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Abstract

Objectives: Understanding patterns of hospital admissions and emergency department (ED) visits among people with sickle
cell disease is critical for improving care and access to care for this population. The objective of this study was to characterize
acute care use among people with sickle cell disease and identify patterns of use across age groups and sex using 2018 data.

Methods: We conducted a cross-sectional study using population-based data from 8 states participating in the Centers
for Disease Control and Prevention’s Sickle Cell Data Collection program. The sample population consisted of children,
adolescents, and adults with a confirmed or probable diagnosis of sickle cell disease, regardless of acute care use, in 2018. We
analyzed data on hospital admissions, ED treat-and-release (T/R) visits, and readmissions after ED T/R or inpatient discharge,
aggregated from each participating state.

Results: The 2018 cohort of the Sickle Cell Data Collection program consisted of 27 034 people; 40.2% had =1 hospital
admission, and 57.0% had =1 ED T/R visit. Of the 98 617 people using acute care, 93.6% (n=92 305) involved the ED in
some capacity.

Conclusions: Hospital admissions were frequent and occurred in less than half of the study population. More than half
used the ED, with most hospital admissions initiated in the ED. Our findings call for further research to better understand
differences in acute care use, high rates of ED T/R visits, and treatment of sickle cell disease in an outpatient setting.
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Sickle cell disease (SCD) is a genetically inherited blood dis-
order in which a single gene mutation leads to substantial
comorbidities, including vaso-occlusive pain episodes and
multisystem chronic organ damage. SCD is classified as an
orphan disease (a rare medical condition that affects a small
portion of the population), affecting approximately 100 000
people in the United States.! High-quality specialist outpa-
tient care is needed to appropriately manage this condition;
however, there is a shortage of hematologists and primary
care providers trained to treat SCD. The lack of access to

outpatient care, in conjunction with acute pain crises, causes
people to rely on acute care settings, including hospitals and
emergency departments (EDs), and frequent readmissions
after discharge.>’

The substantial morbidity associated with SCD leads to
high levels of health care use.? However, only a few studies
have combined data across states and analyzed the number of
hospital admissions, ED visits, and readmissions across pay-
ers. Use studies conducted more than 10 years ago used hos-
pital discharge data, which do not capture data on people
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who had no acute care visits.* Beginning in 2015, the Centers
for Disease Control and Prevention (CDC) developed the
Sickle Cell Data Collection (SCDC) program, providing
funding to states to establish a surveillance program by link-
ing data from multiple sources to create a comprehensive
picture of people living with SCD in the United States.> The
SCDC program aims to capture data on all people with SCD
in participating states, regardless of setting and payer type.
The SCDC program’s case definition of SCD also reduces
misclassification of people and minimizes the underreport-
ing or underidentification of the population with SCD. SCDC
program data are provided through robust linkages from
numerous data sources, resulting in a population-based
aggregation of people with SCD. Program data provide a
population-based overview of people with SCD in the United
States, allowing for an accurate representation of their pat-
terns of health care use. These changes and improved data
systems warrant an examination of acute care use among
people with SCD by age, sex, and health insurance type.

The objectives of this descriptive study were to (1) char-
acterize acute care use among all people residing in partici-
pating states with SCD and identify patterns of use across
age groups and sex, using data from 2018, and (2) describe
acute care use at the encounter level among people with
SCD, including hospital admissions and ED treat-and-release
(T/R) visits by age, sex, and payer and readmissions after ED
T/R or inpatient discharge.

Methods

Data Source and Analytic Sample

We derived health care use data for 2018 from SCDC reports
submitted annually to CDC from all 8 states participating in
the SCDC program: Alabama, California, Colorado, Georgia,
Indiana, Michigan, Tennessee, and Wisconsin. The SCDC
program collects individual- and encounter-level information

on people with SCD to study disease outcomes and trends in
diagnosis, treatment, and access to care.* We used data from
2018 because that is the most recent year of comprehensive
data from all participating SCDC states. Data sources vary by
state (eTable 1 in the Supplement) and include newborn
screening results, Medicaid claims, all-payer claims data-
bases, birth certificates, death certificates, SCD specialty
clinical records, electronic health records, and hospital dis-
charge and ED records. We linked and deduplicated records at
the state level, and people with SCD were identified accord-
ing to the SCDC case definition.® The SCDC case definition
follows an algorithm that classifies cases as confirmed if
records indicate a laboratory confirmation or reported clinical
diagnosis or as probable if records indicate =3 SCD-related
diagnostic codes accompanied with an acute care visit or
Medicaid enrollment within a 5-year period. The 8 states par-
ticipating in the SCDC program underwent independent ethi-
cal review in each state and received either institutional
review board approval or exempt status as not human subjects
research.

Study Population and Period

We included in our analysis people with SCD living in each
participating state in 2018, identified through the application
of the case definition through each of the 8 SCDC programs.
We summarized data as patient-level data (demographic
characteristics, number of hospital admissions, number of
ED T/R visits, total number of inpatient days in the year) and
acute care encounter-level data (number of hospital admis-
sions, number of ED T/R visits, payer data for each encoun-
ter, and number of hospital admissions or ED T/R visits that
resulted in a repeat ED T/R visit or readmission within 30 d
of discharge). Hospital admissions, ED T/R visits, repeat ED
T/R visits, and readmissions include all-cause encounters by
people with SCD, regardless of the inclusion of an SCD-
related code for the encounter.
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Table I. Demographic characteristics and use of acute care among people with sickle cell disease, by age and sex, in 8 states
participating in the Centers for Disease Control and Prevention’s Sickle Cell Data Collection program, 2018

Characteristic Total, no. (%)

=1 Hospital admission, no./total (%)

=1 ED TIR visit, no./total (%)

Overall 27 034 (100.0) 10 858/27 034 (40.2)
Sex
Male 11739 (43.4) 4678/11 739 (39.9)
Female 15295 (56.6) 6180/15 295 (40.4)
Age group, y
<20 10512 (38.9) 3330/10 512 (31.7)
20-29 5516 (20.4) 2565/5516 (46.5)
30-39 4693 (17.4) 2185/4693 (46.6)
=40 6313 (234) 277816313 (44.0)

5 408/27 034 (57.0)

6404/11 739 (54.6)
9004/15 295 (58.9)

4848/10 512 (46.1)
3655/5516 (66.3)
3120/4693 (66.5)
3785/6313 (60.0)

Abbreviation: ED T/R, emergency department treat and release.

2 The 8 states are Alabama, California, Colorado, Georgia, Indiana, Michigan, Tennessee, and Wisconsin.

Outcomes of Interest

Acute care includes hospital admissions and ED T/R visits.
We counted ED visits that resulted in admission as hospital
admissions. Repeat acute care consisted of 2 categories: a
repeat ED T/R visit or hospital readmission after an initial
ED T/R visit or a repeat ED T/R visit or hospital readmission
after an initial hospital admission.

Variables

The variables used to stratify acute care use were age, sex,
and primary payer. We determined age as of December 31,
2018, and categorized age into the following groups: <20,
20 to 29 years, 30 to 39 years, and =40 years. We catego-
rized sex as male or female. We used the US Department of
Agriculture’s 2013 Rural-Urban Continuum Codes
(1-3=urban, anything else=rural)’ to assign metropolitan
and nonmetropolitan status according to county of resi-
dence in 2018. We categorized payer type as the primary
payer of the initial encounter (Medicaid, Medicare, private;
and other, which includes self-pay, other, and unreported/
unknown). We did not obtain data on payer type for read-
mission. We categorized race as Black, other, or unknown,
according to state-specific data sources, and ethnicity as
Hispanic, non-Hispanic, or unknown.

Analysis

We summarized descriptive data on hospital admissions and
ED T/R visits by age, sex, and payer type. We calculated
rates and 95% Cls for the number of hospital admissions
and ED T/R visits per person and by age and sex. We calcu-
lated rates and 95% ClIs for repeat acute care encounters as
the number of repeat ED T/R visits or readmissions per ini-
tial admission or initial ED T/R visit by age and sex. In addi-
tion, we examined data on people who had a high frequency
of hospital admission, defined as being in the 90th percen-
tile of hospital admissions; we calculated the median length

of hospital stays for this group. Six states (Alabama,
California, Georgia, Indiana, Michigan, and Wisconsin)
provided data by age, sex, and payer, while 2 states
(Colorado and Tennessee) provided data by age and sex. We
conducted analyses at the state level and then combined data
into aggregated totals. We did not conduct formal statistical
testing.

Results

Population Characteristics and Acute Care

The 2018 SCDC program cohort consisted of 27 034 people
in 8 states; 56.6% were female, 38.9% were aged <20 years
(Table 1), 85.3% identified as Black, and 88.7% lived in a
metropolitan area. Only 2.7% identified as Hispanic, and
41.4% had unknown ethnicity. A total of 360 patients died in
2018 (1.3% of the cohort). The largest percentage of deaths
by age group occurred among those aged =40 years, with
197 deaths in this category (2.2% of cohort).

In 2018, 16 176 (59.8%) people had no inpatient hospital
admissions, and 10 858 (40.2%) people had =1 hospital admis-
sion (Table 1). Almost one-third (31.7%) of those aged
<20 years had =1 hospital admission. Among those aged
=20 years, the percentage with =1 hospital admission was
greater than 40%. In addition, 11 626 (43.0%) people had no ED
T/R visits, while more than half (57.0%) had =1 ED T/R visit.
More than 60% of those aged =20 years had =1 ED T/R visit
in 2018, while 46.1% of those aged <20 years had =1 ED T/R
visit.

In 4 of the 8 states, people with a high frequency of hospital
admissions were hospitalized for a median of =2 weeks; the
shortest median length of stay overall among the 8 states was
5 days. For the group aged 20 to 29 years with a high frequency
of hospital admission, 7 states reported a median length of stay
of >14 days, with 6 states reporting the same trend for those
aged 30 to 39 years and 5 states for those aged =40 years.
Among all states, people aged <20 years with a high frequency
of hospital admissions had a median length of stay of <14 days.
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Figure |. Types of acute care visits as a percentage of all acute care visits to hospitals by people with sickle cell disease in 8 states
participating in the Centers for Disease Control and Prevention’s Sickle Cell Data Collection program, 2018. The 8 states are Alabama,
California, Colorado, Georgia, Indiana, Michigan, Tennessee, and Wisconsin. Abbreviation: ED T/R, emergency department treat and release.

ED T/R Visits, Hospital Admissions, and Repeat
Acute Care Encounters

The 98 617 acute care encounters (ED T/R visits or hospital
admissions) in 2018 yielded an acute care use rate of 3.65
encounters per person. Overall, of all acute care visits,
71.3% were ED T/R visits and 6.4% were hospital admis-
sions with no ED involvement (Figure 1 and eTable 2 in the
Supplement). Overall, 26 979 of 34 712 hospital admis-
sions (77.7%) were initiated in the ED. Of the 98 617 peo-
ple using acute care, 93.6% (n=92 305) involved the ED in
some capacity.

Overall, 70 307 ED T/R visits occurred among the 27 034
people in the study population, for a rate of 2.60 (95% CI,
2.58-2.62) visits per person in 2018 (Table 2). The rate was
4.10 (95% CI, 4.04-4.15) visits per person among people
aged 20 to 29 years and 3.80 (95% CI, 3.75-3.86) visits per
person among people aged 30 to 39 years.

Overall, 28 310 hospital admissions occurred among all
people in the study population, resulting in 1.05 (95% CI,
1.04-1.06) admissions per person in 2018. Among people
aged 20 to 29 years, the rate was 1.49 (95% CI, 1.46-1.52)
admissions per person.

When we calculated the rates of acute care encounters
among people with =1 hospital admission or ED T/R visit,

the rate was 3.75 (95% CI, 3.73-3.78) acute care encounters
per person. The rate for ED T/R visits increased to 4.56 (95%
Cl, 4.53-4.60) visits per person, and among people with =1
hospital admission, the rate increased to 2.61 (95% CI, 2.58-
2.64) admissions per person.

Of the 28 310 hospital admissions, 13 975 (49.4%) resulted
in a hospital readmission or repeat ED T/R visit within 30 days
of discharge. The rate of readmission or repeat ED T/R visits
per initial admission was 0.58 (95% CI, 0.56-0.60) among
adults aged 20 to 29 years and 0.31 (95% CI, 0.30-0.32) among
those aged <20 years (Table 2). Of 70 307 ED T/R visits, 42
459 (60.4%) resulted in a repeat ED T/R visit or hospital read-
mission within 30 days of discharge (0.60 [95% CI, 0.60-0.63]
per initial ED T/R visit). The repeat acute care use rate after a
hospital stay was 0.68 (95% CI, 0.67-0.69) per ED T/R visit
among adults aged 20 to 29 years and 0.36 (95% CI, 0.35-0.37)
among those aged <20 years. Repeat acute care use rates were
1.2 times higher after an ED T/R visit (0.60 encounters per ED
T/R visit) than after a hospital stay (0.49 encounters per hospi-
tal admission).

Payer information for ED T/R and hospital admissions
were available from 6 states representing 24 687 people with
SCD. Public health insurance covered 81.8% of all acute
care encounters: Medicaid accounted for 62.7% and
Medicare accounted for 19.1% (Figure 2). Private health
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Table 2. Rates of ED T/R visits and hospital admissions per person per year and rates of repeat acute care use per initial encounter,
among people with sickle cell disease in 8 states participating in the Centers for Disease Control and Prevention’s Sickle Cell Data

Collection program, by age and sex, 2018*

Repeat acute care use

Inpatient encounter
resulting in readmission or
ED TIR visit within 30 d of
discharge, rate per initial
hospital admission (95% CI)

ED T/R visit resulting in
readmission or ED T/R visit
within 30 d of discharge,
rate per initial ED T/R visit
(95% CI)

ED TI/R rate Hospital admission
per person per rate per person
Characteristic year (95% CI) per year (95% CI)
Overall 2.60 (2.58-2.62) 1.05 (1.04-1.06)
Age group, y
<20 1.13 (1.12-1.15) 0.62 (0.60-0.63)
20-29 4.10 (4.04-4.15) 1.49 (1.46-1.52)
30-39 3.80 (3.75-3.86) 1.42 (1.39-1.46)
=40 2.86 (2.82-2.90) [.10 (1.06-1.13)
Sex
Male 2.43 (2.40-2.46) 1.04 (1.02-1.06)
Female 2.73 (2.71-2.76) 1.05 (1.04-1.07)

0.49 (0.49-0.50)

031 (0.30-0.32)
0.58 (0.56-0.60)
0.56 (0.55-0.58)
0.50 (0.48-0.51)

0.49 (0.48-0.50)
0.50 (0.49-0.51)

0.60 (0.60-0.63)

0.36 (0.35-0.37)
0.68 (0.67-0.69)
0.65 (0.64-0.67)
0.62 (0.61-0.63)

0.61 (0.60-0.61)
0.60 (0.59-0.61)

Abbreviation: ED T/R, emergency department treat and release.

2 The 8 states are Alabama, California, Colorado, Georgia, Indiana, Michigan, Tennessee, and Wisconsin.

insurance accounted for 10.7% of all acute care, and “other”
health insurance comprised the remaining 7.4%. The self-
pay category comprised 2.6% of people aged <20 years and
7.1% of people aged 20 to 29 years.

Discussion

To our knowledge, our study is the largest representation of
data from state-based surveillance systems to describe acute
care use among people with SCD. These data provide a pop-
ulation-based aggregation of people with SCD in 2018,
including people who did not use acute care services. This
population-based surveillance study sheds light on overall
acute care use among people with SCD and underscores the
substantial number of SCD patients who did not require hos-
pitalization. Our analysis of hospital admissions, length of
hospital stay, ED T/R visits, and repeat acute care use across
various age groups and sex showed that 40.2% of the 2018
SCDC cohort had =1 hospital admission and 57.0% had =1
ED T/R visit.

Among the 6 states that provided hospital use data strati-
fied by payer, public health insurance accounted for 81.8% of
acute care (Medicaid, 62.7%), while private health insurance
accounted for 10.7%. Our study also showed that the percent-
age of people with no health insurance (self-pay) was greater
among those aged 20 to 29 years (7.1%) than among those
aged <20 years (2.6%). This result is consistent with prior
research, which noted the risk for high levels of acute care use
among young adults with SCD as they transition from pediat-
ric to adult care.>® The literature indicates that adults aged 18
to 30 years have higher hospitalization and readmission rates
than their pediatric counterparts, which aligns with our study

group aged 20 to 29 years.*® Finally, consistent with our find-
ings, the literature indicates that women use more acute care
services than men do and that people seeking acute care for
SCD predominantly use public health insurance.!'

The rates of acute care use (ED T/R visits, hospital admis-
sions, and repeat acute care use within 30 d of an inpatient
stay or ED T/R visit) were higher in our study cohort than in
previous analyses of hospital use data.* Our findings showed
that the rate of ED T/R visits per person was higher than the
rate of hospital admissions per person (2.60 vs 1.05), which
is the opposite of what was found in a study among SCD
patients in 2005-2006. That study found that hospital admis-
sion rates (1.52 encounters per patient per year) were higher
than ED T/R visit rates (1.08 encounters per patient per
year).*

Rates of acute care use among people with SCD can be
analyzed in the context of acute care use among patients with
similar genetic conditions, such as cystic fibrosis. Both cys-
tic fibrosis and SCD are inherited autosomal recessive disor-
ders that often require ongoing medical management and
hospitalizations and are associated with a reduced lifespan.!!
One study conducted in 2016 found that the annual hospital-
ization rate for cystic fibrosis patients was 1072 per 1000
patients in 2013, or 1.072 per patient.!! This finding aligns
with our results of a hospitalization rate of 1.05 per person
for patients with SCD.

Acute care use rates among adults aged 20 to 29 years offer
an opportunity for further research. While our data do not allow
us to identify the underlying reason for increased use rates, sev-
eral age-related health complications in SCD are known. In
addition, fewer hematologists treat young adults than treat chil-
dren and adolescents. Both factors could contribute to increased
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Figure 2. (A) Percentage of hospital admissions and (B) percentage of ED T/R visits, by payer and age group, among people with sickle
cell disease in 6 states participating in the Centers for Disease Control and Prevention’s Sickle Cell Data Collection program, 2018. The
6 states are Alabama, California, Georgia, Indiana, Michigan, and Wisconsin. Abbreviation: ED T/R, emergency department treat and

release.

use in the group aged 20 to 29 years.'? Living with a chronic
illness as a newly independent adult could also lead to an
increased need for acute care in the older age group.

The ED was involved in 93.6% of all acute care encoun-
ters. High use of emergency services is costly to the individ-
ual and the health care system and often indicates poor
outpatient management of care. SCDC program data from
2019-2020 were used in 2 studies to analyze the effect of

COVID-19 on acute care use among SCD patients. One study
found a sharp decline in ED use in April 2020—by as much
as 38% in 1 state—and although encounters increased in the
following months, they had not reached prepandemic levels
by December 2020.'3 Another study of 4 states highlighted a
spike in telehealth encounters in 2020 compared with the pre-
pandemic period and found that telehealth users had more
acute care use than did those who did not use telehealth.'*
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Limitations

This project had several limitations. First, 2018 is the most
recent year of comprehensive data from all participating
SCDC states, which limited our ability to reflect current
trends in SCD. In addition, the onset of the COVID-19 pan-
demic in early 2020 may have been associated with shifts in
the patterns of acute care use among SCD patients who were
not represented in this analysis. Second, the SCDC program
relies on data linkages from state-level datasets and provides
data to CDC based on the Common Data Model."® States
have limited genotype data through clinical records and new-
born screening, and genotype data are not included in the
Common Data Model. Therefore, we did not include geno-
type-specific analyses in our study. Third, methods to iden-
tify cases may underreport people who lack health insurance,
are privately insured, were born before newborn screening
for SCD was implemented in 2006, and are infrequent users
of acute care.’ Fourth, data on the type of hospital admission
(ie, chief concern or reason for the visit) were not collected,
which precluded analysis of these data. Fifth, while all states
participating in SCDC must adhere to case definition criteria,
each state applies its own method to link available data
sources, leading to potential methodologic differences in
what was reported in each data source, including differences
in data completeness and case misclassification that may
make cross-state comparisons unreliable or misleading.
Sixth, no uniform method of calculating readmissions across
all states exists. Seventh, data were derived from the SCDC
report submitted annually to CDC; these annual data are
aggregated, which did not allow for additional analyses at
the individual level. Finally, our analysis did not account for
the survival effect, which may have resulted in a population
with fewer acute care use events in later age cohorts.

Conclusions

Acute care use was high in 2018 among people with SCD.
The percentages of patients with hospital admissions and
ED T/R visits indicate that SCD patients are more likely to
use the ED than to be admitted to the hospital. This article
represents a large subset of SCD patients who rely on acute
care. While acute care use was high among people with
SCD, less than half of the population living with SCD were
admitted to the hospital. However, more than half used the
ED. Further assistance may be needed for children and ado-
lescents with SCD as they transition to adult care, and more
acute care resources may need to be allocated to the adult
population. We also found that most acute care encounters
involved the ED. These findings necessitate further research
to better understand differences in acute care use between
age groups, high rates of ED T/R visits, and treatment of
SCD in an outpatient setting. In addition, public health
insurance bears the primary cost associated with acute care

among people living with SCD. This onus could provide
incentive for public payers to invest in innovative models of
care aiming to improve access to coordinated care for those
living with SCD.
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