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Abstract

BACKGROUND: Factors associated with red blood cell (RBC), plasma, and platelet transfusions
in hospitalized neonates and children across the United States have not been well characterized.

METHODS: Data from the Kids’ Inpatient Database (KID) 2016 were analyzed. KID is a random
sample of 10% of all uncomplicated in-hospital births and 80% of remaining pediatric discharges
from approximately 4200 US hospitals. Sampling weights were applied to generate nationally
representative estimates. Primary outcome was one or more RBC transfusion procedures; plasma
and platelet transfusions were assessed as secondary outcomes. Analysis was stratified by age:
neonates (NEO; <28 d), and nonneonates (PED; >28 d and <18 y). Multivariable logistic
regression was used to estimate adjusted odds ratios (aORs) and 95% confidence intervals (95%
Cls).

RESULTS: Among 5,604,984 total hospitalizations, overall prevalence of transfusions was 1.07%
(95% ClI, 0.94%-1.22%) for RBCs, 0.17% (95% Cls, 0.15%-0.21%) for plasma and 0.35% (95%
Cl, 0.30%-0.40%) for platelet transfusions. RBC transfusions occurred among 0.43% NEO
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admissions and 2.63% PED admissions. For NEO admissions, RBC transfusion was positively
associated with nonwhite race, longer length of hospitalization, highest risk of mortality (aOR,
86.58; 95% CI, 64.77-115.73) and urban teaching hospital location. In addition to the above
factors, among PED admissions, RBC transfusion was positively associated with older age, female
sex (aOR, 1.10; 95% Cl, 1.07-1.13), and elective admission status (aOR, 1.62; 95% CI, 1.46—
1.80). Factors associated with plasma and platelet transfusions were largely similar to those
associated with RBC transfusion, except older age groups had lower odds of plasma transfusion
among PED admissions.

CONCLUSIONS: While there is substantial variability in the proportion of neonates and
nonneonatal children transfused nationally, there are several similar, yet unique, nonlaboratory
predictors of transfusion identified in these age groups.

Transfusions of red blood cells (RBCs), platelets, and plasma are critical therapies for
pediatric and neonatal populations.1:2 Among the pediatric patient population, the
indications for transfusions and associated practices vary tremendously based on a host of
factors, notably age and disease severity.34

Although nationally representative studies have described the transfusion practices and
associated factors for transfusion in the US adult population,®6 no nationally representative
studies have exclusively evaluated the epidemiology and correlates of transfusions in the
pediatric in-patient population.’Further, survey data from the AABB (formerly the American
Association of Blood Banks) and US Centers for Disease Control and Prevention offer
insight into blood component collections, distributions, and transfusions in the United
States,8-11 yet none of the surveys —to date—have focused specifically on the pediatric or
neonatal populations. A recent nationally representative study highlighted a decline in RBC
transfusions among hospitalized patients across all age ranges, with the exception of
pediatric patient admissions.12

This study uses a large, nationally representative pediatric inpatient database to characterize
the demographic and hospital-level (i.e., nonlaboratory) correlates of RBC, plasma, and
platelet transfusions in hospitalized pediatric and neonatal patients across the United States.

METHODS

Data source

Kids’ Inpatient Database (KID) designed as an initiative of the Healthcare Cost and
Utilization Project’s (HCUP) is the largest publicly available all-payer pediatric inpatient
care database in the United States!3 and has been used previously to define the epidemiology
of general and freestanding children’s hospitals in the United States.1# Both freestanding
children’s hospitals, defined as hospitals that exclusively admit children, and general
hospitals, those that admit children as well as adults, are included in KID database. The
2016 KID, sponsored by the Agency for Healthcare Research and Quality, includes data
from 4200 community hospitals across 47 participating states, ultimately encompassing a
national sample of pediatric discharges (i.e., patient age <20 y at admission). The American
Hospital Association defines a community hospital as a short-term, nonfederal, general and
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specialty hospital, excluding rehabilitation hospitals. A community hospital per this
definition could thus imply a teaching or nonteaching/nonacademic hospital.

KID randomly samples 10% of all uncomplicated in-hospital births and 80% of all other
pediatric discharges after sorting by hospital and diagnosis-related group (DRG).
Observations were self-weighted and calculated by strata, which were defined by census
division, bed size, location, teaching status, and ownership, and freestanding children’s
hospital status. Per-stratum discharge weights were created separately for newborn and
nonnewborn pediatric discharges, in proportion to the total number of newborn and
nonnewborn pediatric discharges in the American Hospital Association universe. Strata
containing fewer than two hospitals, 30 uncomplicated births, 30 complicated births, and/or
30 nonbirth pediatric discharges were combined with a stratum containing hospitals with
similar characteristics.

Each inpatient discharge record includes patient-level characteristics including
demographics (age, sex, and race), elective versus nonelective admission type, patient
outcomes (length of stay, number of diagnoses, number of procedures, and in-patient
mortality); primary insurance/payer type, up to 15 /nternational Classification of Diseases,
10th Revision, Clinical Modification (/CD-10-CM) diagnostic codes, and up to 15 /CD-10-
CM procedure codes. The hospital-level characteristics included the hospital location
classified as being urban/rural and hospital teaching status, number of beds, and freestanding
children’s hospital status versus not.

Since the KID is a deidentified publicly available data set, the Johns Hopkins Medical
Institutions Institutional Review Board exempted this study from review. This study was
conducted in accordance with the HCUP data use agreement guidelines.

Study outcomes

The primary outcome was the percentage of hospitalizations with one or more allogenic
RBC transfusion procedures, determined as having at least one of the following /CD-10
procedure codes: 30233N1, 30233P1, 30243N1, 30243P1, 30253N1, 30263N1, or 30623P1.
Secondary outcomes were the percentage of hospitalizations with one or more plasma
transfusions (/CD-10procedure codes 30233R1, 30243R1, 30253R1, and 30253R1) and the
percentage of hospitalizations with one or more platelet transfusions (/CD-10 procedure
codes 30233J1, 30233K1, 30233L1, 30233M1, 30243J1, 30243K1, 30243L1, and
30243M1). All outcomes were measured as a binary variable: having received at least one
transfusion during the course of the hospitalization versus none. Data on the number of
units/volume transfused were not available in the database.

Statistical analyses

This analysis was restricted to patients aged 18 years or less at admission. As the unit of
analysis is a hospital discharge, an individual patient may be included multiple times in the
database. To derive national estimates, discharge weights provided by HCUP were used. All
reported estimates are weighted unless specified otherwise. Taylor series linearization was
used to estimate standard errors. All data analyses were performed using “svy” commands in
Stata/MP, version 15.2 (Statacorp).
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Neonatal (NEO; age <28 d) and nonneonatal childhood (PED; age >28 days and <18 years)
admissions were examined separately. Characteristics of the study population examined
were further stratified by RBC transfusion status using descriptive statistics. The percentage
of hospitalizations with one or more RBC transfusion procedure, one or more plasma
transfusion, and one or more platelet transfusion were separately examined by individual-
level and hospital-level factors. Estimates with low cell counts (n < 10) were not reported in
accordance with HCUP’s privacy policies. The NEO admissions included both complicated
and uncomplicated newborn births as well as neonatal admissions. In a sensitivity analysis,
we looked at RBC transfusion patterns specifically among the high-risk neonatal births. We
identified this subgroup by a composite variable using the HCUP KID identifier variable for
complicated births (110_UNCBRTH) and in hospital birth (110_HOSPBRTH) as well as
restricted the analysis to hospitalizations with a length of stay of more than 3 days. Another
sensitivity analysis was conducted by freestanding childrens hospital status.

For each outcome, adjusted odds ratios (aORs) and 95% confidence intervals (95% CIs)
were estimated using multivariable logistic regression. Multivariable models included all
covariates determined either to be clinically relevant a priori and/or significant in univariate
models (two-sided p value < 0.05). The multivariable models for NEO admissions included
sex, race, length of hospital stay (days), all patient refined diagnosis-related group (APR-
DRG) mortality risk subclass, primary payer, hospital location, and teaching status. The
multivariable models for PED admissions included age group, sex, race, elective admission
status, length of hospital stay (days), APR-DRG mortality risk subclass, primary payer,
hospital location, and teaching status. Highly collinear factors were excluded from
multivariable models (e.g., APR-DRG risk severity subclass being collinear with APR-DRG
mortality risk subclass). Elective admission status was not included as a covariate in the
neonatal models since elective admissions were rare in neonates (only 0.72% admissions
were reported as elective in NEO admissions as compared to 19.6% elective PED
admissions). An available case approach was used to handle missing data (i.e., discharges
that were missing any examined factors were excluded from the multivariable models)
(Table S1, available as supporting information in the online version of this paper).

This study analyzed data from 2,634,337 unweighted hospitalizations recorded in 2016,
representative of 5,604,984 weighted pediatric hospitalizations in 2016 in the United States.
NEO (age <28 d) admissions included births and were the most common of all ages
(70.83%). Table 1 shows characteristics of the study population among NEO and PED
admissions. Among PED admissions, 80.10% were non-elective. The all-cause mortality
rate among NEOs was 0.36%, and 0.39% among PEDs. The median length of hospital stay
for NEO and PED admissions were 2 days (interquartile range [IQR], 2-3 days) and 2 days
(IQR, 1-4 days), respectively.

Among all pediatric (PED and NEO) admissions, overall 1.07% (95% Cl, 0.94%-1.22%)
received one or more RBC transfusion, 0.17% (95% CI, 0.15%-0.21%) received one or
more plasma transfusion, and 0.35% (95% CI, 0.30%-0.40%) received one or more platelet
transfusion (Fig. 1). Among NEO admissions alone, 0.43% received an RBC transfusion,
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0.10% received a plasma transfusion, and 0.14% received a platelet transfusion (Tables 2, 3,
and 4). Among PED admissions, 2.63% received an RBC transfusion, 0.35% received a
plasma transfusion, and 0.85% received a platelet transfusion (Tables 2, 3, and 4). On a
sensitivity analysis assessing the subgroup of neonates stratified as complicated births whose
length of stay was more than 3 days only (as defined above in methods), the percentage of
hospitilizations with RBCs transfused increased from 0.43% in all neonatal births to 2.71%
of hospitilizations involving complicated neonatal births (Table 5). Likewise, the percentage
of patients receiving platelet transfusions increased from 0.14% to 0.78%, and plasma from
0.10% to 0.44%.

Among NEO admissions, RBC transfusion was more common among nonwhite races
compared to white race (African Americans vs. whites (aOR, 1.67; 95% Cl, 1.46-1.91),
Hispanics versus whites (aOR,1.42; 95% Cl, 1.22-1.64), and Asian or Pacific Islanders
versus whites (aOR, 1.36; 95% CI, 1.16-1.58) (Table 2). Besides these racial differences,
RBC transfusion was more common among higher APR-DRG risk mortality subclasses
(aOR, 86.58; 95% CI, 64.77-115.73) for APR-DRG risk mortality Subclass 4 versus
Subclass 1 and those admitted to urban teaching hospitals. Median hospital length of stay
was higher among those who received a blood transfusion as compared to those who did not
for both NEO (51 days, IQR, 18-85 vs. 2 days, IQR, 2-3) and PED (6 days, IQR, 3-13 vs. 2
days, IQR 1-4; p < 0.001; Table 2). Urban teaching hospitals had the highest prevalence of
RBC transfusions (2.96%) among PED, as compared to 0.93% in urban nonteaching
hospitals and 0.57% in rural hospitals. The aOR of RBC among NEO use in urban
nonteaching hospitals as compared to urban teaching hospitals was 0.72 (95% CI, 0.55-
0.94) and rural hospitals as compared to urban teaching was 0.22 (95% ClI, 0.12-0.43).

Among the PED admissions, many of the associations were similar to those observed in
NEO admissions (Table 2). Specifically, the racial association with RBC transfusion showed
similar trends with higher prevalence of a transfusion in African Americans versus whites
(aOR, 1.81; 95% CI, 1.61-2.04); Hispanics versus whites (aOR, 1.38; 95% Cl, 1.20-1.58)
and Asian or Pacific Islanders versus whites (aOR, 1.66; 95% CI, 1.40-1.99). In addition,
elective admissions were associated with a higher odds of RBC transfusion (aOR, 1.62; 95%
Cl, 1.46-1.80). Among PED age groups, compared to infants as reference age, admissions
among early childhood ages (aOR, 1.38; 95% CI, 1.27-1.49), middle childhood ages
(adjOR, 1.35; 95% Cl, 1.23-1.49), and adolescents (aOR, 1.25; 95% Cl, 1.14-1.38) had
higher odds of RBC transfusion. Unlike NEO admissions, female sex was associated with a
higher odds of RBC transfusion among PED admissions (aOR, 1.10; 95% ClI, 1.07-1.13).
PED admissions that had Medicaid as the primary insurance payer had the lowest prevalence
of RBC transfusions (2.46%); those admissions that were paid by another mechanism
including other insurance groups, self-pay, and no-charge patients had significantly higher
odds of RBC transfusion (Table 2).

For both NEO and PED admissions, the factors associated with plasma transfusions were
similar to those associated with RBC transfusion (Table 3). However, among NEO, female
sex was associated with lower odds of plasma transfusion (aOR, 0.87; 95% CI, 0.80-0.95).
In contrast to RBC transfusions, all older age groups were associated with lower odds of
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plasma transfusion as compared to infants, with admissions among toddlers having the
lowest prevalence of plasma transfusions (aOR, 0.57; 95% CI, 0.46-0.71).

Again, the factors associated with platelet transfusions for neonates and children were
similar to those associated with RBC transfusions for both NEO and PED admissions (Table
4). Unlike RBC transfusions, female sex was independently associated with lower odds of
platelet transfusions (aOR, 0.91; 95% CI, 0.85-0.97). For PED admissions, increasing age,
increasing APR-DRG risk mortality subclass, longer length of stay, elective admission
versus nonelective, and hospitalization at an urban teaching hospital versus urban
nonteaching and rural hospitals were all associated with a higher odds of platelet
transfusion. However, female sex (aOR, 0.97; 95% CI, 0.92-1.03) was not associated with
platelet transfusion.

In a subgroup analyses restricted to hospitalizations at freestanding children’s hospitals, the
overall prevalence of RBC transfusion was 4.29% (95% Cl, 3.46%-5.30%) and 0.73% for
plasma (95% Cl, 0.55%-0.96%) and 1.67% for platelet transfusions (95% Cl, 1.33%
-2.09%) (Fig. 1) The largest proportion of hospitalizations at freestanding children’s
hospitals was among adolescents (25.26%) and those paid primarily with Medicaid
(51.78%). None of the freestanding children’s hospitals were under nonfederal government
control or were located in rural locations. There were no rural teaching hospitals. The overall
prevalence of RBC transfusion in nonfreestanding children’s hospitals was 0.69% (95% Cl,
0.61%-0.78%), 0.11% for plasma transfusions (95% CI, 0.09%-0.13%), and 0.19% for
platelet transfusions (95% CI, 0.17%-0.22%) (Fig. 1).

Table S2, available as supporting information in the online version of this paper, shows the
study population characteristics of inpatient hospitalizations at freestanding children’s
hospitals in the 2016 KID. Among NEO admissions to freestanding children’s hospitals,
African American race, length of stay, and increasing APR-DRG risk mortality subclass
were associated with increased odds of RBC transfusion (Table S3, available as supporting
information in the online version of this paper). Among PED admissions analyzed by
different age groups, toddlers had higher odds of RBC transfusion as compared with infants
(aOR, 1.25; 95% ClI, 1.11-1.40; Table S4, available as supporting information in the online
version of this paper). African American, Hispanic, and Asian or Pacific Islander race/
ethnicity as compared to white race; elective admission; increased length of stay; increased
APR-DRG risk mortality subclass; and hospitalizations paid primarily by self-pay or no
charge/other payment as compared to hospitalizations with Medicaid as primary payer were
also associated with higher odds of RBC transfusion. Hospitalizations at urban teaching
hospitals were not independently associated with higher odds of RBC transfusion at
freestanding children’s hospitals (aOR, 0.28; 95% CI, 0.08-1.01). In nonfreestanding
children’s hospital, among all ages, being nonwhite, APR-DRG risk mortality status, length
of stay, were associated with higher odds of receiving an RBC, while being at a rural
hospital was associated with lower odds of receiving an RBC. Among PEDs, elective
admission was also significantly associated with higher odds of receiving an RBC.

Transfusion. Author manuscript; available in PMC 2021 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Goel et al. Page 7

DISCUSSION

Multiple clinical practice guidelines for RBC, plasma, and platelet transfusion practices in
adults have been published over the past decade.15-20 While lagging behind adult
recommendations, there are several recently published pediatric transfusion guidelines and
consensus recommendations including those from the British Society of Hematology, the
Australian Society of Blood Transfusion, and the Transfusion and Anemia Expertise.?1~23 In
addition, transfusion guidelines have been developed for perioperative patient blood
management and injured children.242> However, most of these recommendations have
focused on laboratory parameters and thresholds as determinants of transfusion decisions.
However, despite these recommendations, there is a wide variability in transfusion practices.
26 This suggests that there likely are other nonlaboratory determinants of transfusion
decisions in neonates and older children. Understanding the epidemiology of current
transfusion practices and the various patient- and hospital-level correlates of transfusion
decisions is foundational to understanding the immense heterogeneity in pediatric and
neonatal transfusion practices and aim to standardize these critical interventions.3

This analysis of a nationally representative, pediatric-specific, inpatient database, represents
over 5 million neonatal and nonneonatal hospitalizations, including approximately 500,000
hospitalizations in freestanding children’s hospitals. The findings offer insight into the
epidemiology of in-hospital pediatric and neonatal transfusion practices, including various
patient and hospital-level correlates of RBC, plasma, and platelet transfusions in
hospitalized neonatal and pediatric patients.

NEO RBC transfusions were associated with nonwhite race (higher prevalence of
transfusions in African-Americans, Hispanics, and Asian and Pacific Islanders as compared
to whites), longer length of stay, higher APR-DRG risk mortality subclass, and admission to
an urban teaching hospital (rather than an urban nonteaching or rural hospital). Among PED
admissions, RBC transfusions were associated with female sex, older childhood and
adolescent age groups, elective admission type, length of stay, higher APR-DRG risk
mortality subclass, and hospitalization at an urban teaching hospital. Pertinent to insurance
status, primary payment by Medicaid was associated with lower rates of blood transfusion
than private insurance, self-pay, or other payment types. While insurance status has been
shown to be an important socioeconomic predictor of access to health care, it must be noted
that this analysis does not account for the secondary insurance payer mix, as it was not
available for 201627; thus, this study may not accurately capture the effect of the insurance
status of transfusion decisions.13

While pediatric transfusion medicine is not just about transfusing “little adults” or
administering “little volumes,” many of the factors associated with RBC transfusions (e.g.,
female sex, minority race/ethic status, severity of illness, increased length of stay, etc.) are
similar to those of adults.® Unlike adults, however, RBC transfusion in children and neonates
were more common in urban teaching hospitals. Multiple prior small or single-center studies
in children have highlighted significant variation in clinical transfusion practices and
hemoglobin transfusion thresholds.26
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Hemostatic blood products, such as plasma and platelets, are frequently transfused to
children more commonly as prophylactic transfusions to prevent bleeding as well as less
commonly as therapeutic interventions to control bleeding.28:29 The factors associated with
plasma transfusions and platelet transfusions were similar to those in both NEOs and PEDs.
Notably, however, African American race was not associated with platelet transfusions
among NEOs; and older age groups were associated with lower odds of plasma transfusion
among PED admissions as compared to infants.

This study also highlights the prevalence of any blood transfusion during a hospitalization in
freestanding children’s hospitals; while the overall RBC transfusion prevalence across all
hospitalizations in children was approximately 1.1%, RBC transfusions at freestanding
children’s hospitals alone were approximately fourfold higher than hospitalizations in other
hospital types combined. While freestanding children’s hospitalizations had about 10% of all
the burden of total number of PED and NEO hospitalizations nationally, they accounted for
about 40% of all hospitalizations with transfusions and the overall utilization of RBC
transfusions. This likely reflects the greater acuity of cases that are treated in freestanding
children’s hospitals including those in pediatric and neonatal intensive care units and Level 1
trauma centers, as well as more complex surgical procedures being performed at these
centers. Similar findings have been reported previously by Slonim et al.3? using data from
pediatric patients who were hospitalized at 35 academic children’s hospitals that are
members of the Pediatric Health Information System. Other than AABB data by Sapiano et
al.11 reporting the number of children receiving plasma and platelet concentrates over a
single year, few studies have examined the epidemiology of plasma and platelet transfusions
in pediatric patients as a whole. Many subgroups have been described. For example, 3.4% of
critically ill children receive a plasma transfusion, and 3.3% receive a platelet transfusion
during their admission.28:29

Several studies have reported data on demographic and epidemiologic characterization of
transfusion recipients. These have largely been derived from population-based studies or
lookback investigations in adults. Few studies to date have evaluated children.22:31 The
Recipient Epidemiology and Donor Evaluation Study—II1 program, which evaluated RBC,
platelet, and plasma transfusions in 12 hospitals focusing on the laboratory parameters,
sociodemographic data, and transfusion reactions, included a small number of pediatric and
neonatal transfusions.”-32 The National Institutes of Health recognizes this large gap in
research and recently funded the Recipient Epidemiology and Donor Evaluation Study—IV-
Pediatrics to improve transfusion safety in infants and children. This paper should begin to
assist in the understanding of transfusions and their occurence in neonates and children at
the national level and offer insights into differences in transfusion practice in freestanding
children’s hospitals versus other hospitals.

This study has several limitations. Given the cross-sectional nature of this analysis, all
reported associations should be descriptively interpreted. The unit of analysis is a single
hospitalization and not a specific patient; therefore, a single patient may be represented in
multiple observations. The likelihood of a patient being readmitted cannot be predicted.
Thus, it was not possible to determine if any transfusions recurred in the same patient. Due
to missing data, estimates for race and its prediction on blood component transfusions may
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be biased. Additionally, given the available case approach, multivariable models may be
biased due to missing data. Laboratory and medical record data including the indication for
transfusion and the number of units transfused were not available. /CD-10-CM coding was
introduced widely in the fourth quarter of 2015, meaning its use was relatively new at the
time of these data and the codes used in this analysis have not yet been validated against
1CD-9-CM codes or blood bank transfusion records. Finally, this analysis was limited to
inpatient transfusions, which may not be broadly generalizable to all pediatric patients,
particularly those in an outpatient setting.

Nationally representative data evaluating factors associated with transfusions in the neonatal
and pediatric inpatient population are limited, but this study shows substantial heterogeneity
in neonatal and transfusion practices. While the decision to transfuse is thought to be based
on temporally proximal laboratory data, this study suggests that there are also key
nonlaboratory correlates of transfusion in children and neonates.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Prevalence of one or more red blood cell (RBC), platelet, and plasma transfusion during
inpatient hospitalizations for all pediatric age groups and hospital types and stratified by all
neonates (NEO), neonates restricted to complicated hospital births whose length of stay was

greater than 3 days, and non-neonates (PED) and freestanding and nonfreestanding

children’s hospitals in the 2016 Kid’s Inpatient Database (KID).
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