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Distinguishing Children’s Hospitals From
Non–Children’s Hospitals in Large Claims Data
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ABSTRACT

BACKGROUND: The ﬁrst methodologic step needed to compare pediatric health outcomes at
children’s hospitals (CHs) and non–children’s hospitals (NCHs) is to classify hospitals into CH and
NCH categories. However, there are currently no standardized or validated methods for classifying
hospitals. The purpose of this study was to describe a novel and reproducible hospital classiﬁcation
methodology.
METHODS: By using data from the 2015 American Hospital Association survey, 4464 hospitals
were classiﬁed into 4 categories (tiers A–D) on the basis of self-reported presence of pediatric
services. Tier A included hospitals that only provided care to children. Tier B included hospitals
that had key pediatric services, including pediatric emergency departments, PICUs, and NICUs. Tier
C included hospitals that provided limited pediatric services. Tier D hospitals provided no key
pediatric services. Classiﬁcations were then validated by using publicly available data on hospital
membership in various pediatric programs as well as Health Care Cost Institute claims data.
RESULTS: Fifty-one hospitals were classiﬁed as tier A, 228 as tier B, 1721 as tier C, and 1728 as tier
D. The majority of tier A hospitals were members of the Children’s Hospital Association, Children’s
Oncology Group, and National Surgical Quality Improvement Program–Pediatric. By using claims
data, the percentage of admissions that were pediatric was highest in tier A (88.9%), followed by
tiers B (10.9%), C (3.9%), and D (3.9%).
CONCLUSIONS: Using American Hospital Association survey data is a feasible and valid
method for classifying hospitals into CH and NCH categories by using a reproducible
multitiered system.

a
Department of
Behavioral Sciences and
Health Education, Rollins
School of Public Health,
b
Division of Pediatric
Surgery, Department of
Surgery, School of
Medicine, and
d
Department of
Economics, Emory
University, Atlanta,
Georgia; cChildren’s
Healthcare of Atlanta,
Atlanta, Georgia and
e
Division of Pediatric
Surgery, Department
of Surgery, Feinberg
School of Medicine,
Northwestern University
and Ann and Robert H.
Lurie Children’s Hospital
of Chicago, Chicago,
Illinois

www.hospitalpediatrics.org
DOI:https://doi.org/10.1542/hpeds.2019-0218
Copyright © 2020 by the American Academy of Pediatrics
Address correspondence to Mehul V. Raval, MD, MS, Division of Pediatric Surgery, Department of Surgery, Feinberg School of Medicine,
Northwestern University and Ann and Robert H. Lurie Children’s Hospital of Chicago, 633 N St Clair St, 20th Floor, Chicago, IL 60611.
E-mail: mraval@luriechildrens.org
HOSPITAL PEDIATRICS (ISSN Numbers: Print, 2154-1663; Online, 2154-1671).
FINANCIAL DISCLOSURE: The authors have indicated they have no ﬁnancial relationships relevant to this article to disclose.
FUNDING: Supported by grant R01HS024712 from the Agency for Healthcare Research and Quality. The content is solely the responsibility
of the authors and does not necessarily represent the ofﬁcial views of the Agency for Healthcare Research and Quality. Funded by the
National Institutes of Health (NIH).
POTENTIAL CONFLICT OF INTEREST: The authors have indicated they have no potential conﬂicts of interest to disclose.
Ms Piper assisted with conceptualizing the study, conducted analyses, and drafted the initial manuscript; Dr McCarthy conceptualized
and designed the study, conducted analyses, and reviewed and revised the manuscript; Drs Baxter and Raval conceptualized and
designed the study, coordinated data analysis, and critically reviewed the manuscript; and all authors approved the ﬁnal manuscript as
submitted and agree to be accountable for all aspects of the work.

HOSPITAL PEDIATRICS Volume 10, Issue 2, February 2020

Downloaded from http://publications.aap.org/hospitalpediatrics/article-pdf/10/2/123/812292/hpeds_2019-0218.pdf
by guest

123

Children’s hospitals (CHs) provide highvolume, specialized, and resource-intensive
care to children who are the sickest and often
require highly trained care providers and
cutting-edge technology. Although CHs
comprise ,5% of all hospitals in the United
States, they account for 40% of pediatric
inpatient days and 50% of national pediatric
health care costs.1 Because these hospitals
represent a disproportionate amount of
pediatric health care costs, it is important to
determine if the high-cost, resource-intensive
care provided by CHs is justiﬁed by improved
health outcomes. To compare health
outcomes at CHs and non–children’s hospitals
(NCHs), the ﬁrst step is to classify hospitals
into CH and NCH categories. However, the lack
of a systematic and standardized process for
classifying hospitals poses methodological
challenges for these studies.
In this study, we present a novel and
reproducible method for distinguishing CHs
from NCHs that addresses the limitations
with existing classiﬁcation strategies. By
using the 2015 American Hospital
Association (AHA) survey, 4464 hospitals
were classiﬁed into 4 categories on the
basis of the level of pediatric services
offered. The classiﬁcations were then
veriﬁed by using publicly available data on
hospital membership in various pediatric
programs as well as commercial insurance
claims data.

described specialty centers) were excluded
from the data set as well. After exclusion of
noncommunity and specialty centers, the
sample included 4464 hospitals.
Once the hospitals were classiﬁed into CH
and NCH categories by using AHA data
(described below), Health Care Cost
Institute (HCCI) claims data were used to
validate the classiﬁcations. The HCCI data
consist of the universe of hospital inpatient
claims to 3 large national insurers.3 This
database uses AHA hospital identiﬁcation
numbers, which allows for merging of the
2 data sources. This study was deemed
exempt from full institutional board review
because of the patient-level de-identiﬁed
nature of the data sets.

Deﬁning CHs Versus NCHs
Using the sample of 4464 hospitals from the
2015 AHA survey, we categorized the
hospitals into 4 different tiers (tiers A–D) on
the basis of self-reported presence of
pediatric-speciﬁc structural elements and
service lines. All hospitals that answered
yes to the question “Does the hospital
restrict admissions primarily to children?”
were classiﬁed as tier A. Tier B hospitals

were deﬁned as all non–tier A hospitals that
had all of the following: a pediatric
emergency department, NICU, and PICU. Tier
C hospitals were deﬁned as all non–tier B
hospitals that had any pediatric services (ie,
hospitals that had at least 1 of the following:
pediatric beds, a NICU, a PICU, or a pediatric
emergency department). The remaining
hospitals were placed into tier D (Fig 1).

Characteristics of Hospitals in
Each Tier
To characterize the hospitals within each
tier, cross tabulations were performed
between the 4 tiers and other pediatricrelated variables in the AHA data set.
Variables from the AHA data set used to
describe the tiers included presence of
general pediatric medical and surgical care,
presence of full-time neonatal intensivists,
presence of full-time pediatric intensivists,
Council of Teaching Hospitals membership,
presence of pediatric cardiac services, and
hospital location (metropolitan,
micropolitan, or rural). Hospitals were
categorized as having pediatric cardiac
services if they had at least 1 of the
following: general pediatric cardiac
services, pediatric cardiac surgery,

METHODS
Data Sources
The AHA survey is an ongoing
comprehensive census of US hospitals. The
purpose of the survey is to collect facilitylevel demographics and characteristics,
including service offerings, beds, use, and
stafﬁng. The survey proﬁles a universe of
.6400 hospitals, and historically, response
rates have been .75% each year.2
For this analysis, we used the 2015 AHA
survey, which contains responses from
6251 hospitals in the United States.
Non–community hospitals, or hospitals not
accessible to the public, were excluded from
the data set. Specialty hospitals (such as
cancer, orthopedics, rehabitlitation,
behavioral, surgical, psychiatric, and
cardiac facilities, or other individually

FIGURE 1 Strategy for classifying hospitals into tiers A to D. ED, emergency department.
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pediatric diagnostic catheterization,
pediatric interventional catheterization,
or pediatric cardiac electrophysiology.
In addition to these variables, we also
calculated the mean number of pediatric
hospital beds and the mean percentage of
hospital beds devoted to pediatric patients
in each tier. The percentage of hospital beds
devoted to pediatric patients was calculated
by summing the total number of pediatric
beds (sum of general pediatric beds, NICU
beds, neonatal intermediate care beds, and
PICU beds), dividing it by the total number of
hospital beds, and converting it to a
percentage. x2 tests and 1-way analysis of
variance tests were used to assess
between-tier differences in each of these
characteristics. All analyses were conducted
in SPSS version 24.4

Validating Classiﬁcations by Using
Publicly Available Data
The tiers were then validated against
publicly available data, which included
Children’s Hospital Association (CHA)
membership5; Children’s Oncology Group
membership6; presence of an American
College of Surgeons–veriﬁed pediatric
trauma center (level I or II),7 availability of
pediatric heart, liver, or kidney transplants8;
presence of a NICU (level 3 or 4)9; availability
of congenital heart surgery10; and
participation in the American College of
Surgeons National Surgical Quality
Improvement Program–Pediatric (ACS
NSQIP-P).11 Cross tabulations were
performed between the tiers and each of
these variables, and x2 tests were used to
assess signiﬁcance.

Validating Classiﬁcations by Using
Health Care Claims Data
The AHA hospital identiﬁcation number was
used to link the 2015 AHA data set to the
2015 HCCI data set. Approximately, 40% (n 5
1769) of the AHA hospitals were represented
in the HCCI claims data. Once merged, the
percentage of hospital admissions that were
pediatric was calculated for each tier and for
the unclassiﬁed hospitals (ie, hospitals that
did not receive a tier designation because of
missing AHA data). This percentage was
calculated by dividing the number of
pediatric admissions (patients aged 0–18,

excluding newborns) by the total number of
admissions observed within each tier
(including newborns). Newborns were
purposefully excluded to avoid capture of
delivery or birthing hospitals.

RESULTS
Characteristics of Hospitals Within
Each Tier
On the basis of the 2015 AHA data,
51 hospitals were classiﬁed as tier A, 228
as tier B, 1721 as tier C, and 1728 as tier D,
and 736 hospitals could not be classiﬁed
because of missing data. Almost all
hospitals in tier A (98.0%) and tier B (99.6%)
had general pediatric medical and surgical
care, whereas fewer tier C (71.8%) and tier
D (16.7%) hospitals had these services (P ,
.001). The proportion of hospitals that had
pediatric cardiac services was greatest in
tiers A and B (86.3% and 77.6%,
respectively) and lowest in tiers C and D
(11.1% and 2.5%, respectively; P , .001).
Similarly, the proportion of hospitals that
had full-time neonatal intensivists and fulltime pediatric intensivists, were members
of the Council of Teaching Hospitals, and
were located in a metropolitan area was
highest in tiers A and B. Furthermore, the
average percentage of hospital beds
devoted to pediatric patients was greatest
in tier A (mean 84.5: SD 619.2), followed by
tier B (mean 15.8; SD 67.9), tier C (mean
6.7; SD 66.6), and tier D (mean 0) (P ,
.001). See Table 1 for more speciﬁc
descriptive statistics.
Validating Classiﬁcations by Using
Publicly Available Data
The tier classiﬁcations were then validated by
using publicly available hospital data
(Table 2). The majority of tier A hospitals
were members of the CHA (90.2%),
approximately half of tier B hospitals were
members (52.6%), and few tier C, tier D, and
unclassiﬁed hospitals were members (1.2%,
0.1%, and 1.4%, respectively; P , .001).
Similar trends were seen for Children’s
Oncology Group membership, in which 80.2%
of tier A, 40.8% of tier B, 0.8% of tier C, 0.1%
of tier D, and 1.0% of unclassiﬁed hospitals
were members (P , .001). Also, 47.3% of
hospitals in tier A, 24.1% of hospitals in tier B,
0.7% of hospitals in tier C, 0.1% of hospitals in
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tier D, and 0.4% of unclassiﬁed hospitals
were pediatric trauma level 1 or 2 centers
(P , .001). Furthermore, pediatric transplants
(heart, liver, and kidney) and congenital heart
surgery were most common among tier A
hospitals. The proportion of hospitals with
level 3 or 4 NICUs was highest in tiers A and B
(84.3% and 86.8%, respectively) and lowest in
tier C, tier D, and unclassiﬁed hospitals
(26.1%, 0.9%, and 7.9%, respectively; P , .001).
ACS NSQIP-P membership also varied by tier,
with 76.1% of the hospitals in tier A, 23.7% of
the hospitals in tier B, 0.1% of the hospitals in
tier C, none of the hospitals in tier D, and 0.4%
of unclassiﬁed hospitals having this
designation (P , .001).

Validating Classiﬁcations by Using
Health Care Claims Data
The tier classiﬁcations were then validated
by using 2015 HCCI claims data. Of the
hospitals that were in the HCCI data set,
36 were tier A, 215 were tier B, 1011 were
tier C, 344 were tier D, and 163 were
unclassiﬁed hospitals. These ﬁgures
were stable when assessing HCCI data from
2010 to 2014. The percentage of admissions
that were pediatric was highest in tier A
(88.95% with an interquartile range (IQR) of
87.1%–92.8%). Pediatric admissions were
substantially lower in tier B (10.96%; IQR
4.0%–15.1%), tier C (3.92%; IQR 0.4%–4.7%),
and tier D (3.98%; IQR 0%–4.7%).
Additionally, 28.06% (IQR 1.6%–44.8%) of
admissions at unclassiﬁed hospitals were
pediatric (Fig 2).
DISCUSSION
In this study, we developed a reproducible
method to classify hospitals using AHA
survey data. This methodology was then
validated by using publicly available hospital
data as well as health care claims data. Our
validations reveal that hospitals in tier A
have the most comprehensive pediatric
services and have substantially higher
pediatric admissions than hospitals in the
other tiers, suggesting that these
51 hospitals are CHs. Tier A hospitals are
most likely to have level I pediatric trauma
centers, conduct organ transplants, and
conduct congenital heart surgery and are
most likely to have memberships in the CHA,
Children’s Oncology Group, and ACS NSQIP-P.
125

TABLE 1 Characteristics of Hospitals in Each Tier, Based on the 2015 AHA Survey
Tier A (n 5 51)

Tier B (n 5 228)

Tier C (n 5 1721)

Tier D (n 5 1728)

Pa

Restricts admissions to children, n (%)

51 (100)

0 (0)

0 (0)

0 (0)

,.001

NICU, n (%)b

44 (86.3)

228 (100)

710 (41.3)

0 (0)

,.001

b

PICU, n (%)

43 (84.3)

228 (100)

134 (7.8)

0 (0)

,.001

Pediatric emergency department, n (%)b

42 (82.4)

228 (100)

557 (32.4)

0 (0)

,.001

General pediatric medical and surgical care, n (%)

50 (98.0)

227 (99.6)

1236 (71.8)

289 (16.7)

,.001

Pediatric cardiac services, n (%)c

44 (86.3)

177 (77.6)

191 (11.1)

44 (2.5)

,.001

Full-time neonatal intensivists, n (%)

29 (56.7)

163 (71.5)

360 (20.9)

14 (0.8)

,.001

Full-time pediatric intensivists, n (%)

34 (66.7)

167 (73.2)

72 (4.2)

2 (0.1)

,.001

Member of the Council of Teaching Hospitals, n (%)

16 (29.6)

114 (50.0)

97 (5.6)

20 (1.2)

,.001

224.8 (130.7)

95.4 (58.8)

15.5 (18.5)

0 (0)

,.001

84.5 (19.2)

15.8 (7.9)

6.7 (6.6)

0 (0)

,.001

b

No pediatric beds, mean (SD)d
Percentage of pediatric beds, mean (SD)e

,.001

f

Location, n (%)

Metropolitan

51 (100)

223 (97.8)

1220 (70.9)

734 (42.5)

Micropolitan

0 (0)

3 (1.3)

287 (16.7)

358 (20.7)

Rural

0 (0)

2 (0.9)

214 (12.4)

636 (36.8)

P values are based on x and 1-way analysis of variance tests.
The variable was used to categorize hospitals into tiers.
c
Includes hospitals with any of the following services: pediatric cardiac services, cardiac surgery, pediatric diagnostic catheterization, pediatric interventional
catheterization, pediatric cardiac electrophysiology.
d
Includes NICU beds, PICU beds, neonatal intermediate care beds, and general pediatric medical and surgical beds.
e
Percentage of total hospital beds devoted to pediatric patients ((NICU beds 1 PICU beds 1 neonatal intermediate care beds 1 general pediatric medical and
surgical beds)/the total number of hospital beds.
f
Metropolitan areas contain at least 50 000 people, micropolitan areas contain at least 10 000 but ,50 000 people, and rural areas contain ,10 000 people.
2

a

b

Many of the tier B hospitals have similar
pediatric services and memberships, but
they have a lower proportion of admissions
that are pediatric (10.96% in tier B versus
88.95% in tier A). The provision of
comprehensive pediatric services and low
pediatric admissions suggests that tier B
hospitals are general hospitals with
children’s units. Therefore, for speciﬁc
studies and research questions,

investigators may elect to consider both
Tier A and Tier B hospitals as CHs rather
than only considering tier A hospitals as
CHs. Although stand-alone children’s
hospitals may be directly of interest in some
studies, our analysis reveals that limiting
the deﬁnition of CHs only to those with CHA
membership will exclude a signiﬁcant
number of hospitals for which comparable
pediatric services are available. tier C and D

hospitals have minimal pediatric services,
and virtually none of these hospitals are
members of the CHA, Children’s Oncology
Group, or ACS NSQIP-P. Therefore, we would
categorize tier C and D hospitals as NCHs.
We were able to conduct these analyses
because the claims data provider that we
used, HCCI, provided hospital-level matching
on features abstracted from the AHA survey
data and from our manual designations of

TABLE 2 Characteristics of Hospitals in Each Tier, Based on Publicly Available Data Sources
Tier A (n 5 51)
n (%)

Tier B (n 5 228)
n (%)

CHA5

46 (90.2)

120 (52.6)

Children’s Oncology Group6

41 (80.2)

93 (40.8)

Tier C (n 5 1721)
n (%)

Tier D (n 5 1728)
n (%)

Unclassiﬁed (n 5 736)
n (%)

Pa

20 (1.2)

1 (0.1)

10 (1.4)

,.001

14 (0.8)

1 (0.1)

7 (1.0)

,.001

Trauma level7
1

19 (37.3)

27 (11.8)

5 (0.3)

1 (0.1)

0 (0)

,.001

2

5 (10.0)

28 (12.3)

7 (0.4)

0 (0)

3 (0.4)

,.001

27 (53.0)

26 (11.4)

5 (0.3)

1 (0.1)

1 (0.1)

,.001

Transplants8
Heart
Liver

21 (41.2)

25 (11.1)

3 (0.2)

1 (0.1)

1 (0.1)

,.001

Kidney

29 (56.9)

60 (26.3)

7 (0.4)

4 (0.2)

2 (0.3)

,.001

Congenital heart surgery10

34 (66.7)

33 (14.5)

2 (0.1)

0 (0)

1 (0.1)

,.001

NICU level 3 or 49

43 (84.3)

198 (86.8)

450 (26.1)

15 (0.9)

58 (7.9)

,.001

35 (76.1)

54 (23.7)

2 (0.1)

0 (0)

3 (0.4)

,.001

11

ACS NSQIP-P
a

P values are based on x2 tests.
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FIGURE 2 Percentage of admissions that are designated pediatric, by tier.

publicly available pediatric services. This
level of collaboration with administrative and
claims data providers is rare, and health
services researchers are left to use
proportions of pediatric admissions to
reliably differentiate CHs from NCHs. Our
study suggests that this practical application
of the proportion of pediatric admissions (or
discharges) is valid. For example, our study
revealed that nearly 90% of admissions at
tier A hospitals were pediatric admissions,
compared with ∼#11% at tier B, C, and D
hospitals. Thus, distinguishing between
hospital types is possible even when hospitallevel identiﬁers are not available. Although
possible, we would advise caution of
additional stratiﬁcations of hospital types,
such as tier B versus tier C, by using
discharge proportions alone.
Authors of previous studies investigating
differences between CHs and NCHs used a
variety of strategies to classify hospitals.
One commonly used method for
determining CH status is participation in the
Pediatric Health Information System, which
is a pediatric database that includes clinical
and resource use data for 49 freestanding
CHs that are members of the CHA.12–16 CHA
membership is also commonly used as a
method to determine CH status, with
.200 US hospitals currently having this
membership.17,18 Another commonly used
database is the Healthcare Cost and

Utilization Project Kids’ Inpatient Database
(KID).19,20 This database includes pediatric
hospital discharge abstracts from 46 states,
with all freestanding CHs being classiﬁed as
CHs and all other hospitals being classiﬁed
as NCHs. The KID is typically released in
3-year intervals, but the deﬁnition used
to classify hospitals in the 2012 version
dramatically changed compared with the
deﬁnition used in previous versions, making
multiyear comparisons challenging.21 Other
methods to identify CHs include the
availability of pediatric services such as
pediatric trauma centers.17,22
Although commonly used, these previous
classiﬁcation strategies have several
limitations. First, the Pediatric Health
Information System and KID data sets only
include a subset of US hospitals.
Furthermore, these strategies are often
focused on freestanding CHs and do not
granularly account for varying types of
pediatric hospitals, such as children’s units
within general hospitals. In most studies,
children’s units are placed in the NCH
category, which may not accurately
represent the level of pediatric care
provided at these facilities. Furthermore,
the lack of a standardized classiﬁcation
method limits cross-study comparisons.
The classiﬁcation methodology proposed in
this study addresses many of the limitations
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with previous strategies to distinguish CHs
from NCHs. First, the AHA survey proﬁles a
universe of .6400 hospitals each year,
allowing investigators to easily classify all
hospitals in the United States using a single
data source. This method may be replicated
for all years of the AHA survey. Additionally,
the use of a standardized classiﬁcation
strategy will allow for cross-study
comparisons. Granular comparisons of care
delivery at CHs versus NCHs are needed to
inform health care delivery system
structure and resource deployment. Trends
toward regionalization of care and
increasing care complexity at CHs must be
critically appraised, with hospitals
categorized in a reproducible and validated
fashion.23 Furthermore, the use of up to
4 tiers gives investigators the opportunity to
consider varying types of pediatric
hospitals, such as freestanding children’s
centers and children’s units within general
hospitals. Investigators can consider tiers
separately or combine them on the basis of
speciﬁc research questions and analyses.
Although we present a validated strategy to
classify hospitals, there are some
limitations to this method. Because the tier
classiﬁcations rely on self-reported data
collected by the AHA survey, there is the
potential for hospitals to be misclassiﬁed.
Additionally, there were many hospitals (n
5 736) in the AHA survey that had missing
data, making it impossible to classify these
hospitals into tiers. Although the response
rate for the AHA survey is high, the response
rate for individual questions is frequently
low (,50%).24 To combat the high amounts
of missing data in the AHA survey, survey
administrators conduct imputation and
estimation of some variables on the basis of
previous years, but they do not estimate
variables related to service offerings, beds,
and facilities (ie, variables used to
categorize hospitals in this study).24 Despite
this limitation, we were able to classify the
vast majority of non–specialty hospitals in
the United States (n 5 3728) and validate
the tiers using health care claims data. The
percentages and interquartile ranges of
pediatric discharges obtained from the HCCI
also suggest that the bulk of the
unclassiﬁed hospitals are NCHs. A ﬁnal
limitation of our proposed methodology is
127

that many administrative and claims data
providers strip hospital-level identiﬁers that
facilitate linkage to AHA data. Under ideal
circumstances, data custodians will provide
linkages with key data elements before
providing investigators with fully stripped
data for further analyses. If this is not
feasible, using proportions of pediatric
admissions and discharges and searching
for critical services of interest, as proposed
in this study, may be possible.

CONCLUSIONS
On the basis of validations with publicly
available hospital information and health care
claims data, using the AHA survey is a feasible
and valid method for classifying hospitals into
CH and NCH categories by using a
reproducible multitiered system. For speciﬁc
studies and research questions, investigators
may elect to consider both Tier A and Tier B
hospitals as CHs. When hospital-level linkages
are not available, using proportions of
pediatric admissions and discharges may
reliably distinguish CHs from NCHs. This study
addresses many of the limitations with
previous classiﬁcation strategies by allowing
investigators to classify virtually all hospitals
in the United States into CH and NCH
categories using a single data source. The
multitiered system also gives researchers
the ﬂexibility to investigate between-tier
differences or combine tiers on the basis
of speciﬁc research questions.
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