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Abstract

Background—Blood transfusions represent a major therapeutic option in acute management of

sickle cell disease (SCD). Few data exist documenting trends in transfusion among children with

SCD, particularly during hospitalization.

Procedure—This was an analysis of cross-sectional data of hospital discharges within the Kid’s

Inpatient Database (years 1997, 2000, 2003, 2006, 2009). Hospitalizations for children (0–18

years) with a primary or secondary SCD-related diagnosis were examined. The primary outcome

was blood transfusion. Trends in transfusion were assessed using weighted multivariate logistic

regression in a merged dataset with year as the primary independent variable. Co-variables

consisted of child and hospital characteristics. Multivariate logistic regression was conducted for

2009 data to assess child and hospital-level factors associated with transfusion.

Results—From 1997 to 2009, the percentage of SCD-related hospitalizations with transfusion

increased from 14.2% to 28.8% (P <0.0001). Among all SCD-related hospitalizations, the odds of

transfusion increased over 20% for each successive study interval. Hospitalizations with vaso-

occlusive pain crisis (OR 1.35, 95% CI 1.27–1.43) or acute chest syndrome/pneumonia (OR 1.24,

95% CI 1.13–1.35) as the primary diagnoses had the highest odds of transfusion for each

consecutive study interval. Older age and male gender were associated with higher odds of

transfusion.

Conclusions—Blood transfusion is increasing over time among hospitalized children with SCD.

Further study is warranted to identify indications contributing to the rise in transfusions and if

transfusions in the inpatient setting have been used appropriately. Future studies should also assess

the impact of rising trends on morbidity, mortality, and other health-related outcomes.
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INTRODUCTION

Sickle cell disease (SCD) is an inherited hemoglobinopathy that occurs in 1 in every 375

African-American births [1]. Clinical manifestations of SCD include vaso-occlusive pain

crises (VOC), anemic episodes, infections, and stroke [2,3]. While hydroxyurea has emerged

as a major therapeutic option in the management of SCD [4], transfusion remains an

essential and life-saving component of clinical care [5–7]. Transfusion of red blood cells

lowers the percentage of HbS and reduces new sickle erythrocyte production secondary to

suppressed erythropoietin release [8–10]. In acute care settings such as hospitalization,

transfusions are used to treat life threatening anemia, ischemic stroke, acute chest syndrome

(ACS), and other indications [5,7,11,12]. Transfusion may be additionally employed among

children with SCD in the peri-operative period for surgery [13].

Historically, complications associated with transfusion have limited its use in SCD

management [5,14–16]. Several laboratory and pharmacologic advances, including

improved red cell phenotyping and matching, more sensitive microbiological testing of

blood donors, and the advent of effective iron chelating agents, have mitigated concerns

regarding transfusion [14]. These advances have reduced barriers to an extent that

transfusion usage may be increasing. In the United States, approximately 50% of adults with

SCD receive intermittent or chronic transfusion therapy [17]. In a single institution study of

adults in the UK, the percentage of patients transfused each year increased from 15% in

2000 to 19% in 2009 [18]. Increased use of blood transfusions presupposes knowledge of

growing needs and that an adequate blood supply exists to meet this growing demand.

However, there is little available data to identify trends in transfusion therapy among

children, particularly during hospitalization. Knowledge of such trends may be particularly

important in the inpatient setting where transfusion may impact projections for needed blood

supply, clinical outcomes, length of stay, and hospital and other transfusion related costs.

The primary aims of this study were to describe trends in transfusion among hospitalized

children with SCD and determine factors associated with transfusion. Using data from the

Kids’ Inpatient Database, we assessed trends between 1997 and 2009 among a nationally

representative sample of hospitals. We hypothesized that transfusions would increase over

time, even with controlling for socio-demographic variables and hospital characteristics.

METHODS

Study Design and Data Source

This was a cross-sectional analysis of pediatric hospitalizations for children with SCD in the

U.S., using the 1997–2009 Kid’s Inpatient Database (KID). The database is sponsored by

the Agency for Healthcare Research and Quality, as part of the Healthcare Cost and

Utilization Project (HCUP) [19]. The KID, available every 3 years since 1997, was designed
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to report hospital use and outcomes for children. This database is the only U.S. pediatric

inpatient database including data from all payers and multiple hospital types, and contains

information on patient demographics, hospital characteristics, diagnoses, procedures, and

length of stay.

The KID sampling frame was constructed using all U.S. short-term, non-federal, general,

and specialty hospitals that had pediatric discharges defined as less than age 20 years from

states participating in HCUP. The database does not include all discharges from

participating institutions but instead a 10% sample of uncomplicated in-hospital births and

an 80% sample of other pediatric discharges. The database contains more than 100 clinical

and non-clinical variables included in hospital abstracts of all hospitalizations. The KID

database is designed to provide national estimates for pediatric hospitalizations for both

common and rare conditions. The database contains weighted discharge data for use in

generating national estimates of total U.S. discharges for specific diagnoses and procedures.

These weights are configured to produce rates that are comparable across years despite

variation in the number of participating states. In order to protect hospital and patient

confidentiality, identifying information on hospitals or patients are omitted in the database.

For this study, all currently released datasets (1997, 2000, 2003, 2006, and 2009) were

analyzed. The project was reviewed and approved by the Baylor College of Medicine

Institutional Review Board.

Study Subjects

Pediatric hospitalizations for patients ≤18 years of age with a primary or secondary

discharge diagnosis related to SCD were identified using International Classification of

Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes: 282.6, 282.60, 282.61,

282.62, 282.63, 282.64, 282.68, 282.69, 282.41, 282.42, 517.3, or 289.52. These codes

represent all different genotypes of SCD (with or without crisis) and SCD defining

complications—ACS and splenic sequestration. Hospitalizations coded for sickle cell trait

(282.5) were excluded.

Primary Outcome Variable

The principal outcome was the proportion of hospitalizations among children with SCD that

required transfusion. Both packed red blood cell and exchange transfusions were assessed.

Packed blood cell transfusions were identified by ICD-9 code 99.04 and exchange

transfusions by ICD-9 99.01.

Independent Variables

Child characteristics consisted of age, gender, race/ethnicity, payer type, and household

income. Age was divided into <1 year (infant), 1–4 years (preschool age), 5–12 years

(school age), and 13–18 years (adolescence). Race/ethnicity as collected by hospitals was

categorized as White, Black, Hispanic, or other. Children for which no race/ethnicity was

collected were categorized as Unknown. Payer type was classified as private, public, or

other (uninsured). Insurance type was grouped into the following payers: private, public, and

other. Income was divided by the KID into four groups based on the median household

income for the child’s zip code of residence: first quartile ($0–25,000), second quartile
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($25,001–30,000), third quartile ($30,001–35,000), and fourth quartile (>$35,000). Hospital

characteristics consisted of individual identification code, region, hospital size, teaching

status, and hospital ownership. U.S. region was grouped into four categories (Northeast,

Midwest, South, and West). Hospital size was defined as small, medium, or large. Hospital

teaching status was categorized as teaching/urban and non-teaching/urban. Hospital

ownership consisted of children’s general hospital, children’s unit in a general hospital, and

hospitals not identified as children’s hospital (i.e., general hospital without a children’s unit)

by the National Association of Children’s Hospitals and Related Institutions (NACHRI)

hospital type.

In addition to these categorical variables, we also investigated specific surgical procedures

and clinical diagnoses associated with SCD that may have directly influenced the receipt of

transfusions. We specifically assessed principal diagnoses that were surgical procedures

associated with SCD (e.g., cholecystectomy, splenectomy) and non-SCD-related procedures

(e.g., appendectomy). SCD-related diagnoses examined consisted of VOC, ACS, and

pneumonia.

Statistical Analysis

Data were weighted to generate national estimates using appropriately scaled weights

provided by HCUP. Weighting within each study year accounted for hospital strata,

clustering, and the volume of hospitals within each dataset. Summary statistics were

performed to determine means, medians, and proportions. Frequencies were calculated for

principal discharge diagnoses most often having transfusion as a co-diagnosis. Chi-square

analysis was used to examine differences in the proportions of hospitalizations requiring

transfusion between individual years. Trends in the proportion of hospitalizations with blood

transfusions were assessed using weighted multivariate logistic regression in a merged

dataset with survey year as the principal independent variable. Co-variables examined in

multivariate logistic regression consisted of age, gender, race/ethnicity, payer type,

household income, region, hospital size, teaching status, and hospital ownership. Discharges

for which race/ethnicity was unknown were grouped into an “unknown” category for race/

ethnicity and controlled for in analysis. Individual hospital identification codes were also

controlled for in the analysis to account for clustering. Subgroup analyses were conducted

for different principal diagnoses, age categories, and surgical procedures. For the purpose of

analysis, we combined ACS and pneumonia into one principal diagnosis category—ACS/

pneumonia—given that they collectively represent pulmonary complications of SCD.

Logistic regression was also used to examine socio-demographic variables and hospital

characteristics associated with transfusion (2009 only). Results are reported as odds ratios

(OR) with 95% confidence intervals (CI). We performed analyses using SAS 9.2 (SAS

Institute, Inc., Cary, NC).

RESULTS

SCD-Related Hospitalizations

The national weighted number of SCD-related hospitalizations per year ranged from 31,364

(2000) to 39,903 (2009). No trend was observed in the proportion of pediatric
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hospitalizations attributable to SCD. SCD-related hospitalizations accounted for less than

1% of all pediatric hospitalizations for all years, ranging from 0.43% to 0.55%. VOC as a

principal diagnosis accounted for 56% of SCD-related hospitalizations where transfusions

were administered. Other principal diagnoses accounting for more than 2% of

hospitalizations with transfusions consisted of SCD unspecified (7.8%), Hb-SS without

crisis (5.9%), and ACS/pneumonia (5.5%).

Trends in Transfusion

We assessed multiple trends in transfusion comparing the years 1997 and 2009. In 1997,

transfusions were given in 14.2% of SCD-related hospitalizations. In 2009, the percentage of

SCD-related hospitalizations with transfusion increased to 28.8% (P <0.0001). The

increasing trend was notable for all years: 14.2% (1997), 16.8% (2000), 20.4% (2003),

24.7% (2006), and 28.8% (2009). According to transfusion type, the percentage of

hospitalizations with packed red blood cell transfusions increased from 13.9% in 1997 to

27.8% in 2009 (P <0.0001). The percentage of hospitalizations with exchange transfusion

decreased from 2.1% (n = 307) in 1997 to 1.7% (n = 451) in 2009 (P <0.0001). During this

time period (1997–2009), the percentage of transfusions in all pediatric hospitalizations

(minus SCD-related hospitalizations) increased from 0.8% in 1997 to 1.7% in 2009 (P

<0.0001).

Trends in transfusion according to patient demographics and hospital characteristics are

shown in Table I. For all years, children ages 4 and under accounted for approximately 20%

of transfusions. For all years, males accounted for the majority of transfusions. Children in

families where the household income was $30,000 or less accounted for over 50% of those

transfused for all study years. According to insurance type, children insured by public

insurance made up the majority of SCD-related hospitalizations where transfusion occurred.

Most transfusions occurred in large hospitals, urban hospitals, and teaching hospitals. While

the percentage of transfusions for ACS/pneumonia as a principal diagnosis was consistently

below 10%, the percentage for VOC ranged from 45.7% to 65.6%.

Associations Between Year and Blood Transfusion

Among all SCD-related hospitalizations, there were higher odds (OR 1.23, 95% CI 1.15–

1.32) of blood transfusion for each successive study interval (3 years), after controlling for

patient demographics and hospital characteristics. In addition to assessing time trends for

overall SCD-related hospitalizations, we also conducted sub-analyses for relevant diagnoses

and surgical procedures. The OR and CI for principal diagnoses are graphically depicted

using plots (Fig. 1). Dots indicate OR and error bars indicate 95% CI. Results are adjusted

for child- and hospital-level factors. Among hospitalizations with VOC as the principal

discharge diagnosis, there were higher odds (OR 1.35, 95% CI 1.27–1.43) of transfusion for

each successive study interval. Among hospitalizations where ACS/pneumonia was a

principal diagnosis, there was a time trend such that the odds of transfusion increased over

time (OR 1.24, 95% CI 1.13–1.35). Among surgeries, there was no time trend in

transfusions. The odds of transfusion among SCD-related hospitalizations increased over

time for all age groups, with OR ranging from 1.22 to 1.36 (Fig. 2). Results are adjusted for

child- and hospital-level factors.
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Patient Demographics and Hospital Characteristics Associated With Transfusion

Associations between patient demographics, hospital characteristics, and transfusion were

assessed using the 2009 HCUP KID. In general, age had an inverse relationship with the

odds of receiving a transfusion. Compared to infants, the following age categories had

higher odds of transfusion: 13–18 years of age (OR 2.70, 95% CI 2.13–3.42), 5–12 years of

age (OR 2.90, 95% CI 2.30–3.65), and 1–4 years of age (OR 2.07, 95% CI 1.66–2.60).

Females had lower odds (OR 0.89, 95% CI 0.82–0.97) of transfusion compared to males. No

other significant associations were found between patient demographics, hospital

characteristics, and transfusion.

DISCUSSION

This is the first study to examine the inpatient trend in the use of blood transfusions among

children with SCD in a national sample of hospitals. We found that the percentage of SCD-

related hospitalizations with transfusions have significantly increased from the years 1997 to

2009, even after controlling for patient- and hospital-level factors. Our findings raise key

questions with respect to the inpatient management of pediatric SCD and needs for adequate

blood supply.

The rising trend of transfusion among pediatric SCD hospitalizations represents a novel

finding. Our results are similar to those of Draser et al. who also noted an increase in the use

of blood transfusions for acute sickle-related complications among adult patients in the UK

between the years 2000–2001 and 2008–2009 [18]. During the 10-year study period, the

percentage of SCD-related hospitalizations with transfusion increased from 17% to 25%.

The majority of hospitalizations were attributable to VOC. While the study by Draser et al.

provides comprehensive data regarding trends in transfusion for SCD, it was limited to

adults within a single institution. Our study complements this prior work by examining

trends for children at a national level.

The increasing trend in blood transfusions among hospitalized children with SCD has

several potential etiologies. First, transfusions may be rising due to increasing indications

for transfusion therapy in the acute management of SCD. The National Acute Chest

Syndrome Study Group showed that transfusion prevents the progression of lung injury [20].

The preoperative transfusion in SCD Study Group demonstrated that peri-operative simple

transfusions could help minimize surgical complications [13]. Other less evidence-based

indications for transfusion (e.g., leg ulcer, priapism) may also be partially driving the

increase in transfusion. Second, with improvements in transfusion medicine and reductions

in the risk of transfusion [14], clinicians may be more aggressively treating acute

complications of SCD with blood transfusions. Third, it is possible that inpatient

transfusions are being given as part of outpatient chronic transfusion protocols. Some

patients may have received their scheduled chronic transfusions while being hospitalized for

an acute event. From our data, it is not possible to discern transfusions given for acute

events from those given as part of maintenance of outpatient transfusion regimens. Lastly, it

is possible that trends in transfusion among children with SCD may be following secular

trends in transfusion among hospitalized children. We found that transfusions increased for

all pediatric hospitalizations in addition to SCD. Future studies should utilize medical

Raphael et al. Page 6

Pediatr Blood Cancer. Author manuscript; available in PMC 2014 November 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



records to more specifically determine reasons for performance of transfusion and assess

differences between specific SCD-related diagnoses.

Although we found that the overall use of blood transfusions increased, we did find a

decline in the use of exchange transfusions. Acute ischemic stroke is an indication for the

use of exchange transfusion in SCD. A recent study by McCavit et al. [21] found that the

incidence of hospitalization for treatment of stroke in the pediatric SCD population has

decreased by 45% between the time periods 1998 to 2000–2009. It is possible that the lower

incidence of hospitalization for stroke among children with SCD may account for the

decline in the use of exchange transfusion in our study population. It is also possible that the

concurrent decline in exchange transfusion and increase in simple transfusion may be related

to earlier identification of symptoms suggestive of ACS and aggressive treatment with

simple transfusion. Newer data have shown that early simple transfusions given to patients

showing signs and symptoms of ACS can halt its progression and alleviate the need for

exchange transfusions [22,23]. However, the decline in exchange transfusion should be

interpreted with caution given the small numbers of exchange transfusions documented for

SCD in HCUP KID.

While hydroxyurea has emerged as a major therapeutic agent for pediatric SCD, it is not

clear what role, if any, it has played in the rise of blood transfusions. It can be anticipated

that hydroxyurea may ultimately decrease transfusion use in some clinical situations [14].

Studies of hydroxyurea among children with SCD have shown reductions in VOC, ACS,

and hospitalizations [4]. Improved clinical outcomes secondary to hydroxyurea use may lead

to fewer hospitalizations for SCD which may in turn decrease overall number of

transfusions. At the same time, children responsive to hydroxyurea may increasingly

account for a smaller proportion of hospitalizations thus effectively increasing the

concentration of those with severe disease being admitted for SCD-related hospitalizations.

Therefore the percentage of hospitalizations with transfusion may artificially rise due to an

elevated concentration of children with severe disease receiving inpatient care. HCUP KID

does not contain data on patient medications or disease severity. Therefore, we could not

determine the impact of hydroxyurea or disease severity on inpatient transfusion.

According to evidence-based guidelines, transfusions are a mainstay of therapy for ACS [1].

Interestingly, we noted a lower frequency of transfusions among patients hospitalized for

ACS/pneumonia as the principal diagnosis. Several reasons may account for this finding.

First, the frequency of transfusions among principal diagnosis ACS/pneumonia may be

underestimated due to variation in coding for ACS. The ICD-9 code for ACS was introduced

in 2003 and therefore only reflected in 2006 and 2009 datasets. Prior to 2003, ACS may

have been coded as pneumonia or sickle cell (with or without crisis). Assessing trends in

transfusion for ACS may be more accurate in the future as it is more routinely used as an

ICD-9 code. It is also possible that ACS/pneumonia may be the principal indication for a

transfusion but not coded as the principal diagnosis. Alternatively, our findings may reflect

variable management of ACS among clinicians in diverse hospital settings. It is possible that

clinicians in hospitals may not be consistently using blood transfusion in the setting of ACS.
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The high proportion of transfusions among hospitalizations in which VOC was the primary

diagnosis was surprising given that transfusions are not indicated as routine treatment for

VOC. This finding is most likely due to coding errors within HCUP KID. It may be that

another condition (e.g., severe anemia or ACS) was the clinical indication for the

transfusion. However, that condition was not listed as a co-diagnosis or principal diagnosis.

Alternatively, it is also possible that the high proportion of transfusions among VOC

hospitalizations may reflect response to recent clinical trials demonstrating improved

outcomes in pre-operative settings, abnormal Transcranial Doppler findings, and aggressive

management of ACS [5,7,11–13,22,23].

From a policy perspective, the increase in transfusion use among hospitalized children with

SCD has several implications. First, strategies must be devised to expand the pool of blood

donors of African and Hispanic descent [7]. It is well-known that African-American and

Hispanics comprise a small number of total blood donors [24,25]. Patterns of RBC antigens

among African-Americans differ from the predominantly Caucasian blood donor base [7].

Among individuals with SCD, the receipt of blood products from those who are not racial/

ethnic minorities can lead to antigenic disparities resulting in significant complications such

alloimmunization and hyperhemolytic transfusion reactions [7,24,26]. These transfusion

related complications add to the rising health care costs associated with periodic and chronic

transfusions [27,28]. For many children with SCD, public programs such as Medicaid bear

the costs attributable to transfusion complications [29]. Therefore, expansion of the racial/

ethnic minority donor pool will be critical if performance of transfusion continues to rise.

Recruitment of ethnic or phenotypically matched donors may require collaborations between

the American Red Cross, regional blood donation centers, and hospitals as well as active

recruitment of donors from civic, religious institutions, and historically black colleges and

universities [30–33]. Second, monitoring must occur to prevent iron load and associated

complications from increased transfusion [34–36]. Despite the increasing availability of

chelating agents [37,38], iron overload remains a serious complication of transfusion [7,39].

Our study had several methodological limitations. Although the KID is considered to

provide a representative sample of pediatric hospitalizations, discharge information

originates from a limited number of states and is only released every 3 years. Data is not

available for interval years. The KID data set does not contain unique patient identifiers or

record linkages, thereby preventing analysis of utilization according to detailed patient

characteristics, assessment of multiple hospitalizations of the same patient, and controlling

for illness or disease severity. Therefore, we were unable to determine if the increase in

blood transfusions usage was a result of an increase in illness severity among our

population. It is also possible that a small number of patients accounted for a large

proportion of the increase in blood transfusion therapy as demonstrated in prior studies [18].

As an administrative database, KID is subject to coding errors and misclassifications.

Therefore, we could not validate that primary diagnoses were the actual indications for

transfusion. KID does not contain specific data on medications taken or infusions given

during hospitalization. Therefore, we could not assess the impact of the hydroxyurea on

transfusion or quantify units of blood given during hospitalizations.
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CONCLUSIONS

The increase in the use of blood transfusions during SCD-related hospitalizations among a

national sample of pediatric hospitalizations, even after controlling for patient and hospital-

level factors, indicates that more inquiry is needed regarding the indications for transfusion

that may explain the trends found in the study. Due to a lack of validation of primary

diagnoses as indications for transfusion, the results regarding specific indications for

transfusion must be interpreted with caution. Updated National Heart and Lung and Blood

Institute guidelines on SCD management may help to further elucidate current and emerging

indications for blood transfusion in SCD. Future studies of clinical databases should

elucidate how and why transfusions are being used in inpatient settings and the impact of

apparently more aggressive use of transfusions on morbidity, mortality, and other health-

related outcomes. In the face of rising numbers of blood transfusions in this population,

more effective strategies are needed to expand the pool of blood donors, especially among

African-Americans and Hispanics.
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Fig. 1.
Odds of blood transfusions among children with sickle cell disease (1997–2009) according

to diagnosis. Dots indicate odds ratios and error bars indicate 95% confidence intervals for

SCD-related hospitalizations overall and specific principal diagnoses (x-axis) for the time

frame 1997–2009. Results adjusted for child- and hospital-level factors. ACS, acute chest

syndrome; VOC, vaso-occlusive crisis.
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Fig. 2.
Odds of blood transfusions among children with sickle cell disease (1997–2009) according

to age. Dots indicate odds ratios and error bars indicate 95% confidence intervals for overall

study population and across age categories (x-axis) for the time frame 1997–2009. Results

adjusted for child- and hospita-level factors.
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