS-NRS Cognitive subscale score and 

PEDI scores. Likewise, the Total SWS-NRS, describing not only motor and cognitive 

function but also seizure frequency and visual field cut, is correlated with at least one score 

from all tests examined, reinforcing the previously described importance of overall disease 

stability in function in children with SWS [32]. The lack of correlation between SWS-NRS 

Hemiparesis and Cognitive subscale scores and portions of the proposed functional 

evaluation battery underscore the importance of outcome measures which specifically target 

the real-world functional goal of treatment (e.g. improved hand use or self-care skills) rather 

than solely relying on the SWS-NRS as a proxy of a child’s function.
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The combination of parent-report measures (mRS and PEDI) which reflect a child’s real-

world skills with measures requiring direct evaluation of the child’s skills (MHC and 

mEDPA) is felt to be a strength of this testing battery. There are benefits and challenges of 

assessment via parent report; one benefit is that information can be obtained despite the 

child’s level of cooperation/participation during an evaluation session. In this study one 

child was post-ictal and could not participate in direct evaluation due to lethargy, yet 

functional information was still obtained through the parent-report measures. A challenge is 

that the available parent must be able to report on their child’s functioning, though from the 

clinical experience of the OT in this study, this is not often an issue with this population of 

children. During this study no parent had difficulty reporting on function, nor did test 

responses contradict behavioral observations. Furthermore, parent-report allows assessment 

within the ICF domain of participation, which otherwise would be very difficult to achieve 

without lengthy observations of the child in his or her typical environments.

For the mRS, agreed-upon child-relevant definitions of functional categories, as were used 

here, are felt to be key to achieving reliable use within a pediatric population. While scores 

on the mRS were restricted within this small cohort, additional variability is expected if 

applied to a broader SWS population. Additionally, this is the only measure within the 

current battery which captures death as a possible outcome.

A computer-based version of the PEDI has now been released (http://pedicat.com/category/

home/) and is normed for children from birth through 20 years of age. This version assess 

the functional domains of self-care, mobility, and social skills and has an added domain of 

“responsibility” which captures how much responsibility a child takes for activities that 

enable independent living and replaces the Caregiver Assistance scales. It is expected that 

use of this newer, computerized version will reduce variability that was observed in the 

Caregiver Assistance interview portion of the PEDI. Additional benefits are that this 

computerized version does not require time of a skilled examiner for completion, and this 

version allows assessment of skills over a larger range of typical function, thereby raising 

the ceiling of the measure. Because the PEDI-CAT integrates item response theory, 

administration time is also expected to be much shorter compared to the PEDI. Given these 

benefits, for future studies we recommend use of the PEDI-CAT in place of the PEDI.

The MHC and mEDPA were felt to complement each other well for direct child observation 

in order to not only test a large range of arm and hand skills (MHC) but also to capture 

whether immature movement patterns were used (mEDPA). As the EDPA requires very 

precise observation for optimal description of a child’s motor patterns, the raters found it 

difficult to assess all aspects of movement qualitatively within a limited time period, 

especially given that the participants were unfamiliar to the examiners. Videotaping of MHC 

and mEDPA assessments would be useful if greater detail in description of qualitative 

movements is desired for either test; while qualitative assessment of movement is not 

currently captured as part of MHC, change in movement pattern for completion of tasks 

could change with improvement in function. Videotaping would also allow determination of 

intra-rater reliability as well as inter-rater reliability of scoring within a single session.
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Despite the measures being strongly correlated with each other, the entire proposed battery 

is judged to be appropriate for use in SWS clinical trials if the course of change in function 

that will follow with treatment of SWS is not known. By maintaining the entire battery, until 

additional data suggest otherwise, outcome measures will allow capture of changes in 

qualitative patterns of hand use, functional skills, and/or change in independence in daily 

living. Furthermore, use of the complete battery in this cohort demonstrates the ability to 

detect improvement from current function, given that only rare scores at the ceiling were 

achieved, and no child achieved scores at the ceiling for every test. Over time, the battery of 

tests may be able to be shortened, based on observations from additional use.

Should future trials be designed to specifically evaluate one functional outcome, then the 

battery could be more focused. If only one measure is desired to rate global function, then 

the PEDI is recommended for use. Advantages of the PEDI include its psychometric 

validation in children as well as the availability of age-based norms, which would allow 

examination of whether a child is “catching up” to age-based norms or if he or she, though 

making functional gains over time, remains more “statically” delayed in comparison to age-

based norms. Furthermore, the PEDI breaks functional skills into detailed elements, which 

may allow better assessment of change in developmental skills overtime, as opposed to the 

mRS in which global changes in overall independence, likely a longer term result of 

treatment, are required to observe a change in score. While in the current study absolute 

agreement was better for the mRS, likely due to the restricted number of scoring options, 

inter-rater reliability was better for PEDI. If one measure for evaluating hand function is 

desired, then the authors recommend use of the MHC, based on ease of administration and 

more consistent inter-rater reliability in the current study. Although published studies use the 

MHC for children no younger than 2 years old [10], potentially limiting its use for studies of 

infants, there are items across categories 1–7 which are applicable to age-appropriate arm 

function in children as young as 6 months; in the current study, a 9 month old child 

completed 10 items on the MHC.

Involvement of a pediatric OT in the selection of the current battery and orchestration of the 

testing protocol is felt to have been a key component contributing to the strong results 

achieved with this battery and is recommended for clinical trials. Occupational therapist 

(OTs) possess a unique skill set that covers multiple domains of functioning [2]. OTs’ 

training allows them to assess how a person’s component skills set such as vision, posture, 

dexterity, cognition, strength and range of motion interact with the environment and task 

demands to impact the execution of self-care and functional activities. In this study the OT 

was essential in selecting appropriate assessment tools that provided a comprehensive 

battery. The OT also chose the order of measures, materials, and flow of evaluation to 

encourage an accessible and play-based testing atmosphere. Furthermore, in qualitative 

examination of the data, the authors found that the OT was more perceptive to delays in 

hand function, deviant grasp patterns, posture, and seating impact on performance and 

common hand skill/self-care deficits associated with hemiplegia/neuromotor deficits. Thus, 

investigators are encouraged to utilize experienced pediatric OTs to complete such 

assessments, based on their astute clinical observation skills.
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The current data reflect only an initial evaluation of the reliability and validity of these 

measures in this population. Limitations of these data include the small sample size and the 

need to document, in future studies, the responsiveness of these measures to change, though 

the PEDI and MHC have been used in other populations to document response to 

interventions [29,28,36,13]. While a large age range within childhood was captured in the 

current sample, the youngest child in this cohort was 9 months of age, and therefore 

additional evaluation is needed to demonstrate reliability in younger infants, especially 

given that this age group may be of particular interest with regard to SWS clinical trials. 

Nevertheless, these data reflect an important first step in creating a standardized battery of 

functional outcome measures for children with SWS.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements

This work was supported by grants from the National Institute of Neurological Disorders and Stroke (NINDS) 
(National Institutes of Health [NIH] U54NS065705) (to Dr. Comi) and from Hunter’s Dream for a Cure Foundation 
(to Dr. Comi), Celebrate Cure Foundation (to Dr. Comi) and Faneca 66 Foundation (to Dr. Comi). The Brain 
Vascular Malformation Consortium (U54NS065705) is a part of the NIH Rare Disease Clinical Research Network, 
supported through a collaboration between the NIH Office of Rare Diseases Research at the National Center for 
Advancing Translational Science and the NINDS.

The authors thank Rhoda P. Erhardt, MS, OTR/L, FAOTA for her input on the use of the EDPA and review of the 
manuscript.

This study was approved by the Johns Hopkins Medicine Institutional Review Board and was therefore performed 
in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments. 
Parental written informed consent was obtained for each parent-child dyad.

References

1. Alkonyi B, Chugani HT, Karia S, Behen ME, Juhasz C. Clinical outcomes in bilateral Sturge-Weber 
syndrome. Pediatric neurology. 2011; 44(6):443–449. [PubMed: 21555056] 

2. American.Occupational.Therapy.Association. Occupational therapy practice framework: Domain 
and process. American Journal of Occupational Therapy (3rd ed). 2014; 68(Supplement 1):S1–S48.

3. Borone J, Cox M, Keslake J, Prengler M, Ganesan V, Kirkham F. Predictors of outcome in 
paediatric stroke. Arch Dis Child. 2010; 95:A11.

4. Bulder MM, Hellmann PM, van Nieuwenhuizen O, Kappelle LJ, Klijn CJ, Braun KP. Measuring 
outcome after arterial ischemic stroke in childhood with two different instruments. Cerebrovasc Dis. 
2011; 32(5):463–470. [PubMed: 22005511] 

5. Cohen-Holzer M, Katz-Leurer M, Reinstein R, Rotem H, Meyer S. The effect of combining daily 
restraint with bimanual intensive therapy in children with hemiparetic cerebral palsy: a self-control 
study. NeuroRehabilitation. 2011; 29(1):29–36. [PubMed: 21876293] 

6. Erhardt, RP. Erhardt Developmental Prehension Assessment(EDPA)(Revised). Maplewood, MN: 
Erhardt Developmental Products; 1994. 

7. Erhardt RP, Beatty PA, Hertsgaard DM. A developmental prehension assessment for handicapped 
children. The American journal of occupational therapy : official publication of the American 
Occupational Therapy Association. 1981; 35(4):237–242. [PubMed: 6164296] 

8. Feldman AB, Haley SM, Coryell J. Concurrent and construct validity of the Pediatric Evaluation of 
Disability Inventory. Physical therapy. 1990; 70(10):602–610. [PubMed: 2217539] 

9. Fleiss JL, Cohen J. Equivalence of Weighted Kappa and Intraclass Correlation Coefficient as 
Measures of Reliability. Educ Psychol Meas. 1973; 33(3):613–619.

Reidy et al. Page 10

Childs Nerv Syst. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



10. Geerdink Y, Lindeboom R, de Wolf S, Steenbergen B, Geurts AC, Aarts P. Assessment of upper 
limb capacity in children with unilateral cerebral palsy: construct validity of a Rasch-reduced 
Modified House Classification. Developmental medicine and child neurology. 2014; 56(6):580–
586. [PubMed: 24517893] 

11. Gordon AL. Functioning and disability after stroke in children: using the ICF-CY to classify health 
outcome and inform future clinical research priorities. Developmental medicine and child 
neurology. 2014; 56(5):434–444. [PubMed: 24341384] 

12. Haley, S.; Coster, W.; Ludlow, L.; Haltiwanger, J.; Andrellow, J. Pediatric Evaluation of Disability 
Inventory(PEDI). Boston: Trustees of Boston University; 1992. 

13. Haley SM, Coster WI, Kao YC, Dumas HM, Fragala-Pinkham MA, Kramer JM, Ludlow LH, 
Moed R. Lessons from use of the Pediatric Evaluation of Disability Inventory: where do we go 
from here? Pediatric physical therapy : the official publication of the Section on Pediatrics of the 
American Physical Therapy Association. 2010; 22(1):69–75.

14. Haley SM, Dumas HM, Ludlow LH. Variation by diagnostic and practice pattern groups in the 
mobility outcomes of inpatient rehabilitation programs for children and youth. Physical therapy. 
2001; 81(8):1425–1436. [PubMed: 11509072] 

15. Hallgren KA. Computing Inter-Rater Reliability for Observational Data: An Overview and 
Tutorial. Tutorials in quantitative methods for psychology. 2012; 8(1):23–34. [PubMed: 
22833776] 

16. Hatfield LA, Crone NE, Kossoff EH, Ewen JB, Pyzik PL, Lin DD, Kelley TM, Comi AM. 
Quantitative EEG asymmetry correlates with clinical severity in unilateral Sturge-Weber 
syndrome. Epilepsia. 2007; 48(1):191–195. [PubMed: 17241228] 

17. House JH, Gwathmey FW, Fidler MO. A dynamic approach to the thumb-in palm deformity in 
cerebral palsy. The Journal of bone and joint surgery American volume. 1981; 63(2):216–225. 
[PubMed: 7462278] 

18. Kelley TM, Hatfield LA, Lin DD, Comi AM. Quantitative analysis of cerebral cortical atrophy and 
correlation with clinical severity in unilateral Sturge-Weber syndrome. Journal of child neurology. 
2005; 20(11):867–870. [PubMed: 16417855] 

19. Ketelaar M, Vermeer A, Helders PJ. Functional motor abilities of children with cerebral palsy: a 
systematic literature review of assessment measures. Clinical rehabilitation. 1998; 12(5):369–380. 
[PubMed: 9796927] 

20. Koman LA, Williams RM, Evans PJ, Richardson R, Naughton MJ, Passmore L, Smith BP. 
Quantification of upper extremity function and range of motion in children with cerebral palsy. 
Developmental medicine and child neurology. 2008; 50(12):910–917. [PubMed: 18811712] 

21. Kossoff EH, Ferenc L, Comi AM. An infantile-onset, severe, yet sporadic seizure pattern is 
common in Sturge-Weber syndrome. Epilepsia. 2009; 50(9):2154–2157. [PubMed: 19389148] 

22. Krema H, Yousef YA, Durairaj P, Santiago R. Failure of systemic propranolol therapy for 
choroidal hemangioma of Sturge-Weber syndrome: a report of 2 cases. JAMA ophthalmology. 
2013; 131(5):681–683. [PubMed: 23538554] 

23. Lance EI, Sreenivasan AK, Zabel TA, Kossoff EH, Comi AM. Aspirin use in Sturge-Weber 
syndrome: side effects and clinical outcomes. Journal of child neurology. 2013; 28(2):213–218. 
[PubMed: 23112247] 

24. Landis JR, Koch GG. The measurement of observer agreement for categorical data. Biometrics. 
1977; 33(1):159–174. [PubMed: 843571] 

25. Lin DD, Barker PB, Hatfield LA, Comi AM. Dynamic MR perfusion and proton MR spectroscopic 
imaging in Sturge-Weber syndrome: correlation with neurological symptoms. Journal of magnetic 
resonance imaging : JMRI. 2006; 24(2):274–281. [PubMed: 16786573] 

26. Martin A, Burtner PA, Poole J, Phillips J. Case report: ICF-level changes in a preschooler after 
constraint-induced movement therapy. The American journal of occupational therapy : official 
publication of the American Occupational Therapy Association. 2008; 62(3):282–288. [PubMed: 
18557004] 

27. Roach ES, Riela AR, Chugani HT, Shinnar S, Bodensteiner JB, Freeman J. Sturge-Weber 
syndrome: recommendations for surgery. Journal of child neurology. 1994; 9(2):190–192. 
[PubMed: 8006373] 

Reidy et al. Page 11

Childs Nerv Syst. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



28. Satila H, Kotamaki A, Koivikko M, Autti-Ramo I. Low- and high-dose botulinum toxin A 
treatment: a retrospective analysis. Pediatric neurology. 2006; 34(4):285–290. [PubMed: 
16638503] 

29. Satila H, Kotamaki A, Koivikko M, Autti-Ramo I. Upper limb function after botulinum toxin A 
treatment in cerebral palsy: two years follow-up of six cases. Pediatric rehabilitation. 2006; 9(3):
247–258. [PubMed: 17050402] 

30. Shirley MD, Tang H, Gallione CJ, Baugher JD, Frelin LP, Cohen B, North PE, Marchuk DA, 
Comi AM, Pevsner J. Sturge-Weber syndrome and port-wine stains caused by somatic mutation in 
GNAQ. The New England journal of medicine. 2013; 368(21):1971–1979. [PubMed: 23656586] 

31. Sujansky E, Conradi S. Outcome of Sturge-Weber syndrome in 52 adults. American journal of 
medical genetics. 1995; 57(1):35–45. [PubMed: 7645596] 

32. Suskauer SJ, Trovato MK, Zabel TA, Comi AM. Physiatric findings in individuals with Sturge-
Weber syndrome. American journal of physical medicine & rehabilitation / Association of 
Academic Physiatrists. 2010; 89(4):323–330. [PubMed: 20068437] 

33. Tieman BL, Palisano RJ, Sutlive AC. Assessment of motor development and function in preschool 
children. Mental retardation and developmental disabilities research reviews. 2005; 11(3):189–
196. [PubMed: 16161086] 

34. World.Health.Organization. The International Classification of Functioning, Disability and 
Health(ICF). Geneva: WHO; 2001. 

35. World.Health.Organization. The International Classification of Functioning, Disability and Heath, 
Children and Youth version. Geneva: WHO; 2007. 

36. Wren TA, Otsuka NY, Bowen RE, Scaduto AA, Chan LS, Dennis SW, Rethlefsen SA, Healy BS, 
Hara R, Sheng M, Kay RM. Outcomes of lower extremity orthopedic surgery in ambulatory 
children with cerebral palsy with and without gait analysis: results of a randomized controlled 
trial. Gait & posture. 2013; 38(2):236–241. [PubMed: 23219787] 

37. Zabel TA, Reesman J, Wodka EL, Gray R, Suskauer SJ, Turin E, Ferenc LM, Lin DD, Kossoff 
EH, Comi AM. Neuropsychological features and risk factors in children with Sturge-Weber 
syndrome: four case reports. The Clinical neuropsychologist. 2010; 24(5):841–859. [PubMed: 
20560093] 

Reidy et al. Page 12

Childs Nerv Syst. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Reidy et al. Page 13

T
ab

le
 1

Su
m

m
ar

y 
of

 F
un

ct
io

na
l O

ut
co

m
e 

M
ea

su
re

s

M
ea

su
re

D
es

cr
ip

ti
on

/
O

ut
co

m
e 

A
ss

es
se

d
IC

F
 le

ve
l

A
ge

 n
or

m
s

T
im

e 
to

co
m

pl
et

e
A

dv
an

ta
ge

s
L

im
it

at
io

ns

M
od

if
ie

d
R

an
ki

n 
Sc

al
e

(m
R

S)
:

6 
ca

te
go

ry
ob

se
rv

at
io

na
l g

lo
ba

l
m

ea
su

re
 o

f 
pa

tie
nt

pa
rt

ic
ip

at
io

n 
an

d
re

si
du

al
 d

is
ab

ili
ty

po
st

 s
tr

ok
e

Pa
rt

ic
ip

at
io

n
D

es
ig

ne
d

fo
r 

ad
ul

ts
;

so
m

e
ev

id
en

ce
fo

r 
us

e
w

ith
ch

ild
re

n

~5 m
in

ut
es

N
IH

 C
om

m
on

 D
at

a
E

le
m

en
t f

or
 s

tr
ok

e;
 th

is
is

 th
e 

on
ly

 m
ea

su
re

w
ith

in
 th

e 
cu

rr
en

t
ba

tte
ry

 w
hi

ch
 c

ap
tu

re
s

de
at

h 
as

 a
 p

os
si

bl
e

ou
tc

om
e.

O
ri

gi
na

lly
 d

es
ig

ne
d

fo
r 

ad
ul

ts
.

C
la

ri
fi

ca
tio

n/
ad

ap
ta

tio
n 

of
de

sc
ri

pt
io

n 
of

ou
tc

om
es

 ty
pi

ca
lly

us
ed

 in
 p

ed
ia

tr
ic

st
ud

ie
s 

to
 e

nh
an

ce
co

ns
is

te
nc

y 
an

d
ap

pl
ic

ab
ili

ty
 to

ch
ild

re
n.

Pe
di

at
ri

c
E

va
lu

at
io

n 
of

D
is

ab
ili

ty
In

de
x 

(P
E

D
I)

19
7 

ite
m

 p
ar

en
t-

re
po

rt
/s

tr
uc

tu
re

d
in

te
rv

ie
w

 r
eg

ar
di

ng
ch

ild
’s

 le
ve

l o
f

pa
rt

ic
ip

at
io

n 
in

 th
e

fu
nc

tio
na

l d
om

ai
ns

of
 s

el
f-

ca
re

,
m

ob
ili

ty
 a

nd
 s

oc
ia

l
fu

nc
tio

n.

Pa
rt

ic
ip

at
io

n
6 

m
on

th
s-

7
ye

ar
s 

(b
ut

pr
io

r 
us

e 
in

ol
de

r
ch

ild
re

n
w

ith
di

sa
bi

lit
ie

s)

~3
0

m
in

ut
es

T
as

ks
 a

re
 b

ro
ke

n 
do

w
n

in
to

 a
 d

ev
el

op
m

en
ta

l
pr

og
re

ss
io

n,
 r

ed
uc

in
g

th
e 

lik
el

ih
oo

d 
of

 s
co

ri
ng

at
 th

e 
fl

oo
r 

of
 th

e
m

ea
su

re
 a

nd
 m

ak
in

g 
th

e
te

st
 s

en
si

tiv
e 

to
 s

m
al

l
ch

an
ge

s 
in

 f
un

ct
io

n.
T

he
 in

fo
rm

at
io

n 
ca

n 
be

ob
ta

in
ed

 d
es

pi
te

 th
e

ch
ild

’s
 le

ve
l o

f
pa

rt
ic

ip
at

io
n 

du
ri

ng
 a

n
ev

al
ua

tio
n 

se
ss

io
n.

R
el

ie
s 

on
 p

ar
en

t-
re

po
rt

. L
im

ite
d 

ra
ng

e
of

 n
or

m
s 

(b
ut

ex
pa

nd
ed

 P
E

D
I-

C
A

T
no

w
 a

va
ila

bl
e 

w
hi

ch
co

ve
rs

 b
ir

th
-2

0
ye

ar
s)

. D
oe

s 
no

t
ca

pt
ur

e 
w

he
th

er
fu

nc
tio

na
l t

as
ks

 a
re

co
m

pl
et

ed
 in

 a
ty

pi
ca

l o
r 

m
od

if
ie

d
fa

sh
io

n.

M
od

if
ie

d
H

ou
se

Fu
nc

tio
na

l
C

la
ss

if
ic

at
io

n
(M

H
C

):

32
 it

em
s/

 9
 c

at
eg

or
y

ob
se

rv
at

io
na

l
as

se
ss

m
en

t o
f

fu
nc

tio
n 

of
 a

he
m

ip
ar

et
ic

 u
pp

er
ex

tr
em

ity

A
ct

iv
ity

 a
nd

Im
pa

ir
m

en
t

2 
ye

ar
s 

ol
d

an
d 

ol
de

r
~1

0
m

in
ut

es
T

es
ts

 a
 la

rg
e 

ra
ng

e 
of

ar
m

 a
nd

 h
an

d 
sk

ill
s 

in
 a

sh
or

t p
er

io
d 

of
 ti

m
e.

E
as

y 
to

 a
dm

in
is

te
r 

in
 a

ch
ild

-f
ri

en
dl

y 
fa

sh
io

n.
T

he
 m

or
e 

af
fe

ct
ed

 a
rm

is
 a

ss
es

se
d 

in
 a

dd
iti

on
to

 e
va

lu
at

io
n 

of
 s

om
e

bi
m

an
ua

l t
as

ks
 s

uc
h 

as
cu

tti
ng

 w
ith

 s
ci

ss
or

s.

Pu
bl

is
he

d 
st

ud
ie

s 
us

e
th

e 
M

H
C

 f
or

 c
hi

ld
re

n
no

 y
ou

ng
er

 th
an

 2
ye

ar
s 

ol
d,

 b
ut

 th
er

e
ar

e 
ite

m
s 

ac
ro

ss
 8

ca
te

go
ri

es
 w

hi
ch

 a
re

ap
pl

ic
ab

le
 to

 a
ge

-
ap

pr
op

ri
at

e 
ar

m
fu

nc
tio

n 
in

 c
hi

ld
re

n
as

 y
ou

ng
 a

s 
6

m
on

th
s.

M
od

if
ie

d
E

rh
ar

dt
D

ev
el

op
m

en
ta

l
Pr

eh
en

si
on

A
ss

es
sm

en
t

(m
E

D
PA

)

6 
su

bs
ca

le
s 

of
 a

n
ob

se
rv

at
io

na
l,

qu
al

ita
tiv

e 
m

ea
su

re
fo

r 
tr

ac
ki

ng
 d

et
ai

le
d

gr
ad

at
io

ns
 in

 f
in

e
m

ot
or

 f
un

ct
io

n

A
ct

iv
ity

 a
nd

Im
pa

ir
m

en
t

N
at

al
-6

ye
ar

s
~1

0
m

in
ut

es
A

pp
lic

ab
le

 f
or

 in
fa

nt
s

of
 a

ny
 a

ge
. S

en
si

tiv
e 

to
ab

no
rm

al
 p

at
te

rn
s 

of
ha

nd
 u

se
. P

ro
vi

de
s

as
se

ss
m

en
t o

f 
bo

th
ha

nd
s.

R
eq

ui
re

s 
pr

ec
is

e
ob

se
rv

at
io

n 
by

tr
ai

ne
d 

ex
am

in
er

.

Childs Nerv Syst. Author manuscript; available in PMC 2015 December 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Reidy et al. Page 14

Table 2

SWS Neurological Rating System [18]

Seizure score

0 _ None ever
1 _ One or more seizures, currently controlled
2 _ Breakthrough seizures
3 _ Monthly seizures
4 _ At least weekly seizures

Hemiparesis score

0 _ No weakness or posturing
1 _ Mild posturing intermittently
2 _ Fine motor impairments only
3 _ Significant fine and gross motor impairments
4 _ Severe fine and gross motor impairment, poor helper arm function, and walks with great difficulty or not at all

Visual field-cut score

0 _ No field-cut
1 _ Partial homonymous hemianopsia
2 _ Full homonymous hemianopsia visual field-cut

Cognitive function score

Infant/preschool
0 _ Normal
1 _ Mild speech delay but comprehends well
2 _ Mild delay in speech and comprehension
3 _ Moderately delayed speech
4 _ Severely delayed speech
5 _ Profoundly delayed speech with little or no comprehension

Child

0 _ Normal
1 _ School difficulties, regular classes
2 _ Resource help needed in school
3 _ Special education required
4 _ Trainable for activities of daily living
5 _ Full care

Adult

0 _ Normal
1 _ Lives and works independently
2 _ Works in community with parental support
3 _ Significant difficulty maintaining employment or satisfactory social relationships
4 _ Trainable (i.e., group home, supervised work setting)
5 _ Full care
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Table 3

Summary Data for Age and Performance on Testing Battery

Mean Median Standard deviation Range

Age (months) 71.5 64.5 49.3 9–136

SWS Neuroscore 5.9 6.00 2.9 2–10

Modified Rankin Scale (MRS) 3.4 3.0 .7 3–5

Modified House Classification (MHC) variables

  Total items completed 21.7 22.5 8.1 9–32

  Highest category for which all items completed 4.7 5.0 2.0 2–8

PEDIa variables

  self-care scaled score 53.1 58.1 24.4 8.6–81.4

  mobility scaled score 64.8 72.8 29.1 10.65–100

  social scaled score 48.9 56.6 21.9 10.65–82.2

  self-care Caregiver assistance 45.0 52.1 28.6 0–79.5

  mobility Caregiver assistance 62.0 70.9 35.8 0–100

  social Caregiver assistance 42.1 47.8 30.6 0–78.6

mEDPAb items (developmental level, in months)

  Dc cube grasp 8.0 9.0 1.4 5.5–9.0

  D cube release 9.8 12.0 3.3 3.0–12.0

  D pellet grasp 9.7 10.5 2.8 5.0–12.0

  D pellet release 11.1 14.0 6.4 0.0–15.0

  D dowel grasp 9.1 10.0 1.4 7.0–10.0

  D pencil grasp 2.7 2.5 1.8 1.0–5.0

  NDd cube grasp 2.8 9.0 3.0 0.0–9.0

  ND cube release 8.9 10.0 4.4 0.0–12.0

  ND pellet grasp 8.8 10.0 3.4 2.50–12.0

  ND pellet release 9.8 14.0 6.5 0.0–15.0

  ND dowel grasp 8.1 10.0 3.4 0.0–10.0

  ND pencil grasp 2.0 1.5 1.3 1.0–4.0

Data reflects the scores collected by both raters (two scores per measure per child).

a
PEDI =Pediatric Evaluation of Disability Index

b
mEDPA= modified Erhardt Developmental Prehension Assessment

c
D=Dominant Hand

d
ND=Non-dominant Hand
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