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Abstract

Background: Sickle cell disease (SCD) affects 100,000 patients in 
the USA. However, no recent data was available for annual national 
trends in hospitalization rates, in-hospital mortality, hospital length 
of stay (LOS) and costs of SCD admissions due to its complications.

Methods: This study was conducted to study the trends of hospitali-
zation rates, in-hospital mortality, LOS and hospital charges due to 
SCD-related complications in African American (AA) patients from 
2004 to 2012 in the USA. Complications included acute chest syn-
drome, splenic sequestration, bacterial pneumonia, sepsis, stroke, 
deep vein thrombosis (DVT) or pulmonary embolism, retinal circula-
tion complications, priapism, disorders related to biliary stones, or 
those required blood transfusions. We obtained the study population 
from the Nationwide Inpatient Sample.

Results: Hospital admission rate rose steadily from 106 per 100,000 
AA population in 2004 to 137 in 2012. Seasonal and trend decompo-
sition revealed the highest hospitalization rate in January. Hospital 
LOS decreased from 7.1 ± 7.65 days in 2004 to 6.23 ± 6.42 days in 
2012. Hospital charges increased from 15.35 (8.99 - 27.57) thousand 
dollars per admission in 2004 to 24.78 (14.37 - 45.24) in 2012. Med-
icaid remained the primary payer in the highest number of patients 
in 9 years. In-hospital mortality did not change significantly, being 
1.03% in 2004 and 1.02% in 2012, with no significant seasonal varia-
tion in mortality. Most common complications were acute pain crisis 
and blood transfusion requirement. Biliary pathology was the only 
complication that decreased over time. Admissions for each compli-
cation were initially uprising with a decline from 2010 to 2012, ex-
cept for DVT/pulmonary embolism with a significant uptrend.

Conclusions: Overall, from 2004 to 2012, hospital admission rates 
and charges increased, and hospital LOS decreased, while in-hospital 
mortality remained unchanged.

Keywords: Sickle cell disease; Trend; In-hospital mortality; Admis-
sion rates; Length of stay

Introduction

Sickle cell disease (SCD) is a common genetic disorder that 
causes hemolysis and superimposed acute and chronic com-
plications by vaso-occlusion, vascular injury, and ultimately 
organ damage leading to death. It affects more than 100,000 
individuals in the USA, the majority of whom are African-
American (AA) [1]. With the recent advancements in the treat-
ment and screening, there is some evidence that survival of 
patients with SCD has improved [2]. In 1973, the estimated 
mean age at death of SCD patients in the USA was 14.3 years, 
with 50% of deaths occurring during the first 5 years of life [3]. 
By early 1990s, the cooperative study of SCD estimated a me-
dian life expectancy of those with sickle cell anemia, the most 
severe form of the disease, of 42 years for men and 48 years 
for women [4]. Incidence of complications, such as stroke in 
children with SCD, has also decreased [5]. This dramatic im-
provement has been attributed to several interventions starting 
in early childhood, including widespread newborn screening 
programs, the use of penicillin prophylaxis, hydroxyurea, and 
pneumococcal vaccination. However, population-based analy-
sis from 1998 to 2008 did not show a steady decrease in hos-
pitalization rates of sickle cell patients [6] and studies of most 
recent hospitalization trends are not yet available. The objec-
tive of our study was to describe annual national trends in hos-
pitalization rates, in-hospital mortality, hospital length of stay 
(LOS) and costs of SCD admissions due to its complications 
from 2004 to 2012, using large administrative data set.

Methods

We obtained the study population from Nationwide Inpatient 
Sample (NIS) of Agency for Healthcare Research and Qual-
ity (AHRQ) Healthcare Cost and Utilization Project (HCUP), 
from 2004 to 2012. Appropriate weighting was used to pro-
duce accurate nation-wide estimates.

Study population was limited to AA of any age, admit-
ted with any of International Classification of Diseases, Ninth 
Revision, Clinical Modification (ICD-9-CM) diagnostic codes 
for SCD, with or without evidence of crisis, who additionally 
had documented ICD-9-CM codes for SCD-related complica-
tions (acute chest syndrome, splenic sequestration, bacterial 
pneumonia, cerebro-vascular accidents, deep vein thrombosis 
(DVT) or pulmonary embolism, retinal circulation complica-
tions, priapism, disorders related to biliary stones, sepsis, or 
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those required blood transfusions). Annual estimates of AA 
population were provided by U.S. Census Bureau, to account 
for growing US population and to produce hospitalization 
rates. Corresponding ICD-9-CM codes can be found in Sup-
plementary 1 (http://www.thejh.org/index.php/jh).

Next, weighted annual and monthly admission rates, an-
nual and monthly mortality rates, values of LOS and hospital 
charges were calculated. Monthly hospitalization rates or met-
rics represent a time series and can be therefore analyzed with 
special tools, as seasonal and trend decomposition.

Time series seasonal and trend decomposition was per-
formed to split original rates into trend component (represent-
ing long-term yearly changes), seasonal component (circan-
nual changes), and residual, or random, component (noise). 
Locally estimated scatterplot smoothing (LOESS) was select-
ed as a decomposition method as it provided minimal autocor-
relation of residual component of the time series, which proves 
absence of hidden, undetected patterns.

Results

Admission rates and characteristics

Annual characteristics of hospitalizations for SCD complica-
tions are summarized in Table 1. We observed a 30% rise in 
hospital admissions from 39,802 admissions (106 per 100,000 
AA population) in 2004 to 56,635 admissions (137 per 100,000 
AA population) in 2012 (Fig. 1). There was a steady uptrend 
from 106 per 100,000 AA population to 157 in 2010, but then 
it decreased slightly from 157 in 2010 to 137 in 2012. Female 
proportion was higher than male proportion in all the years 
(58.7% vs. 41.3%) with an average age of 33.38 ± 11.70. Over 
years, the average age of hospitalized sickle cell patients did 
not demonstrate clinically significant difference; however, it 
reached statistical significance due to large sample size.

Number of admissions increased the most in the West re-
gion (2-fold increase from 2004 to 2012 compared to 1.3 - 1.4 
in North East, South and West).

Seasonal decomposition revealed relatively uniform ad-
mission rate throughout the year with exception for January, 
with the highest hospitalization rate, and December, with sig-
nificant trough (Fig. 2).

Complication rate

Pure complications (i.e. present given complication with ab-
sence of other complications) were analyzed (Fig. 3). Acute 
pain crisis and anemia requiring blood transfusion were the 
most common reasons for admission in 2004 - 2012 time span 
(374,335 and 222,411 admissions respectively), followed by 
DVT, sepsis, and biliary tract disorders. Overall, the trend of 
admission rate per 100,000 AA population for each complica-
tion increased from 2004 to 2010 except for biliary pathol-
ogy. From 2010 to 2012, admission rate for all complications 
started to decline, except for priapism, DVT and disturbances 
of retinal circulation. The results are almost similar when we 

counted admissions for individual complications but with oth-
er overlapping complications.

Average LOS, costs, and in-hospital mortality

Over the period of 9 years, average LOS of admissions for any 
complications decreased from 7.12 ± 7.65 days in 2004 to 6.23 
± 6.42 days in 2012 (P < 0.001).

The average total charges of each hospital stay increased 
by 1.5 times from 25.36 (95% confidence interval (CI) 8.99 
-27.57) in 2004 to 41.32 (95% CI 14.37 - 45.24) in 2012. This 
increase was monotonous with no declines.

Absolute mortality rates did not change in clinically sig-
nificant way, being 1.03% in 2009, and with minimal value of 
0.84% in 2010, and 1.02% in 2012 (Fig. 4).

Discussion

To the best of our knowledge, our study is the first to examine 
the most recent longitudinal data for hospitalizations due to 
complications of SCD. Our study found an increase in admis-
sion rate in adult AA population up to about 30% in the period 
from 2004 to 2012. In an era of advances in complication pre-
vention and treatment of SCD, especially since hydroxyurea 
was approved by Food and Drug Administration (FDA) in 
1996, this increase in complication-related admissions could 
be explained by improvement in SCD diagnostic rate by im-
plementation of state-wide newborn screening programs in the 
early 1980s - 1990s [7]. Another possibility is that the patients 
with advances in treatment now have a longer life expectan-
cy and are admitted more frequently for SCD complications. 
Okam et al in their NIS study [6] also found a statistically non-
significant fluctuation in general admissions with a diagnosis 
of SCD in a period from 1998 to 2008.

Interestingly, based on seasonal decomposition, observed 
hospitalization rate was highest in January with significant de-
cline in December. The rest of the years were characterized 
by relatively uniform admission rate with mild inter-month 
fluctuations. This pattern occurred independently of the year. 
Smith et al observed this pattern in a study of 299 patients and 
found that sickle cell pain intensity usually peaked in late fall/
early winter and troughed in spring. Patients with SCD exhibit 
hypersensitivity to thermal stimuli [8] and often report cooler 
weather or exposure to cold as the most important precipitat-
ing factor for painful vaso-occlusive crises (VOCs) [9-11]. The 
reflex constriction of superficial blood vessels in response to 
skin cooling is enhanced in SCD as compared to normal in-
dividuals. Serjeant and Chalmers hypothesized that this vaso-
constriction may be associated with diversion of blood (“vas-
cular steal”) away from active bone marrow and may cause 
avascular necrosis and precipitate VOC [12].

Of all the causes of admissions, acute pain crisis and ane-
mia requiring blood transfusion topped among all other com-
plications. Biliary pathology related admissions were the only 
one that decreased over time. Admission rates for all other 
complications increased but started to stabilize from 2010 to 
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2012, except DVT which significantly increased over 8 years. 
Although hydroxyurea seems to decrease coagulation mark-
ers, its effect on venous thrombosis is still unclear [13, 14]. In 

general population, despite the advances in pharmacotherapy, 
admission rates for DVT did not decrease in a 10-year period 
[15]. In SCD patients who harbor SCD-related risk factors as 
well as frequent hospitalizations for pain and complications, 
our finding of increased admission rate for DVT could be ex-
plained.

Overall, there was a decrease in average LOS. However, in-
hospital mortality associated with patients admitted for compli-
cations of SCD did not change significantly over 9 years from 
2004 to 2012. Since hydroxyurea was first approved for adult 
patients with SCD in 1998, its long-term use has been proved 
to prevent and shorten hospital duration of stay due to compli-
cations and improve survival [3, 16] but data on whether this 
medication has effect on in-hospital mortality is limited. In ad-
dition, advances in therapy for SCD including immunomodula-
tory drugs, DNA-methyltransferase inhibitors and hematologic 
stem cell transplant were not widely implemented in the period 
of 2004 - 2012. The fact of decreased LOS with increased ad-
mission rate also raised questions about possible readmission 
rate which was beyond the scope of our study.

Our results showed a tremendous increase in hospital 
cost over the time frame of 9 years. Increasing disposition, 
greater complexity of treatments, and ageing population are 
some causes of this hospital cost increase. The financial side 

Figure 1. Monthly incidence of hospitalizations for SCD complications, per 100,000 African-American population. SCD: sickle 
cell disease.

Figure 2. Seasonal deviation in monthly hospitalization rates, per 
100,000 AA population. AA: African-American.
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of healthcare delivery has been more and more of a staggering 
burden for the economy.

Limitations

Although we have included all reasonable ICD-9-CM codes 
for SCD and its complications, our study was based on nosolo-
gy units which has billable codes, and thus is susceptible to er-
rors arising from coding inaccuracies. Second, we attempted to 
include all the complications that are possibly contributed by 

SCD but in fact, this could be related to other comorbidities of 
individual patients as well. This could result in an overestima-
tion of admissions due to complications only related to SCD. 
The database we used also allowed us to study only in-hospital 
mortality but did not have value in follow-up outcomes. Nev-
ertheless, this study has provided with an important and objec-
tive general overview of a large sample of hospitalized SCD 
patients over a relatively long period of time.

Conclusions

From 2004 to 2012, admission rate for SCD-related compli-
cations increased. Most common complications were acute 
pain crisis and blood transfusion requirement. Amongst all the 
complications, biliary pathology related admissions decreased 
while all other complications increased with DVT rising re-
markably. Average length of hospital stay decreased during 
this period with an increased trend in hospital charges. How-
ever, in-hospital mortality remained unchanged.
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