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systems, patients, and pur-
chasers of health care are
using readmission rates as an

indicator of the quality of care that pa-
tients receive during a hospital admis-
sion and after discharge.1-3 About 20%
of hospitalized elderly Medicare ben-
eficiaries are readmitted within 30 days,
and the readmission rates vary greatly
across hospitals.4,5 This variation is be-
lieved to indicate that a substantial pro-
portion of readmissions may be pre-
ventable.6,7 The Affordable Care Act
mandates that the Centers for Medi-
care & Medicaid Services reduce Medi-
care payments to hospitals with exces-
sively high readmission rates.8

Although readmissions for adults
have been the subject of substantial re-
search,1-8 readmissions for children have
received less attention.9-11 However,
there has been a recent increase in in-
terest in pediatric readmissions. For ex-
ample, the Pediatric Quality Measures
Program, established by the Chil-

dren’s Health Insurance Program Re-
authorization Act, has identified pedi-
atric readmissions as one of the first
measures it will develop.12,13 In addi-
tion, the federal Partnership for Pa-
tients initiative has challenged hospi-
tals to reduce pediatric readmissions by
20%.14,15

To understand potential opportu-
nities to improve pediatric practice
and reduce readmissions, informa-
tion is needed on which diseases
have the highest number of readmis-
sions and whether there are differ-
ences in readmission rates across
hospitals. Therefore, we analyzed

data from 72 children’s hospitals to
examine the percentage of hospital-
ized children who have unplanned
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Importance Readmission rates are used as an indicator of the quality of care that
patients receive during a hospital admission and after discharge.

Objective To determine the prevalence of pediatric readmissions and the magni-
tude of variation in pediatric readmission rates across hospitals.

Design, Setting, and Patients We analyzed 568 845 admissions at 72 children’s
hospitals between July 1, 2009, and June 30, 2010, in the National Association of Chil-
dren’s Hospitals and Related Institutions Case Mix Comparative data set. We esti-
mated hierarchical regression models for 30-day readmission rates by hospital, ac-
counting for age and Chronic Condition Indicators. Hospitals with adjusted readmission
rates that were 1 SD above and below the mean were defined as having “high” and
“low” rates, respectively.

Main Outcome Measures Thirty-day unplanned readmissions following admis-
sion for any diagnosis and for the 10 admission diagnoses with the highest readmis-
sion prevalence. Planned readmissions were identified with procedure codes from the
International Classification of Diseases, Ninth Revision, Clinical Modification.

Results The 30-day unadjusted readmission rate for all hospitalized children was 6.5%
(n=36 734). Adjusted rates were 28.6% greater in hospitals with high vs low read-
mission rates (7.2% [95% CI, 7.1%-7.2%] vs 5.6% [95% CI, 5.6%-5.6%]). For the
10 admission diagnoses with the highest readmission prevalence, the adjusted rates
were 17.0% to 66.0% greater in hospitals with high vs low readmission rates. For ex-
ample, sickle cell rates were 20.1% (95% CI, 20.0%-20.3%) vs 12.7% (95% CI, 12.6%-
12.8%) in high vs low hospitals, respectively.

Conclusions and Relevance Among patients admitted to acute care pediatric hos-
pitals, the rate of unplanned readmissions at 30 days was 6.5%. There was significant
variability in readmission rates across conditions and hospitals. These data may be use-
ful for hospitals’ quality improvement efforts.
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readmissions, which admission diag-
noses have the most readmissions,
and whether readmission rates vary
across hospitals.

METHODS
We conducted a retrospective analysis
of the National Association of Chil-
dren’s Hospitals and Related Institu-
tions (NACHRI) Case Mix Compara-
tive data set of patients 18 years and
younger who were discharged be-
tween July 1, 2009, and June 30, 2010,
from 72 acute care children’s hospi-
tals in 34 states. The hospitals volun-
tarily submitted their data to NACHRI
so that comparative analyses could be
performed to identify best practices and
clinical areas needing care improve-
ment.16 The NACHRI Case Mix is the
largest data set of children’s hospitals
that links patients across hospitaliza-
tions, enabling readmissions analyses.
Boston Children’s Hospital’s institu-
tional review board approved the study
with an informed consent exemption.

We excluded index admissions for
labor and delivery, newborns with a
routine birth, and chemotherapy and
for patients who left against medical
advice, were transferred to another
acute care hospital, or died (eFigure,
available at http://www.jama.com).17

Pregnant adolescents admitted for preg-
nancy-related (eg, pre-eclampsia) and
other health problems (eg, asthma) and
births for newborns with a nonrou-
tine condition (eg, congenital cyto-
megalovirus) were included. We used
the Agency for Healthcare Research and
Quality (AHRQ) Kids’ Inpatient Data-
base (KID) 2009 to compare charac-
teristics of our NACHRI cohort with a
nationally representative sample of hos-
pitalized children (eTable).18

Main Outcome Measures

The first unplanned admission
within 30 days of an index admission
was defined as a readmission. Addi-
tional admissions within 30 days
were not counted as readmissions or
index admissions. An additional
admission after 30 days was counted

as a new index admission. We mea-
sured readmissions following all-
condition admissions and following
the 10 condition-specific admissions
with the highest readmission preva-
lence (ie, admissions with the great-
est number of readmissions). We
used All-Patient Refined Diagnosis-
Related Groups (APR-DRG) version
25 (3M Health Information Systems)
to classify the primary diagnosis
for each admission. APR-DRGs
include 316 mutually exclusive
groupings of clinically related diag-
nosis and procedural codes from
the International Classification of
Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM).19,20 We
refer to each APR-DRG as a diagnosis
throughout the article. We ranked
each diagnosis by the number of
associated readmissions to determine
which diagnoses had the most
readmissions.

We measured unplanned readmis-
sions for any reason (ie, all-cause) be-
cause patients might be readmitted for
related conditions even if the index ad-
mission and readmission diagnoses dif-
fer. We also examined readmissions
with the APR-DRG and with the APR-
DRG Major Diagnostic Category that
match, respectively, the diagnosis and
the organ system/related etiology of the
index admission. To exclude planned
readmissions, pediatric specialists re-
viewed every ICD-9-CM procedure code
(n=4066) and identified procedures for
their specialty that are usually
planned—defined as ones that are
scheduled in advance in more than 80%
of cases (eg, spinal fusion, Nissen fun-
doplication). They identified 2418 such
procedures; when one of them was
coded as the primary procedure, the re-
admission was classified as a planned
readmission.

Case-Mix Adjustment

We adjusted for age and chronic con-
ditions because their association with
readmission risk is believed to be re-
lated to intrinsic patient factors rather
than quality of care.21 Variation in re-
admission risk by age and chronic con-

ditions was significant (P� .001 for
each; TABLE 1 and TABLE 2). More-
over, there was statistically significant
heterogeneity in age and chronic con-
ditions across hospitals (P � .001).
Therefore, these adjustments ac-
counted for hospitals with a greater pro-
portion of patients with a high read-
mission risk due to the types of patients
they served and lessened the likeli-
hood of hospitals being inappropri-
ately labeled as an outlier.

We categorized age as less than 1
year, 1 to 4 years, 5 to 12 years, and
13 to 18 years. To identify chronic
conditions, we used AHRQ’s Chronic
Condition Indicator (CCI) classifica-
tion system,22-24 which dichotomizes
approximately 14 000 ICD-9-CM
diagnosis codes into chronic or non-
chronic conditions and aggregates
chronic conditions into 1 of 18
mutually exclusive clinical groups
(Table 2). We included all groups in
our analyses; however, we combined
2 groups, “complications of preg-
nancy, childbirth, and the puerpe-
rium” and “certain conditions origi-
nating in the perinatal period,”
because of their small size in our
cohort. We also adjusted for the
number of CCI groups for each index
admission as an indicator of medical
complexity.24,25

Additional Patient and Hospital
Characteristics

We assessed differences in readmis-
sion rates by patients’ insurance type
(public, private, no insurance, other),
race/ethnicity (black, Latino, white, and
other), and length of stay (LOS) and by
children’s hospital characteristics, in-
cluding freestanding vs nonfreestand-
ing, geographic region, and number of
annual index admissions. Because ad-
justment for these characteristics raises
the possibility of adjusting for factors
that inappropriately influence qual-
ity,2,26 we did not include them as case-
mix adjusters. Instead, we assessed the
degree to which the variation in ad-
justed readmission rates across hospi-
tals was explained by these character-
istics.
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Table 1. 30-Day Readmission Rates by Case-Mix Adjusters and by Other Patient and Hospital Characteristics

Characteristic
Index Admissions, No. (%)

(N = 568 845)

Unadjusted Adjusted OR
of 30-Day
Unplanned

Readmission
(95% CI)b

30-Day Unplanned Readmissions
P

ValueaNo. % (95% CI)

Case-Mix Adjusters
Age, y

�1 171 407 (30.1) 10 692 6.2 (6.1-6.4) 1.09 (1.05-1.12)

1-4 145 183 (25.5) 9056 6.2 (6.1-6.4)
�.001

1.00 (0.97-1.03)

5-12 147 265 (25.9) 9035 6.1 (6.0-6.3) 0.89 (0.86-0.92)

13-18 104 990 (18.5) 7951 7.6 (7.4-7.7) 1 [Reference]

No. of CCIsc

�4 36 888 (6.5) 6178 16.8 (16.4-17.1) 5.27 (5.05-5.49)

3 42 518 (7.5) 5290 12.4 (12.1-12.8) 3.91 (3.76-4.08)

2 90 538 (15.9) 8480 9.4 (9.2-9.6) �.001 2.98 (2.87-3.09)

1 197 972 (34.8) 10 628 5.4 (5.3-5.5) 1.74 (1.68-1.79)

No CCI 200 929 (35.3) 6158 3.1 (3.0-3.1) 1 [Reference]

Other Patient and Hospital Characteristics
Insuranced

Public 299 812 (55.2) 20 628 6.9 (6.8-7.0) 1.12 (1.09-1.15)

None 10 671 (2.0) 477 4.5 (4.1-4.9)
�.001

0.85 (0.77-0.94)

Private 207 741 (38.2) 17 613 5.9 (5.8-6.0) 1 [Reference]

Other 24 978 (4.6) 1537 6.2 (5.9-6.5) 1.07 (1.00-1.14)

Race/ethnicityd

Black 108 469 (19.7) 7505 6.9 (6.8-7.1) 1.06 (1.03-1.09)

Latino 114 859 (20.8) 7501 6.5 (6.4-6.7)
�.001

1.09 (1.05-1.12)

Other 55 686 (10.1) 3457 6.2 (6.0-6.4) 0.99 (0.95-1.03)

White 272 367 (49.4) 17 613 6.5 (6.4-6.6) 1 [Reference]

Length of stay, d
�7 104 431 (18.4) 11 738 11.2 (11.0-11.4) 1.79 (1.73-1.84)

5-6 52 500 (9.2) 4112 7.8 (7.6-8.1)
�.001

1.43 (1.38-1.49)

3-4 128 378 (22.6) 7933 6.2 (6.0-6.3) 1.24 (1.20-1.28)

1-2 283 536 (49.8) 12 951 4.6 (4.5-4.6) 1 [Reference]

No. of annual admissions
Quartile 4 227 158 (39.9) 15 495 6.8 (6.7-6.9) 1.16 (1.02-1.33)

Mean (range) 12 620 (10 583-18 317)

Quartile 3 158 936 (27.9) 10 458 6.6 (6.5-6.7) 1.07 (0.95-1.19)

Mean (range) 8830 (7020-10 327)
.005

Quartile 2 112 712 (19.8) 6761 6.0 (5.9-6.1) 1.05 (0.94-1.18)

Mean (range) 6262 (5372-6981)

Quartile 1 70 039 (12.3) 4020 5.7 (5.6-5.9) 1 [Reference]

Mean (range) 3891 (1990-5061)

Children’s hospital typee

Freestanding 386 033 (67.9) 25 594 6.6 (6.6-6.7)
.04

0.98 (0.90-1.08)

Nonfreestanding 182 812 (32.1) 11 140 6.1 (6.0-6.2) 1 [Reference]

Geographic region
Northeast 86 127 (15.1) 6144 7.1 (7.0-7.3)

Midwest 138 906 (24.4) 9157 6.6 (6.5-6.7)
.26 NAf

South 219 471 (38.6) 13 774 6.3 (6.2-6.4)

West 124 341 (21.9) 7659 6.2 (6.0-6.3)
Abbreviations: CCI, Chronic Condition Indicator; NA, not applicable; OR, odds ratio.
aP value for multiple degrees-of-freedom block test on all categories of the characteristic to assess whether readmission rates varied across the categories was calculated from a hier-

archical logistic regression model with a fixed effect for the characteristic and a random effect for hospital.
bAdjusted OR from hierarchical logical regression model with random effect for hospital and fixed effects for all characteristics that were bivariately significant with P� .20.
cThe CCIs, developed by the Agency for Healthcare Research and Quality, categorize approximately 14 000 International Classification of Diseases, Ninth Revision, Clinical Modification

diagnosis codes into 1 of 2 categories, chronic or not chronic conditions, and assign codes for the chronic conditions into one of 18 mutually exclusive body system groups.
dAdmissions with missing race/ethnicity and insurance values were excluded from the respective index admission frequencies and regression models. Race/ethnicity and insurance

status were missing for 3.1% and 4.5% of the index admissions, respectively. Five hospitals accounted for nearly half of the records missing race/ethnicity, and 4 hospitals accounted
for nearly 90% of the records with missing insurance status.

eChildren’s hospital type is a designation provided by the National Association of Children’s Hospitals and Related Institutions to classify children’s hospitals as a children’s general
hospital (ie, freestanding) and a children’s unit within a general hospital (ie, nonfreestanding).

fAnnual hospital volume was not included in multivariable analysis because it was not significantly associated with readmission rate in bivariate analysis.
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Statistical Analyses
We used hierarchical logistic regres-
sion models to assess differences in re-
admission rates by patient and hospital
characteristics. We began with hospital
random-effect models, each with 1 fixed
effectper characteristicof interest.Amul-
tiple degrees-of-freedom block test was
used to determine statistical signifi-
cance for each characteristic. Character-
istics with an effect of P� .20 were then
entered, simultaneously, into a multi-
variable model. Preplanned pairwise
comparisons of subgroups (eg, Latino vs
white) were performed in the multivari-
able model.

To assess variation in readmission
rates across hospitals, we began with a
hospital random-effect model without
any fixed effects. We subsequently de-
rived an adjusted model by adding fixed
effects for each case-mix adjuster (age,
each CCI group, and CCI count). To
assess model overfitting, we built mod-
els with 1, 2 (all combinations), and 3
case-mix adjusters and compared the

Akaike information criterion (AIC)
among the models.27 As additional case-
mix adjusters were added, the AIC de-
creased, suggesting that the model with
all 3 case-mix adjusters was not over-
fit. In the adjusted model, all 3 case-
mix adjusters remained significantly as-
sociated with readmission risk
(P� .001), suggesting that each ad-
juster was explaining a significant
amount of variance beyond the other
adjusters.

We estimated the variation of ad-
justed readmission rates across all hos-
pitals and used the statistical signifi-
cance of the variance component for the
hospital random effect to partition the
variation into systematic variation vs
variation due to chance. The 2-sided
significance threshold was P� .05. We
then added fixed effects for additional
patient and hospital characteristics (eg,
patient race/ethnicity and type of chil-
dren’s hospital) into the adjusted model
to assess whether the variability in ad-
justed readmission rates across hospi-

tals was reduced when accounting for
these characteristics.

There were 450 index admissions
(�0.1%) excluded from analysis be-
cause of missing data for variables that
were necessary to define the study co-
hort (eFigure). For assessment of the
effects of additional patient and hospi-
tal characteristics, 17 464 (3.1%) and
25 643 (4.5%) index admissions that
were missing race/ethnicity and insur-
ance status, respectively, were ex-
cluded in bivariate analysis; 42 117 in-
dex admissions (7.4%) were excluded
in multivariable analysis because of
missing race/ethnicity, insurance sta-
tus, or both. Data were analyzed using
SAS version 9.3 (SAS Institute).

RESULTS
We examined 568 845 index admis-
sions for readmission within 30 days
(eFigure). The 30-day readmission rate
was 6.5% (n=36 734); among readmit-
ted children, 39.0% (n=14 325) were
readmitted in the first 7 days and 61.6%

Table 2. Chronic Condition Indicators and 30-Day Readmission Rate

CCI Group

Index
Admissions,

No.
Examples of Specific Diagnoses

Within the CCI Group

30-Day Unplanned
Readmissions

No. % (95% CI)

Neoplasms 19 687 Acute leukemia, malignant brain neoplasm 4145 21.1 (20.5-21.6)

Injury and poisoning 1258 Spinal cord injury, toxic effect of metals 217 17.3 (15.2-19.3)

Factors influencing health status and contact
with health services

44 795 Transplantation (eg, bone marrow, cardiac),
medical technology (eg, gastrostomy,
tracheostomy)

7116 15.9 (15.5-16.2)

Diseases of the genitourinary system 14 608 End-stage renal disease, neurogenic bladder 2217 15.2 (14.6-15.8)

Diseases of blood and blood-forming organs 44 526 Sickle cell anemia, neutropenia 6729 15.1 (14.8-15.4)

Diseases of the circulatory system 45 249 Cardiac dysrhythmia, primary cardiomyopathy 5789 12.8 (12.5-13.1)

Diseases of the digestive system 58 528 Inflammatory bowel disease, chronic pancreatitis 7415 12.7 (12.4-12.9)

Infectious and parasitic disease 744 Human immunodeficiency virus, chronic hepatitis 90 12.1 (9.7-14.4)

Diseases of the nervous system and sense
organs

84 450 Epilepsy, cerebral palsy 9030 10.7 (10.5-10.9)

Endocrine, nutritional, and metabolic diseases
and immunity disorders

60 572 Type 1 diabetes mellitus, cystic fibrosis 6385 10.5 (10.3-10.8)

Diseases of the skin and subcutaneous tissue 3939 Scleroderma, pressure ulcer 359 9.1 (8.2-10.0)

Mental disorders 61 173 Anxiety disorder, major depressive disorder 5509 9.0 (8.8-9.2)

Congenital anomalies 111 588 Congenital heart disease, spina bifida 9790 8.8 (8.6-8.9)

Symptoms, signs, and ill-defined conditions 4748 Sleep apnea, aphasia 379 8.0 (7.2-8.8)

Diseases of the musculoskeletal system 20 706 Scoliosis, juvenile rheumatoid arthritis 1643 7.9 (7.6-8.3)

Complications and conditions of pregnancy,
childbirth, and during the perinatal perioda

989 Neonatal diabetes mellitus, congenital
cytomegalovirus

66 6.7 (5.1-8.2)

Diseases of the respiratory system 101 775 Asthma, bronchiectasis 6225 6.1 (6.0-6.3)
Abbreviation: CCI, Chronic Condition Indicator.
aThis CCI includes pregnant adolescents admitted for pregnancy-related problems and births for newborns with a nonroutine condition.
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(n=22 628) in the first 14 days. Me-
dian age at admission was 3 years (in-
terquartile range, 0-10), and 55.2%
(n = 299 812) had public insurance
(Table 1) . Thir ty- f ive percent
(n=197 972) had 1 CCI, and 29.9% had
2 or more CCIs. The most common
CCIs among children in the cohort were
congenital anomalies (n = 111 588;
19.6%), such as congenital heart dis-
ease; respiratory diseases (n=101 775;
17.9%), such as asthma; and neuro-
logic diseases (n=84 450; 14.8%), such
as cerebral palsy (Table 2). Our co-
hort had a distribution of age, race/
ethnicity, and insurance type similar to
the nationally representative sample of
hospitalized children in the KID. How-
ever, more children in our cohort had
2 or more CCIs and the hospitals had
a larger number of annual admissions
(eTable).

Readmissions Rates
for the Case-Mix Adjusters

In bivariate analyses, readmission rates
varied significantly (P� .001) for each
case-mix adjuster (ie, age, CCI group,
and CCI count). Readmission rates were
higher for children aged 13 to 18 years
(7.6%) than for children aged 5 to 12
years (6.1%), 1 to 4 years (6.2%), and

less than 1 year (6.2%) (P � .001)
(Table 1). Among the CCI groups, the
highest and lowest readmission rates
were observed for children with neo-
plasms (21.1%) and chronic respira-
tory diseases (6.1%), respectively
(Table 2). Readmission rates in-
creased as CCI count increased: 5.4%
for 1 CCI, 9.4% for 2 CCIs, 12.4% for
3 CCIs, and 16.8% for 4 or more CCIs
(P� .001) (Table 1). Patients’ age, CCI
group, and CCI count remained sig-
nificantly associated with the likeli-
hood of readmission in multivariable
analysis (P� .001 for all).

Readmission Rates
for Additional Patient
and Hospital Characteristics

Readmission rates varied by patients’ in-
surance type, race/ethnicity, and LOS;
by hospitals’ number of annual admis-
sions; and by hospital type (Table 1).
For example, readmission rates were
6.9% for patients with public insur-
ance, 5.9% for private insurance, 4.5%
for no insurance, and 6.2% for other in-
surance (P� .001). The rates were 6.9%
for black individuals, 6.5% for Latino
individuals, 6.5% for white individu-
als, and 6.2% for patients with other
race/ethnicity (P � .001). Readmis-

sion rates were higher for patients with
a longer LOS; rates were 4.6% for pa-
tients with a LOS 1 to 2 days, 6.2% for
LOS 3 to 4 days, 7.8% for LOS 5 to 6
days, and 11.2% for LOS 7 days or lon-
ger (P� .001). Insurance type, race/
ethnicity, and LOS remained signifi-
cantly associated with the likelihood of
readmission in multivariable analysis.

Variation in All-Condition
Admissions

Unadjusted readmission rates varied
significantly across hospitals (P� .001),
and this variation persisted after ad-
justing for age, CCI group, and CCI
count (P� .001). Significant variation
was observed when measuring all-
cause readmissions and when measur-
ing readmissions for the same diagno-
sis as the index admissions (P� .001 for
each). To illustrate the magnitude of
variation in all-cause readmissions
across hospitals, we described the rates
for hospitals 1 SD above vs below the
mean: adjusted rates were 28.6%
greater in hospitals above vs below
(7.2% [95% CI, 7.1%-7.2%] vs 5.6%
[95% CI, 5.6%-5.6%], respectively). The
corresponding rate was 65.4% greater
for hospitals 2 SD above vs below the
mean (8.1% [95% CI, 8.1%-8.1%] vs
4.9% [95% CI, 4.9%-4.9%], respec-
tively) (FIGURE 1). Moreover, a multi-
variable model that additionally ad-
justed for patients’ insurance type, race/
ethnicity, and LOS did not significantly
change the amount of variance in re-
admission rates across hospitals
(P=.25).

Most Prevalent Readmissions

FIGURE 2 lists the 10 admission diag-
noses with the highest readmission
prevalence. Collectively, these admis-
sion diagnoses account for 27.7%
(n=10 162) of all readmissions. The
highest rates for condition-specific un-
adjusted 30-day readmissions were for
admissions for anemia or neutropenia
(22.5%; n=1092), ventricular shunt
procedures (18.1%, n=675), and sickle
cell anemia crisis (16.9%, n=1019). The
remaining 7 admission diagnoses had
readmission rates between 2.6% and

Figure 1. Adjusted 30-Day Readmission Rate Variation Across 72 Children’s Hospitals for
All-Condition Admissions
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6.9% and included appendectomy, gas-
troenteritis, seizure, and 4 respiratory
conditions: asthma, bronchiolitis, pneu-
monia, and upper respiratory tract in-
fection (eg, croup).

Variation in Readmissions
by Admission Diagnosis

Unadjusted readmission rates varied
significantly across hospitals for 8 of
10 diagnoses (P� .001 for each) with
the highest number of readmissions
(upper respiratory infection [P=.07]
and ventricular shunt procedures
[P = .48] were the exceptions). For
these 8 diagnoses, the adjusted read-
mission rates were 17.0% to 66.0%
greater for hospitals with readmis-
sion rates that were 1 SD above vs
below the mean (Figure 2). The cor-
responding adjusted rates were
36.8% to 174.8% greater for hospitals
2 SD above vs below the mean. The
differences in adjusted rates across
hospitals varied by diagnosis. For
example, 3.6% (95% CI, 3.5%-3.6%)
vs 1.8% (95% CI, 1.8%-1.8%) were
the adjusted readmission rates for
asthma between hospitals 2 SD above
vs below the mean, respectively. The
corresponding rates for sickle cell
were 24.9% (95% CI, 24.8%-25.1%)
vs 9.9% (95% CI, 9.8%-10.0%).

Readmissions Diagnoses

For all-condition admissions, 48.3% of
readmissions were for a diagnosis in-
volving the same organ system or a re-
lated etiology as the index admission.
For each condition-specific admis-
sion, 27.3% to 86.2% of readmissions
were for a diagnosis involving the same
organ system or a related etiology as the
index admission (TABLE 3).

For 9 of 10 index admission diagno-
ses, the most common readmission di-
agnosis was the same as the index di-
agnosis. Sickle cell had the highest
percentage of readmissions (79.4%,
n=809) that were for the same diagno-
sis as the index admission. Appendec-
tomy was an exception to this pattern;
its most common readmission diagno-
sis was postoperative infection (29.7%,
n=213).

COMMENT
In a national sample of children’s hos-
pitals, 6.5% of hospitalized children
experienced a readmission within 30
days that was likely to have been
unplanned. The 10 condition-specific
diagnoses with the highest number
(ie, prevalence) of readmissions had
readmission rates that ranged from
3% to 23%. There were statistically
significant variations in readmission
rates across hospitals, both for all-
condition and most condition-specific
admissions. These hospital variations
persisted when case mix–adjusted for
patients’ age and type and number of
CCIs.

Further investigation is necessary to
understand the reasons for variation in
readmission rates across children’s
hospitals. As found in Medicare read-
mission studies, the variation may
indicate differences in care during the
index hospitalization (eg, quality of
the discharge instructions28); differ-
ences in postdischarge care (eg, access
to primary care for a follow-up visit5);
or differences in community factors
(eg, availability of paid leave for par-
ents to care for recuperating chil-
dren29). The variation could also be

due to area differences in the tendency
to hospitalize children or in the avail-
ability of hospital beds.30,31 In addition,
although we accounted for age and
chronic conditions, the variation may
have been influenced by patient-
specific factors, such as an unpredict-
able disease course (eg, disease pro-
gression near the end of life).32

The threshold at which readmis-
sion rate variation across hospitals be-
comes clinically meaningful has not
been determined.33 In this study, the dif-
ference in readmission rates across hos-
pitals was relatively small for some of
the conditions. Greater readmission rate
variation across hospitals was some-
times observed for diseases with higher
readmission rates (eg, sickle cell cri-
sis). Higher readmission rates may have
occurred because these diseases are, in
general, more complex or more diffi-
cult to treat.11 Nonetheless, some hos-
pitals and their local health systems had
relatively low readmission rates for
these diseases, suggesting that the natu-
ral course of the diseases might not be
the only cause of higher readmission
rates. Additional studies are needed to
understand how lower readmission
rates can be achieved.

Figure 2. Adjusted 30-Day Readmission Rate Variation Across 72 Children’s Hospitals for
Condition-Specific Admissions

30-Day Adjusted Readmission Rate, %

No. of Index
Admissions

No. of
Readmissions 
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Solid line through the middle of each box indicates the mean rate; dotted lines, �1 SD of the mean; box bound-
aries, �2 SD of the mean; error bars, minimum and maximum rates.
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The opportunity to reduce pediat-
ric readmissions depends on whether
they are preventable. The administra-
tive data used in the present study do
not enable a conclusive determination
of readmission preventability. How-
ever, we sought to exclude readmis-
sions for planned procedures from our
analyses, and the assessment of varia-
tion in readmission rates involved a
comparison of observed vs expected
rates for each hospital. Moreover, prior
studies report that a considerable pro-
portion of readmissions for many of the
diagnoses in our study is preventable.
For example, 4 of the 10 most preva-
lent readmission conditions were for the
ambulatory care sensitive conditions
(ACSCs) of asthma, gastroenteritis,
pneumonia, and seizure.34-36 It is be-
lieved that hospitalizations for ACSCs
can be prevented with high-quality out-
patient care.34-36 Some readmissions may
have been prevented with improved in-
patient care. For instance, in a single-
center study, nearly one-fourth of re-
admissions following admission for

seizure were due to medication ad-
verse events found to have occurred
during the index admission.37 Nearly all
of the readmissions in studies of ap-
pendectomy and ventricular shunt op-
erations were due to postoperative com-
plications.38-40 In studies of individual
hospitals, readmission rates for asthma,
bronchiolitis, and sickle cell disease
have been reduced with improved dis-
charge planning and follow-up care.41-43

Eliminating disparities in pediatric
care may also help reduce pediatric re-
admissions. As in prior studies,9,11,44-47

readmission rates were higher for black
and Latino children and for children
with public insurance. Children with
these attributes are less likely to have
a usual source of outpatient care48 or a
medical home that could help main-
tain their health after hospital dis-
charge.49 Adults with public insur-
ance are less likely to visit their doctor
within 30 days of a hospitalization,50

and they are more likely to use the
emergency department for nonemer-
gent care.51 Further investigation is

needed to determine whether these pat-
terns of health services utilization are
associated with increased readmission
risk in children.

This study has several limitations.
The data set did not include informa-
tion on readmissions to a different
hospital, which likely led to an
undercounting of readmissions. One
adult study reports that nearly 20%
of heart failure readmissions are to a
different hospital.52 Patients at chil-
dren’s hospitals might not experience
as many readmissions to a different
hospital as adult patients, who often
use multiple hospitals for their inpa-
tient care.53 Children, especially
those with higher medical complex-
ity, may be more likely to have their
inpatient care needs met within a
single institution.

Furthermore, although our cohort
included nearly one-fifth of all hospi-
talized children in the United States, it
did not include hospitalizations at
nonchildren’s hospitals, which in gen-
eral might have a smaller volume of

Table 3. Reasons for Readmission After Condition-Specific Index Admissions

Index
Admission
Diagnosis

Readmissions,
No.

Reasons for Readmission, No. (%) Readmission
MDC Same

as Index
AdmissionaMost Common Second Most Common Third Most Common

All
Others

Seizure 1548 Seizure 996 (64.3) Upper respiratory
tract infection

39 (2.5) Other disorders of
the nervous
system

29 (1.9) 484 (31.3) 1107 (71.5)

Bronchiolitis 1316 Bronchiolitis 599 (45.5) Pneumonia 117 (8.9) Asthma 106 (8.1) 494 (37.5) 974 (74.0)

Pneumonia 1188 Pneumonia 379 (31.9) Asthma 100 (8.4) Bronchiolitis 82 (6.9) 627 (52.8) 788 (66.3)

Anemia or
neutropenia

1092 Anemia/
neutropenia

582 (53.3) Acute leukemia 41 (3.8) Other anemia 31 (2.8) 436 (40.1) 639 (58.5)

Sickle cell crisis 1019 Sickle cell anemia
crisis

809 (79.4) Other anemia
and blood
disorders

68 (6.7) Pneumonia 27 (2.7) 115 (11.3) 878 (86.2)

Upper respiratory
tract infection

922 Upper respiratory
tract infection

190 (20.6) Pneumonia 61 (6.6) Bronchiolitis 45 (4.9) 626 (67.9) 252 (27.3)

Asthma 905 Asthma 556 (61.4) Pneumonia 107 (11.8) Bronchiolitis 41 (4.5) 201 (22.2) 752 (83.1)

Gastroenteritis 779 Gastroenteritis 181 (23.2) Other digestive
system
diagnoses

46 (5.9) Hypovolemia and
related
electrolyte
disorders

36 (4.6) 516 (66.2) 350 (44.9)

Appendectomy 718 Postoperative,
posttraumatic,
and other
device
infections

213 (29.7) Major
gastrointestinal
and peritoneal
infections

135 (18.8) Abdominal pain 56 (7.8) 314 (43.7) 359 (50.0)

Ventricular shunt
procedures

675 Ventricular shunt
procedures

262 (38.8) Craniotomy 89 (13.2) Other disorders of
nervous
system

38 (5.6) 286 (42.4) 489 (72.4)

Abbreviation: MDC, Major Diagnostic Category.
aEach of the 25 MDCs includes those All-Patient Refined Diagnosis-Related Groups (APR-DRGs) that involve the same organ system or a related etiology.
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patients and provide inpatient care for
children with less severe illnesses. We
relied on administrative data to define
the study cohort, identify race/
ethnicity, identify hospitalizations and
readmissions for specific diseases, and
exclude planned readmissions; limita-
tions in the ability of administrative
data to provide complete clinical
information as well as errors and
variation in coding practices across
institutions could affect our results.54

The data set did not contain informa-
tion on outpatient health services,
which may be associated with the
likelihood of readmission.5

Despite these limitations, we found
substantial readmission rate variation
across children’s hospitals that re-
mained after controlling for patient age
and chronic conditions. If hospitals with
the highest readmission rates in this
study were able to achieve the rates of
the best performing hospitals, then the
overall count of readmissions would be
much smaller. It is possible that the dis-
tribution of pediatric readmission rates
in this study could help hospitals in-
terpret their own performance, iden-
tify target conditions for quality im-
provement, and determine whether an
examination of the causes of their re-
admissions would be useful.

CONCLUSIONS
Our study provides a broad look at
variation in pediatric readmission rates
across a large number of children’s hos-
pitals in the United States. Among pa-
tients admitted to acute care pediatric
hospitals, the rate of unplanned read-
missions at 30 days was 6.5%, and there
was significant variability in readmis-
sion rates across conditions and hos-
pitals.
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