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SICKLE CELL DISEASE IS CHARAC-
terized by vasoocclusive com-
plications, most commonly epi-
sodic periods of severe pain,

leading to high use of health care re-
sources.1-3 Although previous studies
have described the magnitude of this
health care utilization, they have gen-
erally been restricted to select popula-
tions of patients with sickle cell dis-
ease and therefore have limited
generalizability and an inability to pro-
vide population-based estimates.1-4

Rehospitalization within 30 days has
emerged as a clinical indicator of the
quality of care for a variety of dis-
eases.5-9 Thirty-day rehospitalization
rate was recently adopted as a quality
indicator for sickle cell care.10-12 How-
ever, the measure has not been vali-
dated, and there is skepticism about 30
days being the appropriate length of
time over which to evaluate rehospi-
talizations for quality of sickle cell
care.12,13 With only small single-payer
or single-institution studies, there is a
lack of benchmark information con-
cerning rehospitalization rates for the
sickle cell population.10,14

The goals of this study are (1) to pro-
vide a comprehensive, generalizable es-
timate of the acute care utilization pat-
tern for patients with sickle cell disease
and (2) to estimate rates of rehospital-
ization and rates of treat-and-release
emergency department (ED) visits fol-
lowing hospitalization that reflect a

large percentage of patients with sickle
cell disease across the United States.
This information will facilitate the de-
velopment of quality measures and pro-
vide population-based benchmarks for
utilization and rehospitalization.

METHODS
Databases and Study Population

Encounter data were abstracted from
the 2005 and 2006 Healthcare Cost and
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Context Published rates of health care utilization and rehospitalization by people with
sickle cell disease have had limited generalizability and are not population based.

Objective To provide benchmark data for rates of acute care utilization and rehos-
pitalizations for patients with sickle cell disease.

Design Retrospective cohort of sickle cell disease–related emergency department (ED)
visits and hospitalizations from select states in the 2005 and 2006 Healthcare Cost
and Utilization Project (HCUP) State Inpatient Databases and State Emergency De-
partment Databases.

Setting Eight geographically dispersed states (Arizona, California, Florida, Massa-
chusetts, Missouri, New York, South Carolina, and Tennessee) that provide encrypted
identifiers and have sufficient numbers of patients with sickle cell disease; together
these states have 33% of the US population with sickle cell disease.

Patients A total of 21 112 patients with sickle cell–related treat-and-release ED vis-
its or inpatient hospitalizations.

Main Outcome Measures Rates of acute care utilization and rehospitalizations.
Population-based utilization rates were also calculated.

Results The 21 112 people with sickle cell disease had 109 344 encounters, a mean
of 2.59 (95% confidence interval [CI], 2.53-2.65) encounters per patient per year,
1.52 (95% CI, 1.48-1.55) encounters for hospitalizations and 1.08 (95% CI, 1.04-
1.11) for treat-and-release ED visits. Utilization was highest for 18- to 30-year-olds,
3.61 (95% CI, 3.47-3.75) encounters per patient per year, and those with public in-
surance, 3.22 (95% CI, 3.13-3.31) encounters per patient per year. Publicly insured
18- to 30-year-olds had 4.80 (95% CI, 4.58-5.02) encounters per patient per year.
Approximately 29% of the population had no encounters while 16.9% had 3 or more
encounters per year. The 30-day and 14-day rehospitalization rates were 33.4% (95%
CI, 33.0%-33.8%) and 22.1% (95% CI, 21.8%-22.4%), respectively. The rehospi-
talization rate was highest for 18- to 30-year-olds, with 41.1% (95% CI, 40.5%-
41.7%) rehospitalized within 30 days and 28.4% (95% CI, 27.8%-29.0%) within 14
days. Rehospitalizations were also highest for publicly insured patients.

Conclusion Among patients with sickle cell disease, acute care encounters and re-
hospitalizations were frequent, particularly for 18- to 30-year-olds.
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Utilization Project (HCUP) State Inpa-
tient Databases (SID) and State Emer-
gency Department Databases (SEDD)
maintained by the Agency for Health-
care Research and Quality.15-17 The SID
include all inpatient discharges from
short-term, acute-care, nonfederal, gen-
eral, and other specialty hospitals in par-
ticipating states, including those dis-
charges admitted from the ED. The
SEDD include all treat-and-release and
transfer ED visits (ie, did not result in
inpatient hospitalization in the same
hospital) from short-term, acute-care,
nonfederal, community hospitals in par-
ticipating states. The discharge and visit
records from these databases contain in-
formation collected as part of billing
records, including patient demograph-
ics, International Classification of Dis-
eases, Ninth Revision, Clinical Modifi-
cation (ICD-9-CM) diagnoses, expected
payer, admission and discharge dates,
and disposition.

Data were used from the 8 geographi-
cally dispersed states (Arizona, Cali-
fornia, Florida, Massachusetts, Mis-
souri, New York, South Carolina, and
Tennessee) that had a sufficient num-
ber of people with sickle cell disease
(defined as �10 patients in the major-
ity of age and insurance categories) and
provided encrypted identifiers. All
health care encounter records (for in-
patient stays and ED visits) for pa-
tients aged 1 year and older with a prin-
cipal or secondary ICD-9-CM diagnosis
of sickle cell disease (282.41, 282.42,
282.60-282.64, 282.68, or 282.69) were
extracted (n = 151 074). Children
younger than 1 year were excluded be-
cause of an inability to reliably link rec-
ords. Records were linked using an en-
crypted patient-level identifier, age, and
sex to create patient-level encounters,
and all additional records (n=23 333)
for those patients were extracted re-
gardless of diagnosis. Hospital stays and
ED visits were then classified as sickle
cell related as defined by 9 Clinical
Classification Software codes and 91
ICD-9-CM codes.18 Any non–sickle cell–
related encounter was removed from
further analysis (see eAppendix, avail-
able at http://www.jama.com, for de-

tailed description of population and uti-
lization algorithm).

Visits to the ED that resulted in trans-
fer to another institution were linked
to the hospital record from that insti-
tution and recorded as hospitaliza-
tions. Therefore, all analyses report-
ing ED visits are treat-and-release ED
visits only. In the 8 states, 23 171 pa-
tients with sickle cell disease were iden-
tified. Patients who died at any encoun-
ter (n=463) were excluded from all
analyses to eliminate higher potential
utilization rates near death. Out-of-
state residents (n = 1032) were ex-
cluded to provide population-based uti-
lization rates.

Measures

Primary Outcomes. The primary out-
comes were rates of (1) acute care uti-
lization (hospital stays and treat-and-
release ED visits) and (2) acute care
utilization following a hospital dis-
charge, with rehospitalization rates as
the main outcome of interest.

Acute care utilization rates, defined
as the number of encounters (hospital
stays and treat-and-release ED visits)
over the 2-year study period (January
2005 to December 2006) divided by 2,
were calculated at the patient level. The
rate, based on those with encounters,
was analyzed by age group and ex-
pected payer. Population-based acute
care utilization rates were calculated
based on population estimates drawn
from previously published work.19 The
population estimates for each state were
derived by applying the mortality-
adjusted prevalence rates of sickle cell
disease to the census estimates of each
state’s population. The published esti-
mates for the 8 states were summed to
yield the denominator for the study
population. In addition to presenting
rates as continuous variables, and simi-
lar to previously published group-
ings,1 acute care utilization rates were
also divided into groups based on num-
ber of encounters per year: 0, more than
0 but less than 1, 1 or more but less than
3, 3 to 10, and more than 10.

Rates of return for acute care in-
clude rehospitalization and treat-and-

release ED visits following a hospital
discharge, analyzed at both the encoun-
ter level and the patient level. Time be-
tween hospitalizations or between hos-
pitalization and treat-and-release ED
visit was calculated by subtracting the
admission date of the subsequent en-
counter from the discharge date of the
previous/index hospital stay. Encounter-
level analyses were conducted for 30-
day rehospitalizations, ED visits fol-
lowing hospitalization, and return to
any site of care (ED or inpatient). A hos-
pitalization could be followed by both
a treat-and-release ED visit and a sepa-
rate rehospitalization; thus, the rates of
return for any acute care are not the
sums of the ED and rehospitalization
percentages. Because the appropriate
timing at which to evaluate rehospital-
ization as a quality measure for sickle
cell disease is controversial,12,13 14-
day return rates were also derived.

Patient-level rehospitalization analy-
ses were performed to determine the
percentage of patients who were ever
rehospitalized within 14 or 30 days. Al-
though included for the acute care uti-
lization analyses, the 2872 hospital dis-
charges in December 2006 were
excluded from rehospitalization analy-
ses because complete 30-day fol-
low-up information was not available.

Age, Expected Payer, and Length of
Stay. The age of the patient was the age
at the first encounter. Similar to previ-
ously published subgroups,20 the fol-
lowing age groups were examined: 1 to
9 years, 10 to 17 years, 18 to 30 years,
31 to 45 years, 46 to 64 years, and 65
years and older.

Primary expected payer was avail-
able on each encounter record (eAp-
pendix). We collapsed primary ex-
pected payer into 4 categories: public
insurance (Medicaid or Medicare), pri-
vate insurance, other or unknown in-
surance, and uninsured (self-pay or no
charge). Encounter-level utilization
rates were calculated based on the pri-
mary expected payer for each encoun-
ter. Rates of return for acute care were
calculated based on the primary ex-
pected payer for the index hospitaliza-
tion. For the patient-level analyses, ex-
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pected payer was determined by the
primary expected payer at the major-
ity of encounters.

Length of stay for hospitalizations
was determined by subtracting the dis-
charge date from the admission date.
For hospitalizations that began in the
ED, ED time was not included.

Analytic Plan. Rates of acute care uti-
lization are the number of encounters
per patient per year and are stratified
by age and payer. Population-based
acute care utilization rates are based on

sickle cell population estimates for the
8 states. Rates of return for acute care
are presented for both 30 and 14 days.
All hospitalizations and ED visits from
these states are present in the data-
bases; rates are presented for bench-
marking purposes beyond the 8 states
and include 95% confidence intervals
(CIs). Confidence intervals could not
be calculated for population-based
analyses since those without utiliza-
tion were estimated from another pub-
lication19; therefore, the numerator and
denominator used to derive popula-
tion rates have different standard er-
rors. Rates are also presented for the
subset of hemoglobin SS (Hb SS) pa-
tients, identified by having an Hb SS
ICD-9-CM code (282.61, 282.62) and
no code for another genotype. To evalu-
ate the association between length of
stay and rehospitalization, we com-
pared the lengths of stay for hospital-
izations resulting in a subsequent re-
hospitalization with hospitalizations not
resulting in rehospitalization. The study
and a waiver of patient consent were ap-
proved by the Medical College of Wis-
consin institutional review board.
Analyses were conducted using Base
and /STAT software of SAS for Win-
dows (version 9.2, SAS Institute Inc,
Cary, North Carolina).

RESULTS
Acute Care Utilization

The final population of patients with
sickle cell disease with utilization in-
cluded 21 112 patients. The 21 112 pa-
tients were well distributed across all

but the oldest age group, and the ma-
jority (59.6%) were publicly insured
(TABLE 1). Slightly more than 75% of
the patients had Hb SS disease, and 80%
of the patients with hospitalizations
were Hb SS. Acute care utilization to-
taled 63 873 hospitalizations and 45 471
treat-and-release ED visits. Less than
0.5% of ED visits were longer than 1
day. The most common principal di-
agnoses for hospitalizations were sickle
cell disease with crisis (76.9%) and
pneumonia (3.9%); all other diag-
noses were less than 2% of hospitaliza-
tions. For ED visits, the most com-
mon principal diagnoses were sickle cell
disease with crisis (64.2%), sickle cell
disease without crisis (3.8%), fever
(3.1%), pain in limb (3.1%), abdomi-
nal pain (2.3%), and chest pain (2.2%);
all other diagnoses were less than 2%
of ED visits.

Acute Care Utilization Rates

The 109 344 acute care encounters by
21 112 patients yielded an acute care
utilization rate of 2.59 (95% CI, 2.53-
2.65) encounters per patient per year,
1.52 (95% CI, 1.48-1.55) encounters
for hospitalizations and 1.08 (95% CI,
1.04-1.11) for treat-and-release ED
visits. For patients with Hb SS, the
acute care utilization rate was 2.67
(95% CI, 2.60-2.74) encounters per
patient per year. The acute care utili-
zation rate for all patients with sickle
cell disease, stratified by age, is shown
in TABLE 2. The 1- to 9-year-old chil-
dren had 1.50 (95% CI, 1.45-1.55)
encounters per patient per year, of

Table 1. Characteristics of Patients With
Sickle Cell Disease With Health Care
Encountersa

No. (%)

Patients, total No. 21 112

Age, y
1-9 4251 (20.1)

10-17 3605 (17.1)

18-30 6377 (30.2)

31-45 4540 (21.5)

46-64 2040 (9.7)

�65 299 (1.4)

Primary expected payer
Public 12 591 (59.6)

Private 5301 (25.1)

Uninsured 2392 (11.3)

Other/unknown 828 (3.9)

Patients with a hospitalization 16 271 (77.1)

Patients with an ED visit 19 855 (94.0)

Acute care encounters,
total No.

109 344

Hospitalizations, total No. 63 873

ED visits, total No. 97 578

ED visits resulting in
hospitalization

52 107 (53.4)

Treat-and-release ED visits 45 471 (46.6)
Abbreviation: ED, emergency department.
aBased on data for 8 states from the Healthcare Cost and

Utilization Project, 2005-2006.

Table 2. Rates of Acute Care Encounters by Age for Patients With Sickle Cell Disease

All Patients Patients With Hb SS

Patients,
No.

Encounters per Patient per Year, No. (95% CI)
Patients,

No.

Encounters per Patient per Year, No. (95% CI)

ED Visits IP Stays Total ED Visits IP Stays Total

Age, y
1-9 4251 0.59 (0.56-0.62) 0.91 (0.87-0.95) 1.50 (1.45-1.55) 3060 0.63 (0.60-0.66) 0.97 (0.94-2.02) 1.60 (1.55-1.65)

10-17 3605 0.68 (0.63-0.73) 1.37 (1.30-1.44) 2.04 (1.95-2.13) 2775 0.70 (0.65-0.75) 1.37 (1.30-1.44) 2.08 (1.98-2.18)

18-30 6377 1.59 (1.50-1.68) 2.02 (1.94-2.10) 3.61 (3.47-3.75) 5142 1.54 (1.45-1.63) 1.98 (1.90-2.07) 3.53 (3.38-3.67)

31-45 4540 1.29 (1.20-1.38) 1.65 (1.55-1.75) 2.95 (2.80-3.10) 3479 1.31 (1.20-1.41) 1.71 (1.62-1.81) 3.02 (2.86-6.36)

46-64 2040 0.86 (0.75-0.97) 1.23 (1.14-1.32) 2.09 (1.93-2.25) 1360 0.93 (0.79-1.08) 1.38 (1.27-1.48) 2.31 (2.11-2.52)

�65 299 0.33 (0.13-0.53) 0.72 (0.64-0.80) 1.05 (0.83-1.27) 130 0.27 (0.17-0.38) 0.78 (0.65-0.91) 1.05 (0.87-1.24)

Total 21 112 1.08 (1.04-1.11) 1.52 (1.48-1.55) 2.59 (2.53-2.65) 15 946 1.11 (1.07-1.15) 1.56 (1.53-1.60) 2.67 (2.60-2.74)
Abbreviations: CI, confidence interval; ED, emergency department; Hb SS, hemoglobin SS; IP, inpatient.

HEALTH CARE UTILIZATION BY PATIENTS WITH SICKLE CELL DISEASE

1290 JAMA, April 7, 2010—Vol 303, No. 13 (Reprinted) ©2010 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



which approximately 60% were inpa-
tient hospitalizations. The rate of
acute care utilization was highest,
3.61 (95% CI, 3.47-3.75) encounters
per patient per year, for 18- to
30-year-olds, before decreasing
throughout middle and older age.
Between 55% and 69% of encounters
for each age group were inpatient
hospitalizations.

TABLE 3 shows the acute care utili-
zation rate stratified by age and payer.
Patients with public insurance had more
encounters than those with private in-
surance, 3.22 (95% CI, 3.13-3.31) en-
counters per year vs 1.76 (95% CI, 1.68-
1.84) encounters per year. The patients
with no insurance had 1.42 (95% CI,
1.33-1.51) encounters per year. More
than half of acute care encounters for
publicly insured and privately insured
patients were hospitalizations while
only 44% of encounters by uninsured
patients were hospitalizations. The dis-
crepancy in rates between those with
public insurance and private insur-
ance was most notable in adults, with
publicly insured adults experiencing
twice as many acute care encounters.
The highest acute care utilization rate
was 4.80 (95% CI, 4.58-5.02) encoun-
ters per patient per year for publicly in-
sured 18- to 30-year-olds.

Population-Based Acute Care
Utilization Rates

Statewide estimates yielded an 8-state
sickle cell population of 30 385.19

Given 21 112 patients had acute care
encounters, and 463 died, an esti-
mated 8810 (29.4%) of patients had
no sickle cell–related hospitalizations
or ED visits. TABLE 4 shows the
population-based grouped acute care
utilization rates stratified by age. Per
year, 25.2% of people had more than
0 and less than 1 encounter and
13.7% had 3 to 10 encounters.
Approximately 34% of children had
no encounters compared with 12.0%
of 18- to 30-year-olds. The percentage
of patients with 3 or more encounters
per year was highest in 18- to 30-year-
olds. Including those with no encoun-
ters, the overall acute care utilization
rate was 1.82 encounters per patient
per year. Stratification by age revealed
the following rates of encounters per
patient per year: 1- to 9-year-olds,

0.99; 10- to 17-year-olds, 1.31; 18- to
30-year-olds, 3.18; 31- to 45-year-
olds, 2.12; 46- to 64-year-olds, 1.08;
and those 65 years and older, 0.77.

Rates of Return: Rehospitalizations
and ED Visits

The 30-day rehospitalization rate was
33.4% (95% CI, 33.0%-33.8%); the 14-
day rehospitalization rate was 22.1%
(95% CI, 21.8%-22.4%). For patients
with Hb SS, these rates were 31.7%
(95% CI, 31.3%-32.1%) and 20.6%
(95% CI, 20.2%-21.0%), respectively.
Approximately 80% of all rehospital-
izations were to the same hospital; this
differed by age, with 94% of children
rehospitalized at the same facility com-
pared with 77% of adults.

In addition to rehospitalizations,
15.0% (95% CI, 14.7%-15.3%) of hos-

Table 3. Rates of Acute Care Encounters by Age and Type of Primary Expected Payer

Encounters per Patient per Year, No. (95% CI)a

Public Payer
(n = 12 591)

Private Payer
(n = 5301)

Uninsured
Payer

(n = 2392)

Other/
Unknown
(n = 828)

Total
(n = 21 112)

Age, y
1-9 (n = 4251) 1.60 (1.54-1.66) 1.39 (1.31-1.47) 1.10 (0.98-1.22) 1.32 (1.16-1.48) 1.50 (1.45-1.55)

10-17 (n = 3605) 2.28 (2.15-2.41) 1.70 (1.56-1.84) 1.17 (1.02-1.32) 1.96 (1.57-2.35) 2.04 (1.95-2.13)

18-30 (n = 6377) 4.80 (4.58-5.02) 2.25 (2.06-2.44) 1.56 (1.41-1.71) 2.40 (1.83-2.97) 3.61 (3.47-3.75)

31-45 (n = 4540) 3.90 (3.67-4.13) 1.90 (1.70-2.10) 1.34 (1.15-1.53) 1.47 (1.14-1.80) 2.95 (2.80-3.10)

46-64 (n = 2040) 2.64 (2.38-2.90) 1.27 (1.14-1.40) 1.50 (1.09-1.91) 1.48 (0.93-2.03) 2.09 (1.93-2.25)

�65 (n = 299) 1.07 (0.83-1.31) 0.84 (0.47-1.21) 0.50 (NA)b 0.50 (NA)b 1.05 (0.83-1.27)

Total (N = 21 112) 3.22 (3.13-3.31) 1.76 (1.68-1.84) 1.42 (1.33-1.51) 1.80 (1.60-2.00) 2.59 (2.53-2.65)
Abbreviations: CI, confidence interval; NA, not available.
aNumbers are means of sum of treat-and-release emergency department visits and inpatient hospital stays.
bBecause of small sample sizes, these CIs could not be reliably calculated.

Table 4. Distribution of Acute Care Encounters per Patient per Year Among People With
Sickle Cell Disease by Age and Number of Encounters per Yeara

Patients, No. (%)

0
Encounters

�0 and �1
Encounter

�1 and �3
Encounters

3-10
Encounters

�10
Encounters

Age, y
1-9 (n = 6424) 2173 (33.8) 1581 (24.6) 2110 (32.8) 552 (8.6) �10 (�0.2)b

10-17 (n = 5572) 1967 (35.3) 1230 (22.1) 1609 (28.9) 702 (12.6) 64 (1.1)

18-30 (n = 7250) 873 (12.0) 1953 (26.9) 2300 (31.7) 1594 (22.0) 530 (7.4)

31-45 (n = 6321) 1781 (28.2) 1698 (26.9) 1634 (25.9) 918 (14.5) 290 (4.5)

46-64 (n = 3951) 1911 (48.4) 888 (22.5) 777 (19.7) 322 (8.1) 53 (1.3)

�65 (n = 404) 105 (26.0) 197 (48.8) 87 (21.5) 13 (3.2) �10 (�2.5)b

Total (n = 29 922) 8810 (29.4) 7547 (25.2) 8517 (28.5) 4101 (13.7) 947 (3.2)
aPopulation-based estimates were achieved by combining utilization numbers from the State Inpatient Databases and State

Emergency Department Databases with previously published sickle cell population estimates for the same 8 states.19

Encounters are sums of treat-and-release emergency department visits and inpatient hospital stays.
bNumbers are too small to report.
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pital discharges were followed by a
treat-and-release ED visit within 30
days; overall, 39.6% (95% CI, 39.2%-
40.0%) of hospital discharges resulted
in a 30-day return for acute care. The
14-day rate of return for any acute care
was 25.3% (95% CI, 24.9%-25.7%). Of
the 61 070 hospitalizations eligible for
return for acute care analysis, 53 258
(87.2%) had a diagnosis of sickle cell
with crisis. For the subset with crisis,
rehospitalization rates and return for
acute care rates were similar to those
for all discharges.

TABLE 5 shows both the 30- and
14-day rates of return for acute care.
Hospitalizations for children aged 1 to
9 years were followed by a 4.1% (95%
CI, 3.6%-4.6%) rate of return for a
treat-and-release ED visit and a 12.8%
(95% CI, 12.0%-13.6%) 30-day rehos-
pitalization rate, with 16.1% (95% CI,
15.2%-17.0%) of hospital discharges
followed by a return for any acute
care within 30 days. The 30-day
rehospitalization rate was highest,
41.1% (95% CI, 40.5%-41.7%), for
18- to 30-year-olds, for whom almost
half of all hospitalizations resulted in
a return for sickle cell–related acute
care within 30 days. Thirty-day
returns for acute care by expected
payer revealed that hospitalizations of
publicly insured patients had a 37.0%

(95% CI, 36.6%-37.4%) 30-day rehos-
pitalization rate, and 43.7% (95% CI,
43.2%-44.2%) of hospitalizations
resulted in a return for any acute care
within 30 days. The rates of return for
acute care were substantially higher
for publicly insured patients than pri-
vately insured, other insured, and
uninsured patients.

The highest 14-day rehospitaliza-
tion rate was 28.4% (95% CI, 27.8%-
29.0%) for 18- to 30-year-olds. The 14-
day return for acute care rates by
expected payer showed publicly in-
sured patients had the highest 14-day
rehospitalization rate at 24.6% (95% CI,
24.2%-25.0%). Hospitalizations for pri-
vately insured patients had the lowest
return rates.

Rehospitalizations at the patient level,
showing the percentage of patients who
had ever been rehospitalized, revealed
similar patterns. Percentages of pa-
tients ever rehospitalized within 30 and
14 days were as follows: 1- to 9-year-
olds, 30 days, 22.3% (14 days, 14.3%);
10- to 17-year-olds, 30 days, 32.8% (14
days, 24.2%); 18- to 30-year-olds, 30
days, 45.4% (14 days, 37.1%); 31- to 45-
year-olds, 30 days, 37.4% (14 days,
29.5%); 46- to 64-year-olds, 30 days,
26.7% (14 days, 18.9%); and those aged
65 years and older, 30 days, 16.3% (14
days, 11.3%). Analysis by payer re-

vealed the following rates: publicly in-
sured, 30 days, 39.6% (14 days, 30.7%);
privately insured, 30 days, 26.9% (14
days, 19.7%); uninsured, 30 days,
22.9% (14 days, 17.7%); and other or
unknown, 30 days, 27.2% (14 days,
19.2%).

Hospitalizations that were followed
by a rehospitalization within 30 days
had an average length of stay of 6.1 days
(95% CI, 5.3-6.9), compared with 5.6
days (95% CI, 5.0-6.2) for those with-
out a subsequent rehospitalization. For
14-day rehospitalizations, the lengths
of stay were 6.1 days (95% CI, 5.1-
7.1) and 5.7 days (95% CI, 5.1-6.3), re-
spectively.

COMMENT
Our population-based study of 21 112
patients with utilization related to sickle
cell disease demonstrates high rates of
acute care utilization and rehospital-
ization. Our study shows 1 in 4 pa-
tients with sickle cell disease experi-
enced no acute care encounters and
almost 1 in 5 patients experienced 3 or
more encounters per year. This stands
in contrast to the original evaluation by
Platt et al1 of acute care visits by the
sickle cell population, which reported
that, over a 5-year period, approxi-
mately 38.5% of patients with sickle cell
disease did not seek acute care, and only

Table 5. Rates of Return for Acute Care by Age and Type of Primary Expected Payer

Returns (95% CI)

Within 30 Days Within 14 Days

Return to ED Rehospitalization
Return to Any

Acute Care Return to ED Rehospitalization
Return to Any

Acute Care

Age, ya

1-9 (n = 6895) 4.1 (3.6-4.6) 12.8 (12.0-13.6) 16.1 (15.2-17.0) 2.2 (1.9-2.5) 7.3 (6.7-7.9) 8.9 (8.0-9.8)

10-17 (n = 8825) 6.9 (6.4-7.4) 23.4 (22.5-24.3) 27.4 (26.5-28.3) 4.3 (3.9-4.7) 14.1 (13.4-14.8) 16.1 (15.2-17.0)

18-30 (n = 24 645) 20.3 (19.8-20.8) 41.1 (40.5-41.7) 48.9 (48.3-49.5) 14.6 (14.2-15.0) 28.4 (27.8-29.0) 32.4 (31.8-33.0)

31-45 (n = 15 118) 17.9 (17.3-18.5) 38.8 (38.0-39.6) 45.7 (44.9-46.5) 12.9 (12.4-13.4) 26.0 (25.3-26.7) 29.5 (28.7-30.3)

46-64 (n = 5160) 11.3 (10.4-12.2) 27.1 (25.9-28.3) 32.2 (30.9-33.5) 8.0 (7.3-8.7) 15.3 (14.3-16.3) 18.2 (16.9-19.5)

�65 (n = 427) 1.9 (0.3-3.2) 11.9 (8.8-15.0) 13.3 (10.1-16.5) 1.4 (0.3-2.5) 6.3 (4.0-8.6) 7.3 (4.1-10.5)

Insurancea

Public (n = 45 761) 16.9 (16.6-17.2) 37.0 (36.6-37.4) 43.7 (43.2-44.2) 12.1 (11.8-12.4) 24.6 (24.2-25.0) 28.1 (27.7-28.6)

Private (n = 10 406) 8.3 (7.8-8.8) 21.4 (20.6-22.2) 26.0 (25.2-26.8) 5.2 (4.8-5.6) 13.5 (12.8-14.2) 15.7 (14.9-16.5)

Uninsured (n = 2824) 13.0 (11.8-14.2) 24.4 (22.8-26.0) 30.3 (28.6-32.0) 9.5 (8.4-10.6) 18.2 (16.8-19.6) 21.5 (19.8-23.2)

Other/unknown
(n = 2079)

9.7 (8.4-11.0) 27.0 (25.1-28.9) 31.4 (29.4-33.4) 6.5 (5.4-7.6) 15.2 (13.7-16.7) 17.7 (15.7-19.7)

Abbreviations: CI, confidence interval; ED, emergency department.
aNumbers are numbers of hospitalizations within each age or payer group.
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5.2% had 3 to 10 visits per year. While
utilization definitions in the studies var-
ied slightly, the higher utilization in our
study may be explained by the inclu-
sion of many patients who do not ben-
efit from the type of comprehensive care
that was provided during the Coopera-
tive Study of Sickle Cell Disease.1 There-
fore, our findings likely provide a more
representative depiction of current
acute care utilization rates by patients
with sickle cell disease.

The 30-day and 14-day rehospital-
ization rates in our study, and the over-
all rates of return for acute care, are also
high. One in 3 patients with sickle cell
disease was rehospitalized within 30
days, higher than studies for other dis-
eases, including asthma (3.4%), pneu-
monia (12%), heart failure (16%), and
diabetes mellitus (20%).5-8,21 The large
number of eligible hospitalizations pro-
vides reliable benchmark rehospital-
ization rates. Previously reported sickle
cell–related 30-day rehospitalization
rates include a 50% rehospitalization
rate for adults and a 30% rehospital-
ization rate for children.10,14 Both of
these were single-center studies with
small numbers of patients, and both re-
ported higher rehospitalization rates
than our study. In addition, neither
study provided information on 14-
day rehospitalizations, which may be
a more appropriate time interval to as-
sess quality of care related to a hospi-
talization. In contrast, 30-day rehospi-
talization may be a more appropriate
time interval to assess the quality and
access to ambulatory care. It has been
proposed that outpatient follow-up
within 30 days may prevent rehospi-
talizations.6,10 However, our study
shows that two-thirds of patients re-
hospitalized within 30 days were re-
hospitalized within 14 days. Preven-
tion of rehospitalizations within 14 days
may require evaluation and interven-
tion during the hospitalization, while
prevention of rehospitalization at 30
days will require access to high-
quality, comprehensive outpatient care.
Of note, a shorter length of stay was not
evident with rehospitalization; lengths
of stay were similar whether a dis-

charge was followed by a rehospital-
ization or not.

To our knowledge, this is the larg-
est study to date that assesses acute care
utilization for people with sickle cell
disease. With data for more than 21 000
patients with sickle cell disease from
states with sickle cell populations to-
taling more than 30 000, the study pro-
vides data for more than one-third of
patients with sickle cell disease in the
United States. By conducting mul-
tistate, all-payer, all-ages analyses, we
provide comprehensive data regard-
ing health care utilization for others to
use when evaluating the care received
by their patients with sickle cell dis-
ease. Our evaluation of patients with Hb
SS revealed that 75% of patients in the
utilization database were Hb SS, sug-
gesting a higher level of utilization
across the entire population in this sub-
group, as their percentage of the sickle
cell population is substantially lower
than 75%.22,23

Our study included both ED visits
and hospitalizations. Failure to in-
clude the 47 319 ED visits that did not
result in hospitalization would dra-
matically underestimate the burden of
acute care utilization for patients with
sickle cell disease. Previous studies have
limited their evaluations to inpatient
data.2,20,24 In addition to not including
ED data, these studies lacked patient-
level analyses and were unable to fol-
low up patients over time to deter-
mine utilization patterns. Prior studies
reported increasing hospitalizations
with increasing age throughout child-
hood.2,20,24,25 Our study confirmed those
findings but also found large differ-
ences by age and payer for acute care
utilization, with patients aged 18 to 30
years and patients with public insur-
ance experiencing the highest utiliza-
tion rates. It is likely that the in-
creased acute care utilization rate in this
age population compared with older in-
dividuals reflects the fact that those with
severe disease die earlier, leaving fewer
people with severe disease as the popu-
lation ages.19

Evaluation by expected payer re-
vealed that the uninsured were more

similar to those with private insur-
ance than those with public insur-
ance. While the high rate of utiliza-
tion for those with public insurance is
concerning for a lack of access to other
(non-ED or inpatient) sources of care,
the lower utilization rate for the unin-
sured may be an indicator that pa-
tients are not seeking necessary care be-
cause of inability to pay. An uninsured
person, for example, may be more re-
luctant to seek care for the same level
of illness or severity of pain than an in-
sured individual.26-28 From these data,
we cannot assess care-seeking behav-
ior, quality of care, or alternate sources
of care.

Our study is limited by not being a
random sample of the national sickle
cell population; however, the data do
show all ED visits and hospitaliza-
tions for approximately 33% of the
people with sickle cell disease in the
United States. Additionally, at least 1
state from each geographic region of the
country is included, and the age and in-
surance distributions of the hospital-
izations closely mirror a national study
of hospitalizations for sickle cell dis-
ease.20 Second, we were only able to
measure acute care that occurred in the
ED or inpatient hospital setting. Visits
to physician offices or other ambula-
tory care sites are not included. Third,
the “other” insurance category is ill-
defined, including other government
payers, TRICARE, and workers’ com-
pensation. Fourth, there are inherent
limitations related to the use of admin-
istrative data, including the potential for
errors in recording diagnoses and sickle
cell genotype, and thus misclassifica-
tion of encounters and number of en-
counters. Although errors are pos-
sible, Healthcare Cost and Utilization
Project data are highly accurate,
rigorously tested, and widely used to
estimate diagnoses and visit fre-
quency.15,29-31 Analyses by genotype in
these databases have not been vali-
dated. Finally, we have not reported
rates of return care after treat-and-
release ED visits.

In conclusion, rates of acute care uti-
lization and rates of return for acute care
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are both high in the sickle cell popu-
lation. This is especially true for young
adults who may be particularly at risk
as their disease worsens and they tran-
sition from pediatric to adult care. By
providing comprehensive, generaliz-
able benchmarks and identifying high-
risk subpopulations, these data can be
used to inform efforts to improve qual-
ity of care and reduce morbidity in
sickle cell disease.
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