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ABSTRACT

Objective. We conducted a needs assessment for patients with sickle cell 
disease (SCD) in South Carolina using statewide administrative data to examine 
acute care utilization during a defined 12-month period. The data were col-
lected to provide information for state and regional service providers, managed 
care companies, and policy makers to identify demographic gaps in care and 
inform policy and educational efforts to improve care.

Methods. We obtained records on emergency department visits and hospital-
izations through patient-based uniform billing data. We stratified analyses of 
acute care utilization and 30-day readmission rates by patient age, region, and 
expected payer.

Results. Young adults, those with public insurance, and those who resided in 
a region with the largest number of patients had the highest rates of acute 
care utilization and 30-day readmissions. Patients who resided in a largely rural 
area without access to comprehensive care also had high rates of acute care 
utilization and readmissions. The pattern of readmissions data suggested that 
data on 7- or 14-day readmission rates, in addition to data on 30-day readmis-
sion rates, could be used as benchmarks of quality of care for adult patients 
with SCD. 

Conclusion. Administrative datasets can provide important information on 
demographic gaps in care for patients with SCD. The results highlight both 
national and regional issues in the provision of health-care services for patients 
with SCD. 
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Sickle cell disease (SCD) is the most common inherited 
blood disorder in the United States, affecting nearly 
100,000 individuals.1 Pain is the hallmark symptom 
of SCD and the primary reason patients seek care. 
SCD also causes other potentially life-threatening 
complications, including infection, stroke, and organ 
damage, that require emergency department (ED) 
care or inpatient hospitalization.2,3 National guidelines 
for SCD emphasize that all affected individuals need 
both primary and comprehensive hematologic care 
to prevent severe complications,4 and research shows 
lower levels of acute care utilization and readmissions 
among patients who obtain comprehensive services.5,6

Despite these guidelines, adherence to medical 
guidelines can vary by geographic region, and some 
research suggests disparities in patient outcomes even 
at the county level.7–10 Research also suggests age-based 
discrepancies in care. Until the advent of universal new-
born screening, many children with SCD were not living 
into adulthood, thereby limiting the education and 
experience of providers in treating adults with SCD. 
Young adults with SCD are considered a particularly 
vulnerable group in terms of access to care and quality 
of care because of potential issues with transitioning 
from pediatric to adult care, lack of health-care provid-
ers for adults with SCD, and high rates of acute care 
utilization and mortality.11–15 Access to quality care for 
patients with SCD is an especially salient issue in South 
Carolina and the southeastern United States because of 
the large number of individuals with SCD who reside 
in the region and the unique demographics that may 
influence access to care. South Carolina, Alabama, 
Georgia, and North Carolina each has an estimated 
2,500 to 5,000 patients with SCD, and most identify 
as African American.1 Each of these states also has a 
large percentage (close to 20%) of residents who live 
below the federal poverty level and a large number 
of patients who reside in rural areas that are far from 
comprehensive specialty centers.7,16,17

Because no national registry exists for following 
patients with SCD across the lifespan, as there is for 
such diseases as cystic fibrosis,9 other methods must be 
used to identify the needs of patients in regions with 
a high prevalence of SCD to tailor educational pro-
grams, enhance clinical services, and track outcomes. 
The objective of this study was to examine the patient 
population with SCD in South Carolina by evaluating 
acute care utilization patterns by age, region, and 
expected payer using administrative data. The study was 
conducted to inform state and regional service provid-
ers, managed care organizations, and policy makers 
on current patterns of utilization and to identify gaps 
in care that may be related to demographic variation 

within the state. In contrast to a summative evalua-
tion, which evaluates changes resulting from specific 
programs or policies, this study is a formative evalua-
tion, which assessed the needs of patients with SCD to 
inform educational and policy efforts. In particular, this 
study was interested in answering the following ques-
tions about individuals with SCD in South Carolina: 
(1) How old are the majority of patients who utilize 
acute care services? (2) Is there regional variation in 
utilization? (3) Does utilization vary by type of insur-
ance, and does variation in type of insurance by age 
account for differences in utilization? and (4) What 
is the status of readmissions in South Carolina, and is 
a 30-day readmission rate an appropriate benchmark 
for measuring quality of care?

METHODS

Data source
Data were obtained from the South Carolina Rev-
enue and Fiscal Affairs Office, which monitors all 
uniformed billing data for emergency department 
(ED) and inpatient discharges in the state, except for 
discharges from hospitals in the Veterans Affairs or 
military health system. We obtained encounter-level 
data with a primary or secondary discharge diagnosis 
of SCD (282.41, 282.42, 282.60, 282.60–282.64, 282.68, 
or 282.69) based on the International Classification 
of Diseases, Ninth Revision (ICD-9)18 from January 1 
through December 31, 2012 (the most recent year for 
which all patient data were available). We also obtained 
data on patient age, sex, expected payer, and county of 
residence. Patients with fatal cases (n542) and patients 
not residing in South Carolina for encounters in 2012 
(n5111) were excluded. 

Variables
Region of residence. Region of residence was determined 
for each patient according to the county in which the 
patient resided for the majority of encounters. The 
South Carolina Department of Health and Environ-
mental Control divides the state into four regions: 
Lowcountry, Midlands, Pee Dee, and Upstate. These 
regions differ from each other in rurality and proximity 
to comprehensive care.

Age. Age of patient was determined as the age at the 
patient’s first encounter in 2012. Consistent with 
previous research,11 age was categorized into the fol-
lowing groups: 0–9, 10–17, 18–30, 31–45, 46–64, and 
$65 years.

Expected payer. Expected payer was determined accord-
ing to the third-party payer listed for each patient 
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for the majority of encounters, including Medicaid, 
Medicare, private insurance, and self-pay/uninsured. 

Outcomes

Emergency department (ED) visits and hospitalizations. 
Rates of ED visits, hospitalizations, and total acute 
care encounters per patient were calculated for the 
12-month period. An ED visit that resulted in a hos-
pitalization was classified as a hospitalization for that 
encounter to ensure that an ED visit represented 
only a treat-and-release encounter. Encounters had to 
be at least 24 hours apart to be considered separate 
encounters.

Readmissions. A readmission was defined as either a 
treat-and-release ED visit or a subsequent inpatient 
hospitalization occurring more than one day after but 
within 30 days after a hospital discharge (index point). 
Time between encounters was calculated in days from 
date of index point to date of subsequent ED or hospital 
admission. A readmission within 30 days was assessed as 
a rehospitalization, an ED visit following a hospitaliza-
tion, or an encounter consisting of any acute care (ED 
or inpatient hospitalization) separately. Encounters 
in January were considered the first encounter. An 
encounter in December could count as a readmission 
for a hospitalization in November, but it was excluded 
as a hospitalization eligible for a subsequent readmis-
sion (n5310) because 30-day follow-up information 
would not be available.

Data analysis
Descriptive analyses were completed in SAS® version 
9.4.19 Rates and 95% confidence intervals (CIs) for 
acute care encounters per patient were stratified by 
age, expected payer, region of residence for ED visits, 
hospitalizations, and total visits. Rates and 95% CIs for 
hospitalizations resulting in a subsequent readmission 
to the ED or inpatient care within 30 days were calcu-
lated at the encounter level. Kaplan-Meier estimator was 
used to plot age, expected payer, and region-specific 
cumulative event curves during a 30-day period to 
understand patterns of readmissions and to examine 
alternative benchmarks for quality of care (i.e., 7- and 
14-day readmission rates). 

RESULTS

The final dataset consisted of 2,313 patients and 10,727 
encounters (Table 1). Most (84%) patients were aged 
45 years or younger. The Lowcountry (n5808) had the 
highest number of patients with acute care encounters, 
followed by Midlands (n5613), Pee Dee (n5541), 

Table 1. Characteristics of patients with sickle  
cell disease (n=2,313) and their hospital encounters 
(n=10,727), South Carolina, January 1– 
December 31, 2012a

Patient characteristics
Number 

(percentb)

Total number of patients 2,313 (100.0)
Sickle cell genotype
  HbSS 1,314 (56.8)
  HbSC 54 (2.3)
  HbSβ1/0 thalassemia 226 (9.8)
  HbSD/HbSE 49 (2.1)
  Not specified 670 (29.0)
Age (in years)
  0–9 473 (20.5)
  10–17 272 (11.8)
  18–30 713 (30.8)
  18–24 410 (17.7)
  25–30 303 (13.1)
  31–45 478 (20.7)
  46–64 290 (12.5)
  $65 87 (3.8)
Sex
  Male 984 (42.5)
  Female 1,329 (57.5)
Race
  African American 2,217 (95.9)
  White 80 (3.5)
  Other 16 (0.7)
Patients by region
  Lowcountry 808 (34.9)
  Midlands 613 (26.5)
  Pee Dee 541 (23.4)
  Upstate 351 (15.2)
Expected payer
  Medicaid 1,057 (45.7)
  Medicare 559 (24.2)
  Private insurance 486 (21.0)
  Self-pay/uninsured 211 (9.1)
Patients with ED visit 1,736 (75.1)
Patients with hospitalization 1,404 (60.7)
Readmissions within 30 days 788 (35.6)
Encounter characteristics
  Total number of acute care encounters 10,727 (100.0)
  Number of ED visits 7,125 (66.4)
  Number of ED visits resulting in  
    hospitalization

417 (3.9)

  Number of treat-and-release ED visits 6,708 (62.5)
  Number of hospitalizations 4,019 (37.5)
  Mean (SD) length of hospitalization, days 5.0 (5.0)

aData were obtained from the South Carolina Revenue and Fiscal 
Affairs Office, which monitors all uniform billing data for ED and 
inpatient discharges in the state, except for discharges from 
hospitals in the Veterans Affairs or military health system.
bPercentages may not total to 100 due to rounding.
Hb 5 hemoglobin
HbSS 5 hemoglobin SS (sickle cell anemia)
HbSC 5 hemoglobin SC
HbSβ1/0 5 hemoglobin S/beta thalassemias
HbSD/HbSE 5 hemoglobin SD/SE
ED 5 emergency department
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and Upstate (n5351) regions. By type of insurance, 
45.7% of patients were insured by Medicaid, followed 
by Medicare (24.2%), private insurance (21.0%), and 
self-pay/uninsured (9.1%). 

Acute care encounters by age, region,  
and expected payer
By age, rates of acute care encounters were relatively 
stable in childhood and adolescence, spiked in young 
adulthood, and then declined in middle age (Table 2). 
The spike in acute care encounters was largely due to 
higher rates of ED visits for adults aged 18–45 years, 
who had rates approximately three to four times the 
rates for children and adolescents. 

By region, the Lowcountry had the highest rate 
(3.8 visits per patient) of ED visits, followed by the Pee 
Dee (2.7 visits per patient). Hospitalization rates were 
similar across regions, although the Pee Dee had the 
highest rate (2.1 visits per patient). The Upstate had 
the lowest rates of both ED visits (1.8 visits per patient) 
and hospitalizations (1.4 visits per patient). 

By type of insurance, rates of acute care encounters 
for patients with public insurance were approximately 
two to three times the rates for those who had private 
insurance or were self-pay/uninsured. Patients with 
Medicare had the highest rates of acute care encoun-

ters, followed by Medicaid, private insurance, and 
self-pay/uninsured. 

Most patients with Medicaid were children, ado-
lescents, or young adults, whereas almost all patients 
with Medicare were aged .18 years (Table 3). Private 
insurance was more evenly distributed across all age 
groups up to age 65 years. The self-pay/uninsured 
group consisted mostly of young adults, followed by 
adults aged 31–64 years. Rates of acute care encounters 
were relatively stable across insurance types for children 
and adolescents. In contrast, adults aged 18–45 years 
with Medicare or Medicaid had approximately two to 
four times the number of encounters as those who had 
private insurance or were self-pay/uninsured.

Rates of 30-day readmission
The overall 30-day readmission rate for any acute care 
encounter (ED or inpatient hospitalization) was 45.6% 
(Table 4). The 30-day rehospitalization rate was 31.5%, 
and the 30-day readmission rate to the ED was 18.2%. 
The patterns of readmission rates based on age, region, 
and expected payer were similar to patterns of overall 
acute care utilization. Readmission rates were relatively 
stable in childhood and adolescence and doubled in 
young adulthood. The readmission rate remained high 
among those aged 31–45 years and dropped among 

Table 2. Rates of acute care encounters among patients with sickle cell disease (n=2,313), by patient 
characteristics, South Carolina, January 1–December 31, 2012a

Characteristic
Number of 

patients

Encounters per patient

Emergency department 
N (95% CI)

Inpatient hospitalization 
N (95% CI)

Total 
N (95% CI)

Total 2,313 2.9 (2.6, 3.2) 1.7 (1.6, 1.8) 4.6 (4.3, 5.0)
Age (in years)
  0–9 473 1.1 (1.0, 1.2) 1.3 (1.2, 1.5) 2.4 (2.2, 2.6)
  10–17 272 1.3 (1.1, 1.5) 1.3 (1.1, 1.5) 2.6 (2.3, 2.9)
  18–30 713 4.9 (4.2, 5.6) 2.2 (2.0, 2.5) 7.2 (6.3, 8.0)
  31–45 478 3.8 (3.0, 4.8) 1.9 (1.6, 2.2) 5.7 (4.8, 6.6)
  46–64 290 1.8 (1.3, 2.2) 1.5 (1.2, 1.7) 3.2 (2.6, 3.8)
  $65 87 0.3 (0.2, 0.4) 1.0 (0.8, 1.2) 1.3 (1.2, 1.5)
Region
  Lowcountry 808 3.8 (3.2, 4.4) 1.8 (1.6, 2.0) 5.6 (4.9, 6.4)
  Midlands 613 2.4 (2.1, 2.8) 1.5 (1.3, 1.7) 3.9 (3.4, 4.4)
  Pee Dee 541 2.7 (2.2, 3.3) 2.1 (1.9, 2.4) 4.9 (4.2, 5.6)
  Upstate 351 1.8 (1.4, 2.2) 1.4 (1.2, 1.6) 3.2 (2.7, 3.7)
Expected payer
  Medicaid 1,057 2.8 (2.5, 3.2) 2.0 (1.8, 2.1) 4.8 (4.3, 5.3)
  Medicare 559 4.6 (3.8, 5.4) 2.5 (2.2, 2.7) 7.0 (6.1, 8.0)
  Private 486 1.6 (1.3, 1.9) 1.0 (0.9, 1.2) 2.7 (2.3, 3.1)
  Self-pay/uninsured 211 1.7 (1.4, 2.0) 0.3 (0.2, 0.4) 2.1 (1.8, 2.4)

aData were obtained from the South Carolina Revenue and Fiscal Affairs Office, which monitors all uniform billing data for emergency 
department and inpatient discharges in the state, except for discharges from hospitals in the Veterans Affairs or military health system.

CI 5 confidence interval 
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Table 4. Rates of 30-day readmissions among patients with sickle cell disease (n=2,313), by patient 
characteristics, South Carolina, January 1–December 31, 2012a

Characteristic
Number of 
encounters

Readmission to 
emergency department  

N (95% CI)

Readmission to inpatient 
hospitalization  

N (95% CI)

Readmission for any  
acute care encounter 

N (95% CI)

Total 3,709 18.2 (16.9, 19.4) 31.5 (30.0, 33.0) 45.6 (44.0, 47.2)
Age (in years)
  0–9 567 3.7 (2.4, 5.6) 19.0 (16.0, 22.5) 24.7 (21.4, 28.5)
  10–17 320 7.8 (5.4, 11.3) 15.9 (12.4, 20.4) 25.0 (20.6, 30.1)
  18–30 1,489 26.0 (23.8, 28.3) 38.2 (35.7, 40.7) 57.6 (55.1, 60.1)
  31–45 862 23.0 (20.3, 25.9) 39.8 (36.6, 43.1) 54.6 (51.4, 58.0)
  46–64 389 10.8 (8.1, 14.3) 23.6 (19.7, 28.2) 34.7 (30.2, 39.7)
  $65 82 0 8.5 (4.2, 17.1) 8.5 (4.2, 17.1)
Region
  Lowcountry 1,346 20.9 (18.8, 23.2) 32.6 (30.2, 35.2) 48.6 (46.0, 51.3)
  Midlands 846 16.3 (14.0, 19.0) 28.1 (25.2, 31.3) 42.7 (39.4, 46.1)
  Pee Dee 1,068 19.5 (17.2, 22.0) 34.7 (32.0, 37.7) 47.6 (44.6, 50.6)
  Upstate 449 10.2 (7.8, 13.4) 27.0 (23.1, 31.3) 37.4 (33.1, 42.1)
Expected payer
  Medicaid 1,909 18.1 (16.4, 19.9) 32.9 (30.8, 35.0) 47.0 (44.8, 49.2)
  Medicare 1,280 21.4 (19.3, 23.8) 35.6 (33.0, 38.2) 51.8 (49.1, 54.6)
  Private 460 10.9 (8.4, 14.1) 18.0 (14.8, 21.9) 27.2 (23.4, 31.5)
  Self-pay/uninsured 60 6.7 (2.6, 16.8) 5.0 (1.6, 14.7) 10.0 (4.6, 20.9)

aData were obtained from the South Carolina Revenue and Fiscal Affairs Office, which monitors all uniform billing data for emergency 
department and inpatient discharges in the state, except for discharges from hospitals in the Veterans Affairs or military health system.

CI 5 confidence interval

those in middle age before declining dramatically for 
patients aged $65 years. Patients with public insurance 
had higher readmission rates than patients with pri-
vate insurance or those who were self-pay/uninsured. 
Patients in the Lowcountry and Pee Dee regions had 
higher readmission rates than did patients in the Mid-
lands or Upstate. 

The cumulative readmission rate had a largely linear 
pattern during a 30-day period (Figure A), with a slight 
initial curve during the first 7–14 days. This pattern 
varied by age group (Figure B); a linear pattern in days 
to readmission was found for children and adolescents, 
whereas a more curvilinear pattern, with an initial peak 
in the first 7–14 days, was found for adults aged 18–45 
years. By 14 days, approximately 30% of adults aged 
18–45 years were readmitted to the hospital or ED vs. 
approximately 10% of children and adolescents. By 
expected payer (Figure C), a slight curvilinear pattern 
was found for those with public insurance; however, the 
data for those with private insurance or who were self-
pay tended to plateau after the first 7 days. By region 
(Figure D), patterns of readmissions were fairly similar, 
with a slight curvilinear pattern for the Lowcountry, 
Midlands, and Pee Dee regions. 

DISCUSSION

This study used a statewide administrative dataset to 
perform a needs assessment for people with SCD in 
South Carolina by assessing demographic variation 
in acute care utilization. The information gained will 
help to inform state and regional policy and clinical 
educational efforts to improve care and can be mod-
eled in other states with a similar intent.

Most patients using acute care services were adults 
aged 18–45 years, who also had the highest rates of 
ED visits and hospitalizations. That most patients were 
younger than 45 years of age was expected based on 
the anticipated lifespan of individuals with SCD. These 
findings are consistent with previous studies that used 
both state-specific and nationally representative data-
bases and suggest that acute care utilization is consis-
tently high across adulthood, which may be the result 
of changes in the pathophysiology of SCD over time 
or differences in access to specialty care in adulthood 
vs. childhood or both.11,12,20,21 The latter explanation is 
particularly important given discrepancies in pediatric 
care and adult care in South Carolina during the study 
period. In 2012, pediatric hematologic care was avail-
able in the Lowcountry, Midlands, and Upstate, but no 
adult specialty care was available in any region. 
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In most age groups, the rate of acute care encounters 
was higher than national population-based estimates. 
The rate of ED visits was approximately two to three 
times as high as the rate reported by Brousseau and 
colleagues, who provided encounter estimates per year 
based on eight states in various geographic areas.11 For 
example, the rate of ED visits per patient for young 
adults in South Carolina was 4.92 (95% CI 4.24, 5.60) 
vs. 1.59 (95% CI 1.50, 1.68) reported by Brousseau and 
colleagues. The reason for the higher rate of ED visits 
in our study is unclear but may reflect patient use of 
the ED as a substitute for comprehensive care, either 
because comprehensive care was not available or was 
too far from the patient’s residence.10 This finding 
may also suggest that patients are being discharged 
from the hospital too quickly, resulting in frequent 
ED readmissions. 

Our study found regional variation in utilization. 
The data on number of patients with acute care 

encounters by county were consistent with data on 
newborn screenings in the state (Unpublished data, 
South Carolina Department of Health and Environ-
mental Control, 2012–2013). The Lowcountry had 
the highest rate of acute care utilization, followed 
by the Pee Dee, Midlands, and Upstate. The primary 
differences between these regions are the size of the 
total population of patients and the degree of rurality. 
The Lowcountry may have a larger catchment area 
because of the presence of a major academic (and ter-
tiary care) center, which may draw patients with more 
severe complications. The large number of patients 
and high rate of acute care utilization in the Pee Dee 
is also notable because it is the only region that lacks 
comprehensive sickle cell care. The Pee Dee also has 
a large number of rural counties, which may limit 
patients’ ability to travel to specialized physicians in 
other regions. The large number of patients with SCD 
in this region utilizing acute care services necessitates 

Figure. Rate of 30-day readmission to any care for sickle cell disease, overall, by age group, by expected payer, 
and by region, South Carolina, 2012
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expanded education and specialty services and high-
lights the need for southeastern states and other areas 
with large or numerous rural areas to evaluate the 
current status of care.7 

Utilization varied by type of insurance, and varia-
tion in type of insurance by age accounted for differ-
ences in utilization. Patients with public insurance 
had higher rates of acute care utilization than those 
with private insurance or those who were self-pay/
uninsured, consistent with the findings of Brousseau 
and colleagues.11 The subgroup analysis of acute care 
utilization by age and expected payer also suggested an 
age-based discrepancy in utilization between publicly 
insured and privately insured individuals. Utilization 
was similar among children and adolescents with 
Medicaid and children and adolescents with private 
insurance. In contrast, adults with public insurance had 
higher rates of acute care utilization than adults with 
private insurance. Given the high rate of acute care 
utilization among those with public insurance, state 
and regional policy makers might consider expanding 
comprehensive services for adult patients to improve 
care and save costs.10,20,22

Young adults comprised about half of the individuals 
in the sample who were self-pay/uninsured. Surpris-
ingly, these patients had the lowest rates of overall 
acute care utilization, regardless of age. This finding 
suggests that patients without insurance may forego 
necessary but expensive health care or that patients 
with more complications from SCD are more likely to 
have insurance in South Carolina.

The overall 30-day readmission rate (including both 
hospital and ED encounters) in South Carolina was 
higher than national population-based estimates.11 This 
discrepancy was largely the result of readmissions to 
the ED, which were higher in South Carolina (18.2%; 
95% CI 16.9, 19.4) than nationally (15.0%; 95% CI 
14.7, 15.3). The pattern of readmissions during a 
30-day period suggests that multiple benchmarks may 
be important for understanding and improving care. 
This observation was particularly true for adults aged 
18–45 years, who demonstrated an initial peak in utili-
zation during the first 7–14 days. As noted by previous 
researchers,11 multiple benchmarks may be helpful for 
evaluating data on SCD, with 7- to 14-day benchmarks 
potentially representing the quality of acute care utiliza-
tion and a 30-day benchmark representing the quality 
of comprehensive hematological care. 

Limitations
This study had several limitations. It used an admin-
istrative dataset that did not include data on certain 
forms of health-care utilization, such as urgent care. 

This study was also limited to using ICD-9 codes to 
designate an individual as having SCD; thus, patients 
who were not listed with an SCD diagnosis would not 
be represented in the analysis. In addition, it was not 
possible to verify the accuracy of patient demographics 
entered into the billing system; previous studies have 
documented the challenges of accurately capturing 
certain forms of information (e.g., SCD subtype) 
from billing data.11 Finally, the administrative dataset 
restricted our focus to a limited set of demographic 
variables; other variables that would be helpful to exam-
ine in future studies include more specific measures 
of socioeconomic status, patient-reported barriers, and 
availability of primary care providers. 

CONCLUSION

This study highlights important national and regional 
issues for care of people with SCD. Recent research 
suggests that the discrepancy between pediatric and 
adult health outcomes in SCD is a national issue 
resulting, in part, from a paucity of providers willing 
and able to treat adult patients with SCD.14,15 In South 
Carolina and similar southeastern states, this issue 
may be compounded by a large number of patients 
residing in rural areas and fewer resources for access-
ing care at comprehensive centers in urban settings.7 
Improvements in care for patients with SCD will 
require a combination of national educational efforts 
to increase the number of providers who can provide 
quality care for people with SCD as well as local, state, 
and regional efforts to improve access. As part of these 
efforts, the use of multiple quality benchmarks may be 
useful for adult patients, including the use of 7- and 
14-day readmission rates in combination with 30-day 
readmission rates.

This study was supported by the Southeastern Virtual Institute 
for Health Equality and Wellness from U.S. Army Medical 
Research and Materials Command/Telemedicine and Advanced 
Technology Research Center (W81XWH-10-2-0057). This study 
was approved by the Medical University of South Carolina’s 
Institutional Review Board.
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