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Pediatric Medical Complexity Algorithm: A New
Method to Stratify Children by Medical Complexity

WHAT’S KNOWN ON THIS SUBJECT: Quality measures developed
by the Pediatric Quality Measures Program are required to assess
disparities in performance according to special health care need
status. Methods are needed to identify children according to level
of medical complexity in administrative data.

WHAT THIS STUDY ADDS: The Pediatric Medical Complexity
Algorithm is a new, publicly available algorithm that identifies the
small proportion of children with complex chronic disease in
Medicaid claims and hospital discharge data with good sensitivity
and good to excellent specificity.

abstract
OBJECTIVES: The goal of this study was to develop an algorithm based
on International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM), codes for classifying children with chronic
disease (CD) according to level of medical complexity and to assess
the algorithm’s sensitivity and specificity.

METHODS: A retrospective observational study was conducted among
700 children insured by Washington State Medicaid with $1 Seattle
Children’s Hospital emergency department and/or inpatient en-
counter in 2010. The gold standard population included 350 children
with complex chronic disease (C-CD), 100 with noncomplex chronic
disease (NC-CD), and 250 without CD. An existing ICD-9-CM–based
algorithm called the Chronic Disability Payment System was
modified to develop a new algorithm called the Pediatric Medical
Complexity Algorithm (PMCA). The sensitivity and specificity of PMCA
were assessed.

RESULTS: Using hospital discharge data, PMCA’s sensitivity for cor-
rectly classifying children was 84% for C-CD, 41% for NC-CD, and 96%
for those without CD. Using Medicaid claims data, PMCA’s sensitivity
was 89% for C-CD, 45% for NC-CD, and 80% for those without CD.
Specificity was 90% to 92% in hospital discharge data and 85% to
91% in Medicaid claims data for all 3 groups.

CONCLUSIONS: PMCA identified children with C-CD (who have accessed
tertiary hospital care) with good sensitivity and good to excellent
specificity when applied to hospital discharge or Medicaid claims
data. PMCA may be useful for targeting resources such as care
coordination to children with C-CD. Pediatrics 2014;133:e1647–e1654
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InMarch2011, the Centers forMedicare
&Medicaid Services and the Agency for
Healthcare Research and Quality part-
nered to fund 7 Centers of Excellence
that constitute the Pediatric Quality
Measures Program (PQMP) mandated
by the 2009 Child Health Insurance
Program Reauthorization Act.1 The
charge to the PQMP is to develop new
quality of care measures and/or en-
hance existing measures for children’s
health care across the age spectrum.2,3

The Center of Excellence on Quality of
Care Measures for Children with Com-
plex Needs (COE4CCN) was charged
with identifying and/or developing
a valid method to assess disparities in
care according to level of medical
complexity for children with special
health care needs.

COE4CCN initially considered several
methods to classify children according
to level of medical complexity but
chose to focus on algorithms that use
International Classification of Dis-
eases, Ninth Revision, Clinical Modifi-
cation (ICD-9-CM), codes. Although
limited by reliance on billing data,4

approaches based on ICD-9-CM codes
are relatively inexpensive to use
compared with survey methods, can
be used on existing administrative
data with relative efficiency, and are
favored by states and insurance plans.
Although several proprietary ICD-9-
CM–based algorithms might be used
for these purposes, the mandate was
to identify or develop a tool that was
open access and publicly available for
widespread use in quality measure-
ment. After reviewing and evaluating
several existing algorithms,5–14 we
chose to modify the Chronic Disability
Payment System (CDPS) algorithm.12

The objectives of the present study
were to develop the modified version
of CDPS and assess its sensitivity and
specificity for correctly identifying
children with varying levels of medical
complexity.

METHODS

This development and validation re-
search was undertaken in 5 stages:
(1) development of consensus defi-
nitions for 3 levels of medical com-
plexity; (2) selection of an existing
ICD-9-CM algorithm; (3) modification
of the algorithm to conform to the
consensus medical complexity defi-
nitions; (4) selection of a gold stan-
dard population of children through
medical record review; and (5) eval-
uation of the modified algorithm’s
sensitivity and specificity when ap-
plied to the gold standard pop-
ulation. All study procedures were
reviewed and approved by the in-
stitutional review boards of Seattle
Children’s Research Institute and
Washington State.

Developing Consensus Definitions

To develop an algorithm that would
facilitate assessment of disparities
according to special health care need
status, COE4CCN developed consensus
definitions for 3 levels of medical
complexity: children with complex
chronic disease (C-CD), children with
noncomplex chronic disease (NC-CD),
and children without chronic disease
(CD) (Table 1). The COE4CCN Medical
Complexity Working Group developed
the first draft of these consensus
definitions after review and discus-
sion of 2 previously published care
coordination conceptual frameworks
and their accompanying definitions
for levels of medical complexity.15,16

The working group is composed of
individuals with expertise in inpatient
and outpatient management of chil-
dren with C-CD and/or NC-CD. The en-
tire COE4CCN then provided review
and feedback on the draft consensus
definitions. COE4CCN includes 43 rep-
resentatives from 2 state Medicaid
agencies, Family Voices, pediatric
nursing, hospital medicine, and out-
patient primary care, as well as pedi-

atric health services research. The
final consensus definitions incor-
porated the center-wide feedback.

Algorithm Identification

After evaluating several existing
algorithms,5–14 we chose to modify
CDPS,12 which is a diagnosis-based
risk adjustment model that uses
ICD-9-CM codes to assess risk of in-
curring high costs.17 CDPS was se-
lected because it has the most
comprehensive listing of ICD-9-CM
codes among the algorithms evalu-
ated, is publicly available, and, in
contrast to most other algorithms,
includes important codes for mental
health conditions.

Algorithm Modification

We developed and evaluated a novel
algorithm for this study, the Pediatric
Medical Complexity Algorithm (PMCA).
PMCA represents a modification of
CDPS that conforms to the COE4CCN
consensus definitions for medical
complexity. CDPS modification involved
removing several types of ICD-9-CM
codes, including those consistent with
adult illness (eg, myocardial infarc-
tion), related to childbirth, consistent
with acute illness (eg, acute otitis
media), and representing pediatric
chronic conditions that are most often
mild in severity (eg, eczema, myopia,
iron deficiency anemia). Excluding codes
for conditions with a substantial pro-
portion of mild disease (eg, eczema)
from PMCA reduces the potential for
overestimation of disease burden in the
population (ie, false-positive findings).
However, this process may result in
childrenwithmore severe forms of such
diseases not being captured or correctly
classified (ie, false-negative findings).

Further modifications included the
addition of “flags” to each retained ICD-
9-CM code by 2 authors (T.D.S. and
R.M.-S.). Conditions associated with
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deteriorating health and an increased
risk of shorter life expectancy in
adulthood (defined as death in the
fourth to fifth decade [eg, cystic fibro-
sis, complex congenital heart disease,
malignancy]) were flagged as pro-
gressive; when consensus was not im-
mediately reached, life expectancy
data for the condition were reviewed,
and a final decision was made. Body
system flags were also assigned to
permit body system counts and sub-
sequent classification to NC-CD (1 body
system) or C-CD ($2 body systems). A
full list of the ICD-9-CM codes included
in PMCA, and their progressive and
body system flags, is provided in Sup-
plemental Table 5. SAS programming
code (SAS Institute, Inc, Cary, NC) was

subsequently developed for PMCA to
categorize children into the 3 levels of
medical complexity based on adjudi-
cated claims.

To capture data on children with C-CD
based on technology dependence for
.6 months (Table 1), we adapted
a previously developed set of tech-
nology assistance ICD-9-CM codes18

and tested PMCA’s sensitivity and
specificity with and without these ad-
ditional codes.

Identifying a Gold Standard
Population: Classifying Children by
Medical Complexity By Using
Medical Record Review

Children 0 to 18 years old, insured
by Washington State Medicaid (WA-

Medicaid), and seen at Seattle Chil-
dren’s Hospital (SCH) for $1 emer-
gency department (ED) visit and/or
inpatient stay in 2010 were potentially
eligible for the study. To oversample
children in the C-CD group, these
children were categorized into 1 of 9
mutually exclusive risk groups by us-
ing 3M Clinical Risk Group (CRG) soft-
ware (St Paul, MN)19 applied to 4 years
(2007–2010) of SCH ED, inpatient, and
day surgery administrative data. After
CRG categorization, a sample of 1000
children was randomly selected, with
oversampling (n = 500) for children
with lifelong chronic conditions (CRG
groups 5b, 6, 7, 8, and 9).

A trained nurse researcher (J.P.)
blinded to CRG categorization made

TABLE 1 COE4CCN Consensus Definitions of 3 Levels of Medical Complexity

Condition Description Potential Examplea

Children with C-CDa

Significant chronic conditions in $2 body systems: Type 1 diabetes and static encephalopathy; type 1 diabetes and depression;
developmental delay and chronic pulmonary conditionsSignificant chronic condition is defined as a physical, mental or

developmental condition that can be expected to last at least a year, will
use health care resources above the level for a healthy child, require
treatment of control of the condition, and the condition can be expected to
be episodically or continuously debilitating.

Body systems include: cardiac, craniofacial, dermatologic, endocrinologic,
gastrointestinal, genetic, genitourinary, hematologic, immunologic,
mental health, metabolic, musculoskeletal, neurologic, ophthalmologic,
otologic, pulmonary/respiratory, and renal.

OR A progressive condition that is associated with deteriorating health with
a decreased life expectancy in adulthood.

Muscular dystrophy, cystic fibrosis, paraplegia, quadriplegia, malignancy

OR Continuous dependence on technology for at least 6 months. Tracheostomy 6 ventilator assistance, renal dialysis, gastrostomy tube,
cerebrospinal fluid shunt

OR Malignancies: progressiveormetastaticmalignancies that affect life function.
Exclude those in remission for .5 years.

Lymphoma, leukemia, brain tumor

Children with NC-CD
Chronic conditions that last at least 1 year: These conditions are commonly
lifelong but can be episodic with periods of good health between episodes.
They include physical, developmental, ormental health conditions thatmay
persist into adulthood butmay also resolve either secondary to the natural
history of the disease or as a result of surgical intervention. These
conditions involve a single body system, are not progressive, can vary
widely in severity, and result in highly variable health care utilization.

Type 1 diabetes, atrial septal defect, asthma, depression, attention-deficit/
hyperactivity disorder

Children without CD
Acute nonchronic conditions: A physical, developmental or mental health
condition that is not expected to last .1 year. These children may
temporarily (for ,1 year) use health care resources above the normal
level for a healthy child.

Ear infection, pneumonia, diarrhea and dehydration, bronchiolitis

Healthy: No acute or chronic health conditions. These children do not use
health care resources above the normal level for a healthy child.

NA

NA, not applicable.
a The examples used in this document to illustrate definitions of medical complexity and chronicity are intended to demonstrate characteristics specified in the definition/descriptions. It is not
our intention to imply that specific diseases and conditions are by default linked to the categories that they were used to illustrate.
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assignments into 1 of 3 levels of
medical complexity (Table 1) by
reviewing all available SCH electronic
medical records. When level assign-
ment was unclear, cases were re-
viewed by a panel of physicians (T.D.S.,
A.Y.C., M.H., and R.M.-S.) also blinded to
CRG categorization, and assignments
were made by consensus. Among the
sample of 1000 randomly selected
children, medical records were re-
viewed until the target gold standard
population of 700 children was as-
sembled. The target population in-
cluded 350 children with C-CD, 100
with NC-CD, and 250 without CD. These
sample sizes were determined a priori
to allow for stable estimates of PMCA’s
sensitivity and specificity for correctly
classifying patients into the 3 levels of
complexity.

Almost all (699 of 700) of the gold
standard population children were
successfully matched in the WA-
Medicaid claims database. Twenty
individuals .18 years old were ex-
cluded because they were not eligible
for WA-Medicaid for substantial por-
tions of the study period and had in-
complete claims data. One child having
only secondary Medicaid coverage was
also excluded. The final WA-Medicaid
study sample numbered 678, whereas
all 700 children were included in the
SCH study sample.

To determine the representativeness of
the gold standard population, charac-
teristics for the 678 study childrenwere
comparedwith the overall WA-Medicaid–
insured child population from 2009 to
2011.

Algorithm Evaluation

Three versions of the PMCA SAS code
were developed to characterize the
timing and frequency of coded con-
ditions from administrative data: the
least, more, and most conservative
versions described in Table 2. Children
in the sample had up to 3 years of data
available for analysis in both the SCH
and WA-Medicaid claims databases, 1
year before and 1 year after the year
of their hospitalization or ED visit
(ie, January 1, 2009–December 31, 2011).
All children were included regardless
of how much data they had available to
contribute to the analysis. All children
in both the SCH and WA-Medicaid
samples had at least 1 claim in 2010
that represented the ED and/or in-
patient encounter making them eli-
gible for gold standard population
selection.

We determined PMCA’s sensitivity and
specificity for correctly classifying
children into the 3 levels of complexity
by using SCH discharge and WA-
Medicaid claims data. SCH data in-
cluded administrative claims from

inpatient, ED, and day surgery encoun-
ters. WA-Medicaid data included all
inpatient and outpatient claims pro-
vided to the state. We also evaluated
the performance of 3 different ver-
sions of the PMCA SAS code described
in Table 2.

Afterapplying thePMCASAScode toSCH
discharge and WA-Medicaid claims
data, we examined cases misclassified
by PMCA to determine if there were
patterns that might inform future
modifications to the algorithm.

RESULTS

Characteristics of the gold standard
population were compared with the
overall WA-Medicaid–insured pop-
ulation of children (Table 3). The
study sample was younger and more
racially and ethnically diverse. A dis-
proportionate number of study chil-
dren had fee-for-service coverage
(47% vs 20%) and prolonged Medic-
aid eligibility (56% vs 46% with 36
months).

Using WA-Medicaid data, 536 (79%) of
the study sample had 3 years of claims
data to contribute to the analyses, 122
(18%) had 2 years, and only 20 (3%) had
just 1 year. In contrast, using SCH data,
152 (22%)of thesamplehad3years, 252
(36%) had 2 years, and 296 (42%) had 1
year of claims data to contribute to
analysis.

TABLE 2 Classification of Disease Complexity Based on Progressive and Body System Flags and Frequency of Encounters Observed in Administrative
Data

Category Least Conservative Version More Conservative Version Most Conservative Version

C-CD
Progressive condition $1 claim $1 claim $1 claim
Malignancy $1 claim $1 claim $1 claim
Other $1 claim per body system for

2 different body systems during
the measurement perioda

$2 claims per body system for
2 different body systems during
the measurement perioda

$1 claim per body system per year for
2 different body systems during the
measurement perioda

NC-CD
$1 claim for a single body system not

flagged as progressive during
the measurement perioda

$2 claims for a single body system
not flagged as progressive during
the measurement perioda

$1 claim per single body system per year
not flagged as progressive during the
measurement perioda

Without CD
None of the above during the

measurement perioda
None of the above during the

measurement perioda
None of the above during the

measurement perioda

a In the current study, a 3-year measurement period was used (January 1, 2009–December 31, 2011).
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Optimal performance conditions for
PMCA in hospital discharge and Med-
icaid claims data are shown in Table 4.
Using up to 3 years of hospital dis-

charge data and the least conservative
version of the PMCA code (Table 2), al-
gorithm sensitivities for correctly
classifying children were 84% for chil-

dren with C-CD, 41% for children with
NC-CD, and 96% for children without
CD. Using up to 3 years of WA-Medicaid
claims data and the more conservative
version of the PMCA code, sensitivities
were 89% for children with C-CD, 45%
for children with NC-CD, and 80% for
children without CD. Specificity was
good to excellent in both hospital
(90%–92%) and Medicaid (85%–91%)
data for all 3 levels of complexity
according to the least and more con-
servative PMCA code versions, re-
spectively. The most conservative
version of the PMCA code resulted in
the highest rate of misclassification.
Addition of the technology assistance
codes did not improve PMCA’s sensi-
tivity or specificity regardless of which
version of the code was used (data not
shown).

We identified 3 patterns of mis-
classification in which PMCA (applied
to either hospital discharge or Med-
icaid claims data) categorized chil-
dren in the gold standard population
as having no CD who were determined
to have NC-CD according to medical
record review. The first pattern in-
volved children with mild episodic
conditions that were counted by the
medical record reviewer as chronic
but are not included in PMCA (eg,
eczema, headache). The second pat-
tern involved children with conditions
that had largely resolved (eg, epilepsy
but seizure-free for 2 years). For these
cases, there was evidence for the
condition in themedical record, but no
health care utilization/claims for it
during the study period (January 1,
2009–December 31, 2011). The third
pattern involved children with mental
health conditions or developmental
delay, conditions that are commonly
undercoded in claims data.3,20

Children determined to have NC-CD
according to medical record review
who were misclassified by PMCA as
C-CD in both hospital and Medicaid

TABLE 3 Demographic and Enrollment Characteristics of the Gold Standard Sample (n = 679) and
the Overall WA-Medicaid Population Between 2009 and 2011 (n = 829 012)

Characteristic Gold Standard Samplea Overall Medicaid Populationb

Age as of December 31, 2010
,1 yc 54 (8%) 47 718 (6%)
1–4 yc 257 (38%) 205 469 (25%)
5–9 yc 146 (22%) 217 360 (26%)
10–14 yc 119 (17%) 191 674 (23%)
15–19 yc 103 (15%) 166 791 (20%)

Male genderd 361 (53%) 416 628 (50%)
Race/ethnicity
Whitec 252 (37%) 413 784 (50%)
Hispanic 145 (21%) 201 025 (24%)
Other/mixedc 170 (25%) 139 792 (17%)
African Americanc 89 (13%) 48 399 (6%)
Asian 23 (3%) 26 032 (3%)

Written language
Englishc 497 (73%) 651 207 (79%)
Otherc 182 (27%) 177 805 (21%)

Coverage for majority of eligibility months
Fee-for-servicec 318 (47%) 169 708 (20%)
Managed carec 361 (53%) 659 304 (80%)

Months of medical assistance eligibility 2009–2011
,12 moc 17 (3%) 43 707 (5%)
13–24 moc 125 (18%) 185 536 (22%)
25–35 moc 158 (23%) 219 559 (27%)
36 moc 379 (56%) 380 210 (46%)

PMCA more conservative approach designation
C-CDe 329 (47%) 51 851 (6%)
NC-CDe 100 (14%) 134 764 (16%)
Without CDe 249 (36%) 608 966 (74%)
Not classifiablee 1 (0%) 33 431 (4%)

Data are presented as n (%).
a Demographic data were available for 679 children and claims data for 678, resulting in different n values for the text and
table.
b We used 3 years of claims data from 2009 to 2011 for children aged,19 years on July 1, 2010, with aminimum eligibility of 1
month in 2010 and 2 months in 2009–2011.
c Statistically significant based on the confidence interval for a proportion applied to the gold standard sample.
d Two children had missing gender data.
e Statistical tests were not performed because we deliberately oversampled children with C-CD for the gold standard
population.

TABLE 4 Sensitivity and Specificity for PMCA in SCH Discharge Data and WA-Medicaid Claims Data

Approach Algorithm C-CD NC-CD Without CD

Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity

SCH (n = 700) n = 350 n = 350 n = 100 n = 100 n = 250 n = 250
Least PMCAa 84 (80–88) 92 (89–94) 41 (32–51) 92 (85–96) 96 (93–98) 90 (86–93)
More PMCA 73 (68–77) 96 (93–98) 19 (13–28) 94 (88–97) 100 (99–100) 72 (66–77)
Most PMCA 66 (61–71) 96 (93–98) 1 (0–5) 99 (95–100) 100 (99–100) 57 (51–63)

WA-Medicaid (n = 678) n = 329 n = 329 n = 100 n = 100 n = 249 n = 249
Least PMCA 91 (87–94) 79 (74–83) 37 (28–47) 88 (80–93) 69 (63–74) 94 (90–96)
More PMCAa 89 (85–92) 85 (81–89) 45 (36–55) 91 (84–95) 80 (75–85) 91 (87–94)
Most PMCA 78 (73–82) 90 (86–93) 16 (10–24) 95 (89–98) 95 (92–97) 75 (69–80)

The n values are the number of children from the gold standard sample included in the designated category. Data are given
as % (95% confidence interval).
a Recommended algorithm.
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data often had chronic disease in 2
systems with resolved disease in at
least 1 system (eg, asthma, repaired
ventricular septal defect). In such
cases, the resolved condition was not
counted by the medical record re-
viewer but did result in claims that
were detected by using PMCA.

DISCUSSION

To enable assessment of disparities in
care according to special health care
need status, we developed a novel al-
gorithm by modifying an existing ICD-
9-CM–based algorithm (CDPS) to align
with the COE4CCN consensus defini-
tions for 3 levels of medical complex-
ity. PMCA exhibited good sensitivity
for correctly categorizing children
with C-CD, excellent sensitivity for
correctly categorizing children with-
out CD, but poor sensitivity for
correctly categorizing children with
NC-CD. For optimal identification of
these 3 groups of children using to
Medicaid claims data, we recommend
using the more conservative version of
the PMCA code and up to 3 years of
claims data when available. For hospi-
tal discharge data (limited to ED, in-
patient, and day surgery claims), we
recommend using the least conserva-
tive version of the PMCA code and up to
3 years of data when available. (The
PMCA SAS code and documentation are
available from the authors upon re-
quest.)

In hospital discharge data, ICD-9-CM
codes for chronic disease are rela-
tively infrequent because they are
assigned only at the time of an ED,
inpatient, or day surgery encounter. As
a result, the least conservative version
of PMCA, in which only 1 use of an
included ICD-9-CM code is required
during a 3-year time period (Table 2),
resulted in the best performance. In
contrast, Medicaid claims data cap-
ture far more health care utilization;
therefore, the more conservative

version of PMCA, in which 2 uses of an
included ICD-9-CM code are required
during a 3-year time period, resulted
in the best performance.

Children with NC-CD are the most dif-
ficult to correctly identify by using
administrative data. These conditions
may be episodic for a given child and
can encompass a wide range of se-
verity, from mild to severe. This vari-
ation results in highly fluctuating
health care utilization over time within
the NC-CD group.With hospital discharge
data, PMCA misclassified children with
NC-CD into both thewithout-CD andC-CD
groups. Children with NC-CD who were
misclassified according to PMCA as
without CD in hospital data often had
episodic disease, developmental con-
cerns, or a resolving problem that
required outpatient care. Although
electronic medical records used for
this study included outpatient, inpa-
tient, and ED encounters, the hospital-
based discharge data consisted of ED,
inpatient, and day surgery claims. SCH
outpatient claims were not available,
thus constraining PMCA’s ability to cor-
rectly detect conditions being man-
aged exclusively in that setting. Due
to the relative infrequency of encoun-
ters in the SCH discharge data, we
elected to use the least conservative
version of PMCA (Table 2). However, this
approach unfortunately increased the
likelihood that false-positive findings
would be observed in the C-CD group
because only 1 claim for each of 2
separate body systems is required
during the measurement period for
classification into this group. This
method potentially results in children
who have a history of chronic disease
in 2 body systems but resolved disease
in at least 1 (NC-CD) being incorrectly
classified according to PMCA as having
C-CD.

In Medicaid claims data, PMCA more
commonly misclassified children with
NC-CD as having C-CD. Because our

medical record review focused on
visits occurring in the SCH outpatient
and inpatient settings, substantial
portions of a child’s care occurring
in settings outside of SCH were not
available to the reviewer; it is possible,
therefore, that relevant conditions
were not captured when categorizing
children in the gold standard pop-
ulation. In contrast, when PMCA was
applied to Medicaid claims data,
health care utilization both within and
outside of SCH were available to in-
form categorization. Replication of
this study in a system in which all
medical records data are available for
review could potentially address this
limitation.

We purposefully oversampled chil-
dren with C-CD for the gold standard
population (350 of 700); this pop-
ulation therefore differs from the
overall state Medicaid population. As
expected with large numbers of chil-
dren with C-CD, the study sample had
more fee-for-service coverage and
prolonged Medicaid eligibility. In ad-
dition, the sample was younger and
more racially and ethnically diverse
than the state Medicaid population.
Overall, 6% of children insured by WA-
Medicaid from 2009 to 2011 were
classified with C-CD, 16% with NC-CD,
and 74% without CD.

As the Patient Protection and Afford-
ableCareAct is implemented,Medicaid
and the health care system increas-
ingly need strategies to allocate re-
sources. Children with C-CD are most
likely to benefit fromcare coordination
and other resources, and accurate
identification of this group is critical.21

These children may suffer the worst
quality of care for many of the mea-
sures under development by the PQMP.
Use of PMCA will allow us to address
the legislative mandate to assess dis-
parities by using special health care
need status and further test the hy-
pothesis that children with C-CD
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experience poorer quality of care than
either children with NC-CD or healthy
children.

Thepresent studyhadseveral additional
limitations. Approaches relying on sec-
ondary data containing ICD-9-CM codes
are only as good as the completeness of
the original sources. Therefore, children
who do not interact with the health care
system will lack the necessary in-
formation todefine their level ofmedical
complexity, and children enrolled in$2
health plans will have incomplete en-
counter information in both data sets.
Furthermore, encounters for conditions
that do not result in a claim will not be
captured in administrative data. Any
manual assessment of medical records
data are subject to human error; how-
ever, the reviewer for the present study
is experienced in this type of review22

and brought cases in which she was
unsure to the physician panel for eval-

uation. Assignment of the body system
and progressive flags to ICD-9-CM codes
in PMCA was based on the clinical ex-
perience of 2 authors; others may thus
disagree with our designations of
whether a condition is progressive or
with body system assignments for con-
ditions. Because this study targeted
identification of children with C-CD, our
gold standard population was drawn
from a tertiary care hospital and was
not representative of WA-Medicaid–
insured children. Further validation
work in other populations of children,
including health systems in which
most children primarily access out-
patient care, is needed. We also an-
ticipate the need for further changes
to PMCA to ensure compatibility with
future widespread adoption of In-
ternational Classification of Diseases,
10th Revision, Clinical Modification,
codes.

CONCLUSIONS

Despite its limitations and potential
future revisions, PMCA is a new, publicly
available algorithm that identified
children with C-CD (who have accessed
tertiary hospital care) with good sen-
sitivity and good to excellent specificity
when applied to either hospital dis-
charge or Medicaid claims data. As
health care reform is implemented, use
of PMCA will be critical to target
resources and services such as care
coordination to children with the most
needs.
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