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ABSTRACT

OBJECTIVES: We aimed to design a graphical tool for understanding and effectively
communicating the complex differences between pediatric and adult hospital care systems.
PATIENTS AND METHODS: We analyzed the most recent hospital administrative data sets for
inpatient admission and emergency department visits from 7 US states (2014: Arkansas, Florida,
Kentucky, Maryland, Massachusetts, and New York; 2011: California). Probabilities of care
completion (Pcc) were calculated for pediatric (,18 years old) and adult conditions in all acute-care
hospitals in each state. Using the Pcc, we constructed interactive heatmap visualizations for direct
comparison of pediatric and adult hospital care systems.
RESULTS: On average, across the 7 states, 70.6% of all hospitals had Pcc .0.5 for more than half of
all adult conditions, whereas ,14.9% of hospitals had Pcc .0.1 for half of pediatric conditions.
Visualizations revealed wide variation among states with clearly apparent institutional dependencies
and condition-speciﬁc gaps (full interactive versions are available at https://goo.gl/5t8vAw).
CONCLUSIONS: The functional disparities between pediatric and adult hospital care systems are
substantial, and condition-speciﬁc differences should be considered in reimbursement strategies,
disaster planning, network adequacy determinations, and public health planning.
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Pediatric hospital care is consolidating, with
increasing reliance on large referral
centers is being seen.1,2 As a result, care
that was once available in community
hospitals, even for common conditions, now
frequently requires longer travel or
interhospital transfer. Because pediatric
and adult systems of care differ
dramatically, they should be considered
separately in discussions of disaster
preparedness, network adequacy, and
access to care.2 These considerations are
particularly relevant to Medicaid, which is
the primary insurer of hospitalized children.
Because network adequacy schemes
designed to serve adults may inadequately
serve the needs of children, a functional
understanding of the differences between
pediatric and adult hospital care systems is
essential.3 This understanding must be
communicable in a nontechnical manner
that is accessible to a wide range of
stakeholders and policy makers. We have
developed condition-speciﬁc measures of
hospital capability based on historical
experience with admissions and transfers.4
These measures reﬂect the functional
activity of hospitals and may be stratiﬁed by
age, sex, insurance status, and other
variables of interest. To illuminate the
differences between pediatric and adult
hospital care systems, we constructed
state-based heatmap visualizations based
on these measures.

METHODS
Hospital admission and discharge
information was obtained from Healthcare
Cost and Utilization Project (HCUP) State
Inpatient and Emergency Department

Databases data sets encompassing all
acute-care hospital encounters in Arkansas,
California, Florida, Kentucky, Maryland, and
New York. Similar information was also
obtained directly from the Massachusetts
Center for Health Information and Analysis.
Encounters from 2014 were considered for
all states except California, which last
reported data to the HCUP in 2011.

International Classiﬁcation of Diseases,
Ninth Revision, Clinical Modiﬁcation codes
into 285 mutually exclusive categories.6 To
compare hospital systems among the states
and cohorts, we estimated the percentage
of hospitals that completed the care of at
least 10% and 50% of patients (Pcc
.0.1 and Pcc .0.5, respectively) for at least
half of the CCS conditions.

We calculated condition-speciﬁc
probabilities of care completion (Pcc) for all
hospitals in all states and stratiﬁed by age,
deﬁning pediatric patients as ,18 years
old. Patients presenting to hospitals may be
treated as outpatients, admitted, or
transferred to other institutions. The Pcc
concerns conditions that require inpatient
services or some higher level of care and
are calculated as the number of admissions
(A) for a given condition at a given hospital
divided by the number of admissions plus
transfers (T) from both emergency
department and inpatient settings—Pcc 5
A/(A1T)—for each Clinical Classiﬁcations
Software (CCS) condition seen at each
hospital during the period of the study.4
When averaged across all conditions, it
yields a summary measure, the Hospital
Capability Index, which can be used to
compare hospitals and systems of care.2,5 In
any hospital over any study period, Pcc 5
1 when patients with a given condition are
admitted but never transferred, and Pcc 5
0 when patients with the condition are
never seen or always transferred. We have
previously shown that calculations based on
single-year data do not differ signiﬁcantly
from those based on multiyear data.4
Conditions are presented according to the
HCUP’s CCS, which aggregates all

For visualization, Pcc are presented as
heatmaps indicating their magnitude for all
acute-care hospitals and CCS conditions
within a state. Hospital identities were
redacted and rare conditions excluded in
compliance with privacy considerations and
data-use agreements. Mental health
conditions were also excluded because
most transfers for deﬁnitive mental health
care terminate outside the acute-care
hospital system. To aid interpretability of the
heatmaps, hospitals were ordered on the
horizontal axis by increasing capability, and
conditions were ordered on the vertical axis
by increasing availability of care. The
ordering varies in pediatric and adult
heatmaps and among states because of the
differences in capability and availability of
care among systems. This work was
administratively approved by the Boston
Children’s Hospital Committee on Clinical
Investigation. All calculations and image
preparations were performed within
Jupyter Notebook by using Python 3.6.7

RESULTS
The general pattern of pediatric and adult
hospital care was similar in all 7 states.
Deﬁnitive adult care was available for most
conditions in most hospitals, whereas
deﬁnitive pediatric care was unavailable in

TABLE 1 Hospital Capability Characteristics in 2014
Arkansas, % (n) California,a % (n) Florida, % (n) Kentucky, % (n) Massachusetts, % (n) Maryland, % (n) New York, % (n)
Pediatric
Hospitals with Pcc .0.5 for
.50% of the CCS codes

5.6 (4)

14.8 (46)

13.6 (25)

2.0 (2)

9.0 (6)

10.9 (5)

18.6 (31)

Hospitals with Pcc .0.1 for
.50% of the CCS codes

11.1 (8)

18.4 (57)

15.2 (28)

4.1 (4)

14.9 (10)

21.7 (10)

18.6 (31)

Hospitals with Pcc .0.5 for
.50% of the CCS codes

36.1 (26)

83.5 (259)

85.9 (158)

44.9 (44)

80.6 (54)

87.0 (40)

76.0 (127)

Hospitals with Pcc .0.1 for
80% of the CCS codes

50.0 (36)

89.4 (277)

87.5 (161)

59.2 (58)

91.0 (61)

95.7 (44)

79.6 (133)

Adult

a

California information is from 2011.
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most hospitals for most conditions. Table 1
contains descriptive characteristics of the
hospitals comprising health care systems in
different states. Across all states, 90% of
children presented with 77 CCS conditions,
whereas 90% of adults presented with 97 CCS
conditions. On average, across all states,
70.6% of all hospitals had Pcc .0.5 for .50%
of adult conditions, whereas only 14.9% of
hospitals had Pcc .0.1 for .50% of
pediatric conditions. Considering the states
separately, the percentage of hospitals with
Pcc .0.5 for .50% of pediatric conditions
ranged from 2.0% to 18.6%.
Heatmap visualizations revealed the stark
differences between pediatric and adult
hospital care systems. Figure 1
demonstrates the high contrast between the
range of conditions treated and the number

of hospitals caring for children versus
adults in a representative state. The high
degree of dependence on a small number of
specialized centers is readily apparent. Full
and interactive versions of similar
visualizations for all states are available for
closer inspection at https://goo.gl/5t8vAw.

DISCUSSION
Pediatric hospital care is consolidating and
has become much less available than adult
care. Although this is clear to those who
routinely look after children, it is less so to
those who do not. To help communicate the
current status of hospital systems to
policymakers, administrators, health
services researchers, families, and other
stakeholders, we used administrative data
sets to create visualizations of 7 statewide

FIGURE 1 Pediatric and adult acute-care hospital systems: representative heatmap visualization of
a single state’s pediatric (left) and adult (right) acute-care hospital systems. Each cell
reﬂects a speciﬁc condition in a speciﬁc hospital and is colored by the Pcc. See https://
goo.gl/5t8vAw for full-size interactive ﬁgures for all states and additional details.

hospital systems. Within these
visualizations, systemic differences,
institutional dependencies, care gaps, and
the degree of regionalization can be readily
discerned. These visualizations provide
concise “snapshots” of care systems, and
their interactive versions can be used for
health service research.
Hospitals differ widely in their capabilities,
and many hospitals have abandoned their
less proﬁtable pediatric services. Access to
pediatric hospital care is additionally
threatened by insurers pursuing narrownetwork strategies to reduce their costs.8
Unfortunately, the transfer of current
regulatory schemes designed for adults
cannot ensure that children will obtain the
care they need.3 Instead, new schemes
based on a deeper understanding of
pediatric condition–speciﬁc needs and
capabilities are required. These
visualizations make clear that most
hospitals care for most adult conditions but
not most pediatric conditions. Their
interactive versions allow researchers and
other interested parties to explore the
availability of care for speciﬁc conditions.
We believe that this is important for policy
makers to understand in disaster planning,
resource allocation, and assessment of
network adequacy.
It is important to recognize that these
visualizations carry information concerning
the scope of conditions for which care has
been demonstrated and provide snapshots
of how hospitals are actually functioning
within their health care systems. They carry
no information concerning care volume,
quality, or physical capacity. Thus, small
community hospitals may provide highquality care for a limited number of
conditions and, in aggregate, serve many
children. At the same time, hospitals that
always transfer or do not regularly see
patients with a particular condition may be
capable of caring for them. Additional
limitations to be considered include all of
those attendant to retrospective research
with large administrative data sets.9 Also,
our data are organized according to state
boundaries and cannot fully capture the
dynamics within metropolitan areas that
span multiple states. Perhaps most
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importantly, our visualizations do not
include time and distance parameters that
are typically taken into account when
deﬁning network adequacy standards.3
Finally, although we acknowledge their
critical importance, we have elected to
separately study mental health conditions
because their deﬁnitive care usually resides
outside the acute-care hospital system.

CONCLUSIONS
Functional differences between pediatric
and adult hospital care are signiﬁcant, are
similar across states, and present unique
challenges to network adequacy, disaster
management, and public health. Conditionspeciﬁc analysis and visualization of
hospital activity holds potential for
communicating these differences and
informing policy.
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