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Children differ from adults during their growth and
development. However, today, targeting specific age
groups in human studies remains rare (1). Despite efforts
in considering the special needs of pediatric patients and
improving their targeting efficiency, therapeutic guidelines
and consensuses are largely extrapolated from adult studies
and reports (2). According to the study of the Canadian
Laboratory Initiative on Pediatric Reference Intervals,
children have a different biochemical profile than adults,
except for bicarbonate. Therefore, more researches and
studies are necessary to reveal the unique characteristics of
the pediatric patient population.

Transfusions of red blood cells (RBCs), platelets, and
plasma (3) are essential for patients with life-threatening
conditions, is one of the most frequently used and
critical therapies and is also associated with risks, such
as transfusion-related acute lung injury, which is the
onset of respiratory distress and acute lung injury due to
blood product transfusion (4). Currently, the effect of the
advocated restrictive transfusion strategy is still not yet
completely understood (5). Among the pediatric inpatient
population, the indications for blood transfusion and
associated practices vary tremendously based on a variety
of factors, notably, age and disease type and severity (6).
Currently, some countries, such as the United Kingdom,
the United States and Italy, etc., have developed guidelines
or consensus recommendations on transfusions for fetuses,
neonates or children (2,7,8). However, these transfusion
recommendations are inconsistent, and there is also
an immense heterogeneity in transfusion practice. In
another word, the current blood transfusion guidelines for
pediatric patients are still in contention. Understanding
the epidemiology of blood transfusion in clinical practice is
essential to standardizing transfusion decisions. However,
references for the epidemiology of blood transfusion in
children are lacking. Especially in China, which is the
world’s most populous country, the epidemiology of blood
transfusion in hospitalized children has not been well
characterized. Considering the large population, there is
a lack of studies or reports on the prevalence and disease
spectrum of blood transfusion recipients in pediatric
inpatient population to assist with formulating the national
blood transfusion guidelines for children. Currently, the
strategies for transfusion therapy of Chinese pediatric
patients in the clinical practice are mainly dependent on
blood transfusion guidelines from other countries and
adults and are made on an empirical basis.

This report described and analyzed epidemiological
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characteristics of blood transfusion in hospitalized children
based on a large, nationally pediatric patient database in
China. The data on blood transfusion of pediatric patients
obtained may provide a foundation for the development of
evidence-based blood transfusion strategies for pediatric
patients.

The Futang Research Center of Pediatric Development
(FRCPD) is the first nonprofit social service organization
engaging in pediatric development research in China under
the supervision and management of the Ministry of Civil
Affairs of China and commits itself to establish the service
platform of “Care for Children in China” (http://www.
futang.org/about/fu-tang-jie-shao.htm). The FRCPD
includes 32 provincial and municipal medical institutions,
forming an extensive pediatric diagnosis and treatment
system. This study selected inpatients’ medical records
home page data from FRCDP’s 22 tertiary children’s
hospitals covering the period from January 1, 2016, to
December 31, 2018, and extracted information including
patient name and disease code, age, sex, primary diagnosis,
length of stay, and treatment information related to
allogenic blood transfusion. In the study, 1 unit of blood
was defined as blood products from 200 mL whole blood,
including RBCs, plasma or platelets; 1 unit of plasma =
100 mL plasma, and 1 unit of platelet treatment = 10 units
of platelets. Medical records were excluded if they met
any of the following conditions: (I) The age of the patient
at diagnosis was older than 14 years; (II) The length of
hospital stay was 0 days; (III) Key data such as patient sex,
age, diagnosis or blood transfusion records were missing.
Eventually, the home page data of the medical records
of 3,076,096 hospitalized patients were collected. A total
of 190,559 patients were treated with allogenic blood
transfusion. That was, among all patients, 190,559 patients
received at least 0.5 units of RBCs, 0.5 units of plasma
or 0.5 units of platelet treatment transfusion during their
hospitalization. The cohort characteristics of the children
are presented in Table S1.

The epidemiology of blood transfusion was reported for
the whole cohort and also stratified by sex, age group, and
geographic region. The hospitalized patients were divided
into five groups based on their age: 0-28 days (neonate);
29 days to <1 year (infant); 1-3 years (toddler); 4-6 years
(preschool child); and 7-14 years (school-age child). The
22 children’s hospitals included in our study were grouped
according to the seven major geographical regions in
China, namely, among Northeast China, North China, East
China, South China, Central China, Northwest China and
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Southwest China.

The Tenth Revision of International Statistical
Classification of Diseases and Related Health Problems
(World Health Organization, ICD-10) codes (https://
www.cdc.gov/nchs/data/dvs/2e_volumel_2013.pdf), were
used as the selection criteria for the primary screening
and classification of disease. The primary outcome of each
inpatient was determined as having at least one of the
following ICD-10 procedure codes. All statistical analyses
were performed using SAS JMP Pro to version 15.1 (SAS
Institute, Cary, NC, USA). The continuous variables
were displayed as mean = standard deviation (x+SD).
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The categorical variables were described as frequencies
(percentages).

In this study, the total number of discharged pediatric
patients nationwide was 3,076,096. The number of
pediatric patients who received blood transfusion was
190,559, with an overall prevalence of transfusions of
6.19% (95% CI: 6.17-6.22%), which was higher than
the pediatric transfusions prevalence in the United States
(1.07-1.59%) based on a nationally representative study
reported by Goel ez al. (9). The prevalence of transfusions
in hospitalized children from FRCDP’s 22 tertiary
children’s hospitals varied between 0.33% and 26.89%

Table 1 The prevalent characteristics of blood transfusion during pediatric inpatient hospitalizations from 2016-2018

Transfusion (%, n/n or n)

Categories 95% Cl
2016 2017 2018 Total
Overall 6.30% (60,328/957,703) 6.17% (64,073/1,038,110) 6.12% (66,158/1,080,283) 6.19% (190,559/3,076,096) 6.17%, 6.22%
Sex
Male 5.96% (35,790/600,756) 5.85% (37,809/646,009) 5.86% (39,180/668,404) 5.89% (112,779/1,915,169) 5.86%, 5.92%
Female 6.87% (24,538/356,947) 6.70% (26,264/392,101) 6.55% (26,978/411,879) 6.70% (77,780/1,160,927) 6.65%, 6.74%
Age
0-28d 10.83% (12,779/118,025)10.85% (12,716/117,238)10.00% (11,025/110,262) 10.57% (36,520/345,525) 10.47%, 10.67%
29d-<1y 7.02% (8,463/120,574) 7.13% (8,662/121,413) 7.05% (8,019/113,766) 7.07% (25,144/355,753)  6.98%, 7.15%
1-3y 4.83% (18,424/381,369) 4.95% (21,087/425,894) 5.01% (21,805/435,894) 4.94% (61,316/1,242,372) 4.90%, 4.97%
46y 5.94% (10,338/174,119) 5.60% (10,453/186,724) 5.92% (12,437/210,032) 5.82% (33,228/570,875) 5.76%, 5.88%
7-14y 6.31% (10,324/163,616) 5.97% (11,155/186,841) 6.10% (12,872/211,114) 6.12% (34,351/561,571)  6.05%, 6.18%
Region
Northeast China  2.34% (514/21,919) 2.66% (642/24,097) 2.22% (563/25,318) 2.41% (1,719/71,334) 2.30%, 2.52%
North China  11.44% (18,525/161,944)13.95% (23,788/170,484)14.39% (25,732/178,803) 13.31% (68,045/511,231) 13.22%, 13.40%
East China 5.01% (13,353/266,341) 4.55% (13,532/297,382) 4.11% (12,483/303,687) 4.54% (39,368/867,410) 4.49%, 4.58%
South China 4.52% (3,441/76,049) 4.86% (4,154/85,549) 5.66% (5,458/96,353) 5.06% (13,053/257,951)  4.98%, 5.14%

Central China
Northwest China 3.78% (5,532/146,270) 3.91% (5,996/153,211)

Southwest China 10.86% (8,486/78,164)  6.07% (4,954/81,615)

Rank’
No. 1 Q21: 4,587 (62.67%)  Q21: 4,832 (63.07%)
No. 2 Z51: 4,166 (16.34%) Z51: 4,820 (15.80%)
No. 3 D61: 3,324 (66.95%) D61: 3,866 (69.49%)
No. 4 J18:2,540 (1.69%)  CO91: 2,651 (29.46%)

5.07% (10,487/207,016) 4.88% (11,007/225,772) 4.71% (11,382/241,832)
3.87% (5,672/146,532)
5.55% (4,868/87,758)

4.87% (32,876/674,620)  4.82%, 4.92%

3.85% (17,190/446,013)  3.80%, 3.91%
7.40% (18,308/247,537)  7.29%, 7.50%
751:5,429 (15.17%)  Z51: 14,415 (15.71%) -
Q21: 4,921 (60.74%)  Q21: 14,340 (62.13%) -
D61: 3,693 (71.79%)  D61: 10,883 (69.44%) -

C91: 2,944 (31.72%) C91: 7,942 (30.57%) -

Table 1 (continued)
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Transfusion (%, n/n or n)

2018

Total

95% Cl

Categories
2016 2017
No. 5 C91: 2,347 (30.48%) J18: 2,312 (1.44%)
No. 6 P23: 2,136 (8.13%) P23: 1,922 (7.77%)
No. 7 P59: 1,715 (7.64%) D56: 1,842 (81.83%)
No. 8 D56: 1,597 (77.41%) PO7: 1,598 (19.15%)
No. 9 P07: 1,329 (17.47%) P59: 1,436 (6.36%)
No. 10 P22: 1,194 (30.43%) K56: 1,295 (12.15%)
No. 11 P55: 1,119 (24.63%) P22: 1,174 (30.23%)
No. 12 K40: 1,049 (3.10%) D69: 1,091 (4.71%)
No. 13 P43: 1,030 (20.31%) Q24: 1,076 (38.32%)
No. 14 K56: 868 (8.65%) P43: 1,022 (19.65%)
No. 15 D69: 860 (4.01%) P55: 1,010 (19.80%)

J18: 2,594 (1.64%)
D56: 2,144 (85.32%)
PO7: 1,545 (19.44%)
P23: 1,265 (6.91%)

J35: 1,253 (9.27%)
K56: 1,204 (13.04%)
D69: 1,052 (4.36%)
P59: 1,026 (4.87%)
P22: 1,020 (24.99%)
K40: 1,015 (2.61%)

P43: 928 (18.80%)

J18: 7,446 (1.59%)
D56: 5,583 (81.78%)
P23: 5,323 (7.68%)
PO7: 4,472 (18.71%)
P59: 4,177 (6.32%)
P22: 3,388 (28.50%)
K56: 3,367 (11.25%)
J35: 3,016 (8.94%)
D69: 3,003 (4.37%)
P43: 2,980 (19.59%)
P55: 2,911 (20.14%)

*, the disease spectrum of blood transfusion was described and ranked by calculating the total numbers of patients with the different
types of diseases based on ICD-10 coding. ICD-10: Z51 (Other medical care), Q21 (Congenital malformations of cardiac septa), D61 (Other
aplastic anemias), C91 (Lymphoid leukemia), J18 (Pneumonia, organism unspecified), D56 (Thalassemia), P23 (Congenital pneumonia),
P07 (Disorders related to short gestation and low birth weight, not elsewhere classified), P59 (Neonatal jaundice from other and
unspecified causes), P22 (Respiratory distress of newborn), K56 (Paralytic ileus and intestinal obstruction without hernia), J35 (Chronic
diseases of tonsils and adenoids), D69 (Purpura and other hemorrhagic conditions), Q43 (Other congenital malformations of intestine), P55
(Hemolytic disease of fetus and newborn). K40 (Inguinal hernia), Q24 (Other congenital malformations of heart). Z51: Z51.0 (Radiotherapy
session), Z51.1 (Chemotherapy session for neoplasm), Z51.2 (Other chemotherapy, Maintenance chemotherapy NOS), Z51.3 (Blood
transfusion (without reported diagnosis)), Z51.4 (Preparatory care for subsequent treatment, not elsewhere classified), Z51.5 (Palliative
care), Z51.6 (Desensitization to allergens), Z51.8 (Other specified medical care), Z51.9 (Medical care, unspecified). ICD, The Tenth Revision
of International Statistical Classification of Diseases and Related Health Problems. Cl, Confidence Interval.

(Table S2). The epidemiological characteristics of pediatric
inpatients treated with blood transfusions from 2016-2018
are summarized in Table 1. More blood transfusions were
performed in males [112,779; 5.89% (95% CI: 5.86-5.92%)]
than in females [77,780; 6.70% (95% CI: 6.65-6.74%)], in
2016, 2017 and 2018. The majority of blood transfusion
therapies were in hospitalized children that were 0-28 days
old [10.57% (95% CI: 10.47-10.67%)], which was lower
than the neonatal transfusion rate in China reported by Sun
et al. (13.02%) (10). This may be due to the differences in
the pediatric sample population. The lowest prevalence of
transfusions was in the group of children 1-3 years of age
[4.94% (95% CI: 4.90-4.97%)].

Subsequently, this study also revealed that the prevalence
of transfusions in hospitalized children varies in different
regions of China. The highest prevalence of transfusions
was in North China [13.31% (95% CI: 13.22-13.40%)],

whereas the lowest prevalence of transfusions was in

© Translational Pediatrics. All rights reserved.

Northeast China [2.41% (95% CI: 2.30-2.52%)]. The
prevalence of transfusions in other regions was between
3.85% and 7.40%. Moreover, while most regions maintained
a fairly stable prevalence of transfusions, North China
seemed to gradually but significantly increase its blood use
over the three-year period studied. One explanation could
be that there are more critically ill children in the pediatric
hospitals of North China; for example, the representative
hospital of Beijing Children’s Hospital, Capital Medical
University, is one of the largest general pediatric hospitals
in China, with a transfusion prevalence of 9.84%. It is
also possible that blood availability is a factor, with blood
being less available in Northeast China, for instance,
compared to North China. More reasons for this increase
need to be further studied. More importantly, there may
be some differences in blood transfusion strategies, such
as blood transfusion thresholds and evaluations of curative
effects after blood transfusion, in hospitalized children of
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Figure 1 Association of prevalence of transfusions with length of stay in hospitalized children. R2=0.949; Y = -0.003209 + 0.01242 * X, F (1,

58) = 1,083.74, P<0.001.

different sexes, ages and regions. In summary, sex, age and
regional characteristics related to blood transfusion should
be considered and investigated when formulating blood
transfusion guidelines for the pediatric inpatient population,
particularly in China.

In addition, the association of the prevalence of
transfusions and the length of hospitalization was analyzed
by Pearson correlation analysis. Among 3,076,096 total
pediatric hospitalizations, 6,395 inpatient hospitalizations
were excluded because the length of hospital stay exceeded
60 days. Nevertheless, the prevalence of transfusions
was elevated along with an increase in the length of
hospitalization (R2=0.949, Figure I). One explanation could
be that the length of hospitalization is related to more
critical illness, blood system diseases, coagulation disorders,
anemia, etc.

Furthermore, we analyzed the disease rank of blood
transfusion for these 190,559 pediatric patients according
to the total numbers of patients with the different types
of diseases based on ICD-10 coding. This information is
essential to assist the formulation of transfusion guidelines
regarding the understanding of the disease spectrum in
pediatric patients treated with blood transfusion; however,
there are few related either inside or outside of China. The
top fifteen diseases in hospitalized children treated with
blood transfusion are shown in Zuble 1. The ICD-10 codes
of the overall top fifteen diseases were Z51 (Other medical
care), Q21 (Congenital malformations of cardiac septa),
D61 (Other aplastic anemias), C91 (Lymphoid leukemia),
J18 (Pneumonia, organism unspecified), D56 (Thalassemia),
P23 (Congenital pneumonia), P07 (Disorders related

© Translational Pediatrics. All rights reserved.

to short gestation and low birth weight, not elsewhere
classified), P59 (Neonatal jaundice from other and
unspecified causes), P22 (Respiratory distress of newborn),
K56 (Paralytic ileus and intestinal obstruction without
hernia), J35 (Chronic diseases of tonsils and adenoids), D69
(Purpura and other hemorrhagic conditions), Q43 (Other
congenital malformations of intestine) and P55 (Hemolytic
disease of fetus and newborn). The present overall results
were basically consistent across 2016, 2017 and 2018, except
for No. 12--K40 (Inguinal hernia) in 2016 and No. 13--
Q24 (Other congenital malformations of the heart) in 2017.
Compared with the previous study (11), not all of the top
diseases identified in inpatients require blood transfusion
therapy. More attention should therefore be paid to
establishing appropriate blood transfusion strategies and
guidelines for these diseases for pediatric patients.

In addition, the most common diseases in different
age-sex groups were different, as shown in Figure 2. The
disease spectrum of blood transfusion in children varied
greatly with age and sex. Children for 0-28 days old were
mainly treated by blood transfusions for P23 (Congenital
pneumonia) and P59 (Neonatal jaundice from other and
unspecified causes) etc., certain conditions originating
in the perinatal period. Children between 29 days and
<1 year old were mainly treated by blood transfusions
for J18 (Pneumonia, organism unspecified) and Q21
(Congenital malformations of cardiac septa), etc. Children
aged 1-3 years old were mainly treated by blood transfusions
for Q21 and Z51 (Other medical care), etc. Z51 and Z61
(Problems related to negative life events in childhood) were
the most common diseases requiring blood transfusion in
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Figure 2 Population pyramid graph for the age-gender specific distribution of hospitalized children treated with blood transfusion.

the older population among the other age groups, showing
that there was a greater range of transfusion diseases
necessitating transfusion among children. Moreover, males
had a higher proportion than females for P22 (Respiratory
distress of newborn) among children aged 0-28 days old,
J18 (Pneumonia, organism unspecified) and Q43 (Other
congenital malformations of intestine) among children aged
29 days to <1 year old, K40 (Inguinal hernia) and Q43 (Other
congenital malformations of intestine) among children
aged 1-3 years old, and J35 (Chronic diseases of tonsils and
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adenoids) and N43 (Hydrocele and spermatocele) among
children aged 46 years old. The distinct disease spectra of
blood transfusion patients in different sex and age groups
reflect the different characteristics of these groups, may
highlight features of children’s growth and development
different from those of adults and indicate the need for
medical attention focused on different blood transfusion
strategies and guidelines.

In conclusion, this national retrospective study described
and evaluated the epidemiology of blood transfusions
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stratified by sex, age, and region in an exclusively pediatric
inpatient population in China. This study reveals a
relatively high transfusion prevalence in the Chinese
pediatric inpatient population. There are considerable
differences in the prevalence and disease spectrum of
transfusions between different sexes and among different
ages or regions. These findings provide baseline data
for establishing effective blood transfusion strategies
for children in clinical practice, targeted at susceptible
populations in China.

There are several limitations to this study that need to be
mentioned. First, our study included 22 tertiary children’s
hospitals, nearly covered the major cities in Mainland
China, so the data can be considered comprehensive and
the results representative as a national study. However,
our study still has limitations in terms of representations,
especially in seven representative regions of China. Data
used for this study did not include some hospitals in several
provinces or regions in China, such as Hong Kong, Macao,
Taiwan, Liaoning, Yunnan and Helongjiang, as data from
these provinces or regions were not collected. Second,
although the total number of transfusions evaluated was
extremely large, the dataset was weighted toward academic
medical centers and large general pediatric hospitals. Third,
the use of study data in evaluating indicators associated
with prevalent characteristics of blood transfusion in the
pediatric inpatient population was limited.
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