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Abstract

Objective: Provide proof-of-concept for development of a Pediatric Functional Status eScore (PFSeS). Demonstrate that expert clinicians rank

billing codes as relevant to patient functional status and identify the domains that codes inform in a way that reliably matches analytical modeling.

Design: Retrospective chart review, modified Delphi, and nominal group techniques.

Setting: Large, urban, quaternary care children’s hospital in the Midwestern United States.

Participants: Data from 1955 unique patients and 2029 hospital admissions (2000-2020); 12 expert consultants representing the continuum of

rehabilitation care reviewed 2893 codes (procedural, diagnostic, pharmaceutical, durable medical equipment).

Main Outcome Measures: Consensus voting to determine whether codes were associated with functional status at discharge and, if so, what

domains they informed (self-care, mobility, cognition/ communication).

Results: The top 250 and 500 codes identified by statistical modeling were mostly composed of codes selected by the consultant panel (78%-80%

of the top 250 and 71%-78% of the top 500). The results provide evidence that clinical experts’ selection of functionally meaningful codes corre-

sponds with codes selected by statistical modeling as most strongly associated with WeeFIM domain scores. The top 5 codes most strongly related
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to functional independence ratings from a domain-specific assessment indicate clinically sensible relationships, further supporting the use of bill-

ing data in modeling to create a PFSeS.

Conclusions: Development of a PFSeS that is predicated on billing data would improve researchers’ ability to assess the functional status of chil-

dren who receive inpatient rehabilitation care for a neurologic injury or illness. An expert clinician panel, representing the spectrum of medical

and rehabilitative care, indicated that proposed statistical modeling identifies relevant codes mapped to 3 important domains: self-care, mobility,

and cognition/communication.
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More than 18,000 children are hospitalized each year in the United

States with acute neurologic injuries or illnesses,1,2 a group of

conditions that includes traumatic and nontraumatic brain, spinal

cord, and peripheral nerve diagnoses. Many of these children

require specialized medical care and rehabilitation services. The

long-term sequelae of pediatric neurologic dysfunction and the

potential negative effects on education, employment, health, and

quality of life3,4 pose high costs to families and society.5,6 For

example, an estimated $1 billion is spent managing pediatric trau-

matic brain injury (TBI)-associated hospitalizations annually in

the United States,7 but the evidence supporting long-term effec-

tiveness of rehabilitation interventions for neurologic injuries (eg,

TBI) and illnesses in children is weak.5,8

This gap in evidence is due to multiple challenges posed by

conventional research methods. Although neurologic injuries and

illnesses are a leading cause of morbidity and mortality in chil-

dren, the overall incidence of each disease requiring hospitaliza-

tion and/or rehabilitation is low, making the number of children

admitted to an individual hospital in a given year relatively

small.2,6,9 Diverse etiologies, patient characteristics, and variabil-

ity in care provision are also substantial obstacles to comparing

the effectiveness of interventions.8,10 Because of the challenges

associated with performing randomized controlled trials on small,

heterogeneous samples, researchers struggle to study outcomes

and compare treatments.2,11-13 Another challenge to clinical trials

research is the trend toward earlier hospital discharge, leaving a

substantial portion of rehabilitation for the home and school envi-

ronments, where children are often lost to follow-up.14,15 Thus,

we must consider novel methods to track the long-term outcomes

of these children to facilitate clinical trials and/or comparative

effectiveness research (CER).10

CER aims to produce or synthesize evidence to inform best

practices and policies for improving health care.16 CER for pediat-

ric rehabilitation would be advanced if researchers could use large,

multicenter databases to overcome the challenges of studying low-

incidence diagnoses. However, the lack of meaningful outcome

measures within existing datasets limits their current use for CER.

Although consensus is growing that institutions should use diagno-

sis-specific common outcome measures,17-20 this practice remains
List of abbreviations:

CER comparative effectiveness research

CPT Current Procedural Terminology

CUI Concept Unique Identifier

DME durable medical equipment

EMR electronic medical record

ICD International Classification of Diseases

PFSeS Pediatric Functional Status Electronic-Score

TBI traumatic brain injury
inconsistent and extremely challenging to standardize in clinical

and research settings.21 As a result, it is difficult to pool data sour-

ces to assess the effectiveness of pediatric rehabilitation interven-

tions.

When paired with meaningful, patient-centered outcomes,

large data sources such as electronic medical records (EMRs)

have the potential to help answer pressing questions in pediatric

rehabilitation11,22-24; however, widely used, patient-centered out-

come measures are lacking.8 Medical claims data, which is widely

available to researchers through existing national databases and

partnerships with insurers and health networks, may represent a

valuable resource.25-27 Existing data sources contain information

regarding diagnoses, procedures, pharmaceuticals, and durable

medical goods related to an individual’s health care encounter.

Past studies found that medical claims data can be useful in detect-

ing specific diagnoses,28-30 and that the positive predictive value

improves when algorithms use multiple codes.31,32 Currently such

databases are underused for CER because they do not include

meaningful measures of patient outcomes.33

The primary objective of this study was to demonstrate the fea-

sibility and proof-of-concept for the development of a Pediatric

Functional Status Electronic-Score (e-score; PFSeS). The pro-

posed PFSeS will use clinically relevant claims data from the

EMR (ie, diagnoses, procedures, pharmaceuticals, and durable

medical equipment [DME]) to accurately represent children’s

functional mobility, self-care, and cognitive/communication status

at discharge. The central hypothesis is that claims data specific to

a medical encounter, which are typically accurate and

complete,28,29,34 may be used to model children’s functional status

at the time of that encounter. Modeling functional status from

claims data has been done successfully for other health conditions

that include pediatric populations.35-39 As a first step to this goal,

consensus methods were used to determine which billing codes

are relevant to a patient’s functional status and whether these

codes were associated with mobility, self-care, and cognitive/com-

munication domain ratings on the criterion standard outcome mea-

sure in pediatric rehabilitation.
Methods
Study design

A panel of clinical experts used modified Delphi procedures and

nominal group technique to determine whether given billing codes

were informative in modeling a patient’s functional mobility, self-

care, and cognitive/communication status at discharge from inpa-

tient rehabilitation. Then, a data-driven approach was used to vali-

date this process in a cohort of children with neurologic injuries or
www.archives-pmr.org
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illnesses who had WeeFIM ratings. The billing data from this

cohort was used to assess whether the consensus process resulted

in a selection of codes enriched with strong associations with

WeeFIM ratings across the 3 domains.
Principal data source

This study was reviewed and approved by the institutional review

board before data collection. The data were obtained from the

EMR of a large, quaternary care children’s hospital in the Mid-

western United States. All children included in this study were

admitted to the inpatient rehabilitation unit (within the children’s

hospital) between January 2000 and July 2020. During the reha-

bilitation portion of their hospitalization, children were under the

care of physiatrists, but other services (eg, neurology, trauma,

neurosurgery) were available as consultants or, in some cases,

provided continued care during rehabilitation. All admitted

patients with verified WeeFIM ratings were retained for this study

to allow researchers to analyze the full spectrum of outcomes

within this population. One patient was removed because of a

parental request that their child’s data not be included in research.

Extracted billing data associated with their entire hospital admis-

sion (acute care through rehabilitation) included codes related to

diagnoses (International Classification of Diseases; ICD-9 and

ICD-10), procedures (Current Procedural Terminology; CPT),

pharmaceutical (RxNorm), and DME. ICD is a classification sys-

tem developed collaboratively between the World Health Organi-

zation and 10 international centers to promote similar

classification, processing, and presentation of disease and mortal-

ity data.40 CPT is a uniform coding system for medical services

and procedures established by the American Medical Association

within the United States.41 The US National Library of Medicine

created RxNorm as a normalized naming system for generic and

branded drugs.42 DME includes equipment, prosthetics, orthotics,

and supplies, as coded by the Centers for Medicaid and Medicare

Services in the United States.

Lead investigators (J.P.L., J.D.H., and J.C.L.) initially

reviewed data to identify and exclude codes that were used in

more than 90% of admissions. For example, CPT 97110 (thera-

peutic procedure on 1 or more areas, each lasting 15 minutes) was

present in more than 98% of admissions. Similarly, codes that

were used less than 10 times across all visits and across all chil-

dren in the data set also were excluded. Ten was used as a thresh-

old based on previous studies,43,44 which indicate bias may arise

in models including variables with fewer than 10 events. Lead

clinical investigators (J.P.L. and J.C.L.) reviewed remaining codes

and proposed the exclusion of additional codes as not informative

of clinical outcomes. ICD-9, ICD-10, CPT, and RxNorm codes

were mapped to Concept Unique Identifiers (CUIs) through the

Unified Medical Language System Metathesaurus that groups bill-

ing codes according to distinct medical concepts.45 All data analy-

ses operated on CUIs and DME.

WeeFIM is a validated measure of functional status recom-

mended for use in pediatric rehabilitative medicine17 that rates

degree of independence relative to self-care (8 items), mobility (5

items), and cognition/communication (5 items). In addition to spe-

cific demographic data, rehabilitation discharge WeeFIM ratings

for all included patients were extracted from the EMR. At our

institution, every patient from the inpatient rehabilitation unit

receives ratings on 18 WeeFIM items at several points during the

admission and after discharge. Each of the 18 items is rated on an

ordinal scale, ranging from 1 (total assistance) to 7 (complete
www.archives-pmr.org
independence). WeeFIM at discharge were used in this study (ie,

0-7 ordinal ratings for each of the 18 individual items and a total

rating for each of the 3 domains composed of a sum of the items

in that category).
Modified Delphi technique to gather group opinion
using electronic surveys

Twelve national pediatric experts served as consultants for this

phase of the project. The panel included 6 physicians (trauma sur-

gery, neurosurgery, neurology, and 3 physical medicine and reha-

bilitation) and 6 nonphysicians (speech-language pathology,

physical therapy, occupational therapy, rehabilitation nursing,

rehabilitation coordinator, and neuropsychology). All panelists

had related degrees, training, and active licensure in their fields of

practice. Four of the 5 nonphysicians were certified WeeFIM

raters for rehabilitation patients. These interdisciplinary clinicians

serve the continuum of pediatric neurologic injury, illness, and

rehabilitative care. Consultants were divided into 3 groups, each

of which included 2 physicians and 2 nonphysicians.

REDCap (Research Electronic Data Capture)46,47 was used as

the secure database management system for this project. Proposed

excluded codes were sent for consultant review on the first RED-

Cap survey. Consultants reviewed the excluded codes and identi-

fied those that they believed had potential in informing patients’

functional status. Every code was reviewed by 4 consultants. If

any consultant voted that a code should not be excluded, it was

returned to the list for review in subsequent surveys.

In 3 subsequent REDCap surveys, consultants were presented

with clusters of clinically related codes and asked to indicate

whether each code in each cluster informed patients’ functional

status (“include”). For those marked as “include,” consultants then

identified the functional outcome domain the code informed: self-

care, mobility, cognition/communication. Each round of surveys

included codes carried over from previous surveys that had not yet

met consensus (at least 3 of 4 consultants) to include, exclude, and

determine the domain(s) of relevance (if included).
Nominal group technique

Because of the COVID-19 pandemic, the planned in-person con-

sensus meeting for Fall 2021 was offered remotely to consultants

who were not local to the study site. Consultants participated in a

half-day meeting, with 4 consultants in-person and 6 consultants

participating remotely via Webex. Two consultants were unable to

attend the scheduled date. The objective of this consensus process

was to discuss and vote on inclusion or exclusion of the codes that

had not reached consensus during the modified Delphi procedure.

For this phase, 70% agreement was required to meet consensus.

Codes were reviewed in clusters of related codes. Using Webex

Slido polling, consultants first voted without discussion on the

inclusion of each code and/or the functional status domain it

informs. If consensus was not reached on the initial vote, consul-

tants discussed the code and its perceived applicability to func-

tional status. Consultants completed one additional round of

voting. At that point, a code was determined to either reach con-

sensus or not. Lead clinical investigators (J.P.L. and J.C.L.)

reviewed the final list of codes to ensure inclusion/exclusion con-

sistency across comparable codes.

http://www.archives-pmr.org
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Data analysis

The patient cohort was summarized using descriptive summary

measures of the demographics, WeeFIM impairment groups, and

WeeFIM ratings. For patients with multiple hospitalizations, only

information from the first hospitalization was included in the cal-

culation of these summary measures (table 1). To evaluate how

well the consultants identified codes associated with functional

status, lead researchers sorted the codes based on the combined

strength of their relationship to each of the 3 WeeFIM functional

domains (self-care, mobility, cognition/communication).

Researchers then assessed how many of the top 250 and top 500

strongest-related codes were selected by the consultants and how

many were excluded during the consensus process. The codes

were sorted using the ranking method of Henderson and New-

ton.48 The ranking method works by accounting for a measure of
Table 1 Baseline characteristics and WeeFIM outcomes of patients inclu

Variable Overall, N=1955*

Age, y 12 (6, 16)

Ethnicity

Asian 0.9% (18)

Black 15% (301)

Hispanic 2.3% (44)

Multiple 0.5% (9)

Native American 0.1% (2)

Other 3.8% (75)

White 77% (1506)

WeeFIM impairment groupy

Amputations 0.2% (4)

Arthritis 0.4% (7)

Brain dysfunction 44% (867)

Burns 1.5% (30)

Cardiac disorders 2.6% (50)

Congenital disorders 0.3% (6)

Debility 1.9% (38)

Developmental disabilities 7.5% (146)

Major multiple trauma 3.9% (77)

Missing 1.0% (19)

Neurologic disorders 5.6% (109)

Orthopedic conditions 2.7% (52)

Other disabling impairments 5.9% (116)

Pain syndromes 0.1% (2)

Spinal cord dysfunction 16% (320)

Stroke 5.7% (112)

Admission year

2000-2004 20% (388)

2005-2009 24% (460)

2010-2014 24% (469)

2015-2020 33% (638)

WeeFIM scores

Cognition total 28.0 (19.0, 34.0)

Mobility total 24.0 (18.0, 28.0)

Self-care total 40.0 (25.0, 48.0)

Total WeeFIM 91.0 (64.0, 106.0)

NOTE. The total population is shown in male/female subgroups to allow fu

patients with multiple visits, baseline characteristics at their first study visit a

ous variables and percents and counts for discrete variables.

Abbreviation: IQR, interquartile range.
* Median (IQR); % (n)
y WeeFIM Impairment Group is the primary reason for a rehabilitation admissi
the strength and uncertainty of the association between the code

and the WeeFIM domain rating. For example, one code may have

a large, estimated association with a WeeFIM domain rating, but

the uncertainty of the estimated association is large. The previ-

ously described code would be ranked lower than another code

that has an equally strong estimated association but lower uncer-

tainty in the estimated strength of relationship. We estimated the

strength of the relationship between each code and the WeeFIM

domain ratings by fitting univariate simple linear models regress-

ing the codes on the WeeFIM domain rating; the strength was

measured as the estimated difference of the WeeFIM domain rat-

ing for those with and without the code. The uncertainty measure

is the estimated standard error of the estimated difference. If the

top 250 and 500 codes were mostly composed of codes selected

during the consensus process, results would provide evidence that
ded in study sample

Female, N=841* Male, N=1114*

12 (7, 16) 11 (6, 15)

1.5% (13) 0.4% (5)

15% (124) 16% (177)

1.5% (13) 2.8% (31)

0.7% (6) 0.3% (3)

0% (0) 0.2% (2)

3.8% (32) 3.9% (43)

78% (653) 77% (853)

0% (0) 0.4% (4)

0.5% (4) 0.3% (3)

39% (329) 48% (538)

1.0% (8) 2.0% (22)

2.4% (20) 2.7% (30)

0.5% (4) 0.2% (2)

2.5% (21) 1.5% (17)

8.0% (67) 7.1% (79)

3.9% (33) 3.9% (44)

1.5% (13) 0.5% (6)

6.3% (53) 5.0% (56)

2.6% (22) 2.7% (30)

10.0% (84) 2.9% (32)

0.1% (1) <0.1% (1)

16% (132) 17% (188)

5.9% (50) 5.6% (62)

20% (165) 20% (223)

25% (214) 22% (246)

23% (195) 25% (274)

32% (267) 33% (371)

29.0 (20.0, 35.0) 27.0 (18.0, 33.0)

24.0 (18.0, 28.0) 24.0 (17.0, 28.0)

40.0 (28.0, 48.0) 39.0 (23.0, 48.0)

93.0 (69.0, 108.0) 89.0 (62.0, 105.0)

ture research with larger groups to consider sex-based differences. For

re reported. Medians and lower/upper quartiles are displayed for continu-

on (it does not indicate the exclusion of other diagnoses or impairments).

www.archives-pmr.org
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the statistical modeling reliably identified the codes most clini-

cally relevant and strongly associated with functional status for

each of the 3 domains. Using the same ranking approach, we

investigated the top 5 codes for each WeeFIM domain.
Results

Initial analysis included data from 1955 unique patients and 2029

hospital admissions. Children included in the cohort were predom-

inantly White and male, with a median age of 12 years; nearly one

half of the sample had brain dysfunction as their primary WeeFIM

impairment group. For the cognition/communication domain, rat-

ings skew toward higher levels of function overall. For the self-

care and mobility domains, ratings skew toward higher levels of

function with a large group who have very low function (fig 1).

The aforementioned code selection filtered 9306 initial codes

to 1382 codes after the consensus process (fig 2). The Henderson

and Newton ranking procedure displays the magnitudes of the esti-

mated associations standardized by their standard errors on the y-

axis (fig 3). A vast majority of the top 250 (blue) and top 500 (red)

codes for each of the 3 domains were composed of codes included

by the consultants: self-care (78% and 78%, respectively), mobil-

ity (78% and 75%), and cognition (80% and 71%). Among the

1382 total selected codes, 569 were included during the consensus

process as being relevant for self-care, 517 as relevant for mobil-

ity, and 456 for cognition/communication (table 2). To interpret

the first line in table 2, among the 1382 codes included by the
Fig 1 WeeFIM rating distrib

www.archives-pmr.org
consultants, 196 appeared in the top 250 ranked codes for the self-

care domain, accounting for approximately 80% of the top 250

codes and accounting for approximately 10% of the total 1382

codes. Similarly, among these 1382 codes, 388 appeared in the top

500 ranked codes for the self-care domain, accounting for 80% of

the top 500 and 30% of the 1382 included codes. Further, the pro-

portion of included codes among those in the top 250 and top 500

was greater than the proportion of excluded codes among the top

250 and top 500 for all 3 domains. For self-care, 14% and 28% of

all included codes were in the top 250 and top 500, respectively,

whereas 7% and 15% of excluded codes were in the top 250 and

top 500. Similar trends hold for the mobility and cognition/com-

munication domains. Thus, the included codes overall were more

strongly associated with WeeFIM domain ratings and a higher

proportion of included codes had a stronger relationship with the

WeeFIM domain ratings compared with excluded codes.

The top 5 codes most associated with each of the discharge

WeeFIM domain ratings were determined by the ranking proce-

dure (table 3). For example, the use of enteral pump was the most

strongly related code to the cognition/communication WeeFIM

domain rating and was associated with lower discharge WeeFIM

rating of 12.8 (SE=1.2). Although visual reinforcement audiome-

try had a larger estimated association, its SE was larger and was

thus ranked lower by the Henderson and Newton procedure. Base-

line characteristics and WeeFIM outcomes of patients included in

study sample by highly associative billing codes are shown in sup-

plemental table S3 (available online only at http://www.archives-

pmr.org/).
ution across all domains.

http://www.archives-pmr.org/
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Fig 2 Flow diagram illustrating the process of billing code screening for codes postulated to be related to patients’ functional status overall and

for domains of self-care, mobility, and cognition/communication.

Fig 3 Relationship between the marginal mean difference of overall WeeFIM ratings between those with and without a given code, as measured

by the estimated mean difference standardized by the standard deviation of the difference (y-axis) and the ranking of each code as determined by

the method of Henderson and Newton (x-axis). Codes in the top 250 are colored blue and the remaining codes in the top 500 are colored red.
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Table 2 Top 250 and 500 codes identified by statistical modeling compared to results from the consensus process

Domain Code Status

Total

Codes

(N)

Top

250

(n)

Proportion

Among

Top 250

Proportion in

Top 250

Among

Total Codes

Top

500

(n)

Proportion

Among

Top 500

Proportion in

Top 500

Among

Total Codes

Self-Care Included by consultants 1382 196 0.8 0.1 388 0.8 0.3

Self-Care Included for domain 569 91 0.4 0.2 160 0.3 0.3

Self-Care Excluded by consultants 754 54 0.2 0.1 112 0.2 0.1

Mobility Included by consultants 1382 196 0.8 0.1 377 0.8 0.3

Mobility Included for domain 517 63 0.3 0.1 129 0.3 0.3

Mobility Excluded by consultants 754 54 0.2 0.1 123 0.2 0.2

Cognition/ Communication Included by consultants 1382 199 0.8 0.1 359 0.7 0.3

Cognition/ Communication Included for domain 456 80 0.3 0.2 130 0.3 0.3

Cognition/ Communication Excluded by consultants 754 51 0.2 0.1 141 0.3 0.2

NOTE. The summaries are displayed for codes that were determined to be related to functional status (irrespective of domain) by the consensus process

(“Included by consultants”), for codes that were determined to be related to a specific WeeFIM domain (“Included for domain”), and for codes that

were determined to not be related to functional status (“Excluded by consultants”).
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Discussion

Researchers need transformative tools to accelerate the integration

of big data and data science into rehabilitation research. The

development, expansion, and use of multiple data resources and

research methods are needed to assess how we diagnose, treat, and

monitor long-term effects of pediatric neurologic injuries and ill-

nesses.49 This study sought to demonstrate that expert clinicians

could categorize billing codes as relevant (or not) to patient func-

tional status and functional domains in a way that reliably matched

analytical modeling. This work is the first step in developing a

pediatric functional status electronic score (that is, PFSeS) that
Table 3 Top 5 codes for each WeeFIM domain as ranked by the method o

Domain Type Description

Cognition/ Communication DME DME - Enteral Pump

Cognition/ Communication DME DME - Enteral Feedings/

Cognition/ Communication CPT Visual reinforcement au

Cognition/ Communication RXNORM Levetiracetam 100 mg/m

Cognition/ Communication CPT Sensory integrative tech

promote adaptive resp

on-one) patient conta

Mobility ICD Conversion disorder

Mobility DME DME - Patient Lifts

Mobility DME DME - Enteral Pump

Mobility DME DME - Enteral Feedings/

Mobility RXNORM Diazepam 1 mg/mL oral

Self-care DME DME - Enteral Feedings/

Self-care DME DME - Enteral Pump

Self-care ICD Conversion disorder

Self-care CPT Visual reinforcement au

Self-care CPT Subsequent inpatient pe

evaluation and manag

through 5 years of age

NOTE. Also displayed are the marginal mean difference of the WeeFIM domain

each estimated mean difference. These codes rank among the top 5 most s

strength of the association of the code with the domain specific WeeFIM sco

associations and small standard errors of the estimated associations will gener

Abbreviations: CPT, Current Procedural Terminology; DME, durable medical equ

www.archives-pmr.org
uses clinically relevant claims data from the EMR (that is, diagno-

ses, procedures, pharmaceuticals, and DME) to model children’s

functional mobility, self-care, and cognitive/communication sta-

tus. Using modified Delphi and nominal group consensus techni-

ques, findings indicate that experts agree with analytical modeling

of the PFSeS from billing data. Findings suggest that the PFSeS

modeling identifies appropriate and clinically relevant codes that

inform a patient’s status after inpatient rehabilitation. In addition,

statistical modeling appropriately identifies the specific domains

that codes inform, as demonstrated by the numerous clinician-

included codes with strong associations (as measured by univari-

able linear models) with WeeFIM ratings.
f Henderson and Newton

Effect SE

−12.8 1.2

Supplies −11.6 0.9

diometry −16.0 2.0

L oral solution −11.0 1.0

niques to enhance sensory processing and

onses to environmental demands, direct (one-

ct, each 15 minutes

−12.0 1.4

12.6 0.9

−11.6 1.1

−10.8 1.1

Supplies −9.8 0.8

solution −13.1 1.6

Supplies −20.2 1.5

−21.9 2.0

19.8 1.7

diometry −25.4 3.2

diatric critical care, per day, for the

ement of a critically ill infant or young child, 2

−19.6 2.3

rating between those with and without each code and standard errors of

trongly related codes for the given domain. The ranking considers the

re and the standard error of this estimated association. Codes with large

ally rank higher.

ipment; ICD, International Classification of Diseases.
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As the findings illustrate, the top 5 codes most strongly associ-

ated with domain-specific discharge WeeFIM ratings hold clini-

cally sensible relationships. Results also reflect how individual

codes are associated with different patient phenotypes and their

functional status, consistent with previous work demonstrating

that claims data can detect specific diagnoses.28-30 Although some

codes appeared across multiple domains, other codes were domain

specific. Further, codes could have both positive and negative uni-

variate associations with the PFSeS model. For example, within

the self-care domain, 2 codes for DME (enteral feeding supplies

and enteral pump) show the strongest relationships to total self-

care domain ratings at discharge but also relate to the mobility and

cognition/communication total domain ratings. Oral self-feeding

is an activity requiring motor strength and coordination and cogni-

tion of the numerous implements and steps. Forty-four percent of

children in our sample were classified within the brain dysfunction

WeeFIM impairment group, so it is not surprising that this impor-

tant and complex skill was affected in our cohort. Common condi-

tions for enteric feeding include neurologic diseases and injuries,

motor neuron diseases, brain tumors, and disorders of conscious-

ness.50 An example would be a patient with severe TBI resulting

in static encephalopathy or patients with progressive neurodegen-

erative processes such as Lennox-Gastaut syndrome. Those who

have an enteral feeding supplies DME code have a 20.2 point

lower average discharge WeeFIM rating compared with those

who do not. Patients with an enteral pump DME code have a 21.9

point lower WeeFIM rating than those without.

Another illustration is the code for conversion disorder.

Patients with conversion disorder had greater overall functioning

and no cognitive-communication limitations. In conversion disor-

der, symptoms of altered voluntary motor, cognitive, or sensory

function are inconsistent with demonstrated preserved physiologi-

cal testing.51 Statistical modeling identified that self-care dis-

charge WeeFIM ratings for patients with conversion disorder were

on average 19.8 points greater compared with patients with other

diagnoses. Because the etiology of conversion disorder is not

physiological, we would expect that after therapy, they would

have return to their functional baseline, which should be greater

than that of a patient with an organic cause for their deficit.

The proposed PFSeS is modeled using WeeFIM ratings at dis-

charge from inpatient rehabilitation. While the National Institute

of Neurological Disorders and Stroke includes WeeFIM in its rec-

ommended common data elements for pediatric brain and spinal

cord injuries,52 WeeFIM data are not widely available across insti-

tutions. Typically, only large pediatric care centers with inpatient

rehabilitation units use WeeFIM and it is not used universally to

track outcomes in children. Even within the institution studied,

patients discharged without an inpatient rehabilitation admission

have no WeeFIM ratings to track outcomes. In addition, a known

limitation of the WeeFIM is that it has a ceiling where it is difficult

to distinguish among greater levels of function and among older

children. To compare the effectiveness of interventions across

institutions, diagnoses, and developmental stages, we need to

develop outcome models that are more appropriate for a broader

range of children. Given larger datasets, it may be possible to iden-

tify other methods to categorize outcomes for children with neuro-

logic injuries and illnesses, which could include patient-reported

outcome measures or a tool like the PFSeS that uses data from

medical encounters.33

Multiple data elements are available thanks to advances in

technology, health informatics, and standardized outcome meas-

ures that can and should be used to improve the effectiveness of
rehabilitation interventions.33 Unfortunately, our current systems

of care lack connections that allow us to track outcomes from

inpatient to outpatient settings.33 Gathering key billing data avail-

able in a patient’s admission record and modeling that data using

the WeeFIM allows us to create a PFSeS. A PFSeS is valuable in

that it can model a patient’s mobility, self-care, and cognition/

communication status using CPT, pharmaceutical, DME, and

diagnostic codes. The use of discharge WeeFIM to construct the

PFSeS allows researchers to model functional status outcomes at

the point of discharge. Ultimately, the goal of this work is to create

a PFSeS to assess patient status for any admission that includes

associated billing data.

Study limitations

This study has limitations that should be considered as this work

moves forward. The switch from ICD-9 to ICD-10 presents chal-

lenges for billing data analyzed over long periods of time. Our analy-

ses accounted for this by mapping to CUIs. We note that this may

not always result in perfect conceptual matches or may miss relation-

ships between ICD-9 and ICD-10 codes. Individual practices in bill-

ing and coding may also change over time, resulting in heterogeneity

in the relationships of specific codes to WeeFIM ratings; again, map-

ping to CUIs can help account for billing and coding changes by link-

ing codes to medical concepts that may be more distinct over time.

We acknowledge that the generalizability of our findings also may be

limited by possible institution-specific coding/billing practices. When

attempting to generalize outside of the United States, other than ICD

(which is an international coding system adopted by the World

Health Organization), analyses will need to account for different cod-

ing standards and payor systems. While this study describes the

patient age of our sample, it does not account for age in assessing for

functional status. Future studies with larger datasets that include the

WeeFIM can adjust for age and consider using a converted score like

the Developmental Functional Quotient.53
Conclusions

This project offers a first step in efforts to improve the ability of

researchers to assess the functional status of children who receive

inpatient care for neurologic injuries or illnesses. The long-term

goal of this research is to create a tool that can be applied to qual-

ity improvement projects and in CER. Consensus agreement by an

expert clinician panel, representing the spectrum of medical and

rehabilitative care received by these patients, indicates that the sta-

tistical modeling identifies relevant codes mapped to 3 important

domains: mobility, self-care, and cognition/communication. Next

steps for this work include further analysis to create the PFSeS

and then validation of the scoring system on a larger sample of ret-

rospective patient data from various institutions and on a prospec-

tive cohort. Adding patient-reported outcomes measures to

prospective validation of the PFSeS will further strengthen the

scoring system. Development of the PFSeS for use in CER has the

potential to inform the multi-site development and comparison of

rehabilitation interventions. Ultimately, this may allow us to track

and compare outcomes more effectively for children with neuro-

logic illnesses or injuries. By building an outcome measurement

that can be applied to data beyond the limited number of children

who do receive inpatient rehabilitation, we can increase the num-

ber of children whose care can be assessed and increase evidence-

based services.
www.archives-pmr.org
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