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Abstract
Introduction: In recent years, resource-saving handling of 
allogeneic blood products and a reduction of transfusion 
rates in adults has been observed. However, comparable 
published national data for transfusion practices in pediat-
ric patients are currently not available. In this study, the 
transfusion rates for children and adolescents were ana-
lyzed based on data from the Federal Statistical Office of 
Germany during the past 2 decades. Methods: Data were 
queried via the database of the Federal Statistical Office (De-
stasis). The period covered was from 2005 to 2018, and 
those in the sample group were children and adolescents 
aged 0–17 years receiving inpatient care. Operation and 
procedure codes (OPS) for transfusions, procedures, or in-
terventions with increased transfusion risk were queried 
and evaluated in detail. Results: In Germany, 0.9% of the 
children and adolescents treated in hospital received a 
transfusion in 2018. A reduction in transfusion rates from 
1.02% (2005) to 0.9% (2018) was observed for the total col-
lective of children and adolescents receiving inpatient care. 
Increases in transfusion rates were recorded for 1- to 4- 
(1.41–1.45%) and 5- to 10-year-olds (1.24–1.33%). Children 
under 1 year of age were most frequently transfused (in 
2018, 40.2% of the children were cared for in hospital). 
Transfusion-associated procedures such as chemotherapy 
or machine ventilation and respiratory support for new-

borns and infants are on the rise. Conclusion: Transfusion 
rates are declining in children and adolescents, but the rea-
sons for increases in transfusion rates in other groups are 
unclear. Prospective studies to evaluate transfusion rates 
and triggers in children are urgently needed.

© 2020 S. Karger AG, Basel

Introduction

Allogeneic blood transfusions can be a life-saving 
treatment option for neonates and children with severe 
bleeding or severe anemia. The blood bank network in 
Germany guarantees an adequate supply of blood prod-
ucts 24 h a day. Germany tops the list in an international 
comparison of such supplies, with a consumption of 38.9 
units of blood per 1,000 inhabitants [1]. In recent years, 
however, a continuous decline in adult consumption has 
been observed [1]. Specific data for Germany on the de-
velopment of transfusion rates in children and adoles-
cents aged 0–17 years are currently not available.

Transfusions are also known to be associated with mul-
tiple risks in children (including allergic reactions, trans-
fusion-associated lung injury (TRALI), immunological 
risks, hepatitis B and C, and HIV infection) [2–4]. The risk 
for the occurrence of an adverse event such as a mistrans-
fusion after allogeneic blood transfusion is 1.3 times high-
er in children 1 year and older and 2.8 times higher in 
newborns (excluding premature infants) compared with 
adults [3, 5]. Other data indicate 6.2 responses per 1,000 
transfusions within the pediatric (age < 21) population [6]. 
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Statistically higher rates of allergic reactions, febrile non-
hemolytic reactions, and acute hemolytic reactions have 
been shown in children than in adults [7]. A comprehen-
sive risk-benefit assessment is therefore necessary when 
deciding on a transfusion. Recommendations for transfu-
sion in children and adolescents are given primarily for 
medical reasons [5]. Data from a 2008 study in the United 
Kingdom show that hematological and oncological pa-
tients with the leading diagnoses of acute leukemia made 
up the majority of transfused children that year [5].

Using current data from the Federal Statistical Office, 
this article presents the development of transfusion rates 
in children and adolescents in Germany and shows the 
development of transfusion-associated procedures.

We hypothesize that the transfusion rates for children 
in Germany are declining, comparably to the develop-
ment of these rates in adults.

Materials and Methods

The hypothesis that the transfusion rates for children in Ger-
many have been declining in recent years was examined on the 
basis of central data from the Federal Statistical Office. The pri-
mary endpoint was the transfusion rate in children in Germany, 
and the secondary endpoint was the development of case numbers 
in disciplines with increased transfusion rates.

The data were queried via the online database of the Federal 
Statistical Office (Destasis). The available period was recorded for 
the years 2005 to 2018, based on the diagnosis-related group 
(DRG) statistics. Detailed DRG data are not available before 2005, 
as this system was only then introduced throughout the country. 
The most recent available data are from 2018.

The operation and procedure codes (OPS) required for this and 
transmitted via the DRG billing system can be retrieved from the 

Federal Statistical Office [8]. Their use for statistical analysis has al-
ready been demonstrated in other questions from our research group 
[9, 10]. Included in this study were patients aged 0–17 years who had 
received full inpatient care. OPS is the official classification for cod-
ing surgeries, procedures, and general medical measures and is the 
official classification for service records of German hospitals [11].

The first digit of the operation and procedure code provides 
information on the type of measure; e.g., “5” indicates operation 
or “8” indicates a nonoperative therapeutic measure. Transfusions 
are coded under OPS 8–800. Supplementary digits in the 5th posi-
tion; e.g., 8–800.6 d, give information about the amount and type 
of blood product applied. In the DRG statistics, OPS are stored up 
to the 4th digit, so a detailed analysis of the number and type of 
blood products (whole blood, erythrocyte, or thrombocyte con-
centrates) is not possible. This database extends to hospitals that 
are subject to DRG billing.

To illustrate the simultaneous development of OPS with a focus 
on transfusion, several subgroup analyses were conducted. Since 
transfusions in children are largely indicated for medical or surgi-
cal reasons but especially for the age groups 0–4 and 15–19 years 
[12], the following OPS were analyzed exemplarily: transfusion of 
whole blood, red cell concentrate, and platelet concentrate (OPS 
8–800); surgery (OPS 5–01 to 5–99); cytostatic chemotherapy, im-
munotherapy and antiretroviral therapy (OPS 8–541 to 549); 
transplantation of hematopoietic stem cells (OPS 5–411); and ma-
chine ventilation and respiratory support for newborns and in-
fants (OPS 711). Data on transfusion rates of the exemplary sub-
groups are not yet available. The selection was based on internal 
quality assurance data. It was not possible to query the above-men-
tioned OPSs in combination with each other, as hospitals do not 
report individual cases but only the respective figures per OPS. 
Therefore, the respective OPSs were calculated as percentages of 
the total number of children treated in hospital. Sub-analyses were 
also carried out for the age groups (< 1 year, 1–4, 5–10, 10–15, and 
15–17 years), distributed according to federal state and gender. 
After this, the relation of OPS 5–01 to 5–99 and OPS 8–800 to the 
number of inhabitants aged 0–17 years in the individual federal 
states was calculated as a percentage.

Fig. 1. Development of transfusion rates 
for children in inpatient care in Germany.
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For statistical analysis, descriptive methods were performed 
using Microsoft® Office Excel, Excel for Mac version 16.3, Micro-
soft Corporation, Redmond, WA, USA, and IBM® SPSS® Statis-
tics, version 26, IBM®, Armonk, NY, USA. Results were presented 
using absolute and relative frequencies, and percentage trends 
were calculated. 

Results

Transfusions
In Germany, 0.9% of the children and adolescents 

treated in hospital received a transfusion during the pe-
riod studied. An absolute increase of +10.8% in coded 
transfusions of whole blood, erythrocyte concentrates, 
and thrombocyte concentrates has been recorded since 
the years 2005 (n = 29,998) and 2018 (n = 33,248). How-
ever, in relation to the total number of children aged 0–17 
years in inpatient care, there has been a relative decrease 
in transfusion rates, from 1.02% (2005) to 0.9% (2018) 
(Fig. 1). A percentage increase was recorded for the sub-
groups aged 1–4 years (1.41–1.45%) and 5–9 years (1.24–
1.33%) (Fig.  2). The distribution of transfusion rates 
within the age groups was the same over the years cov-
ered. Thus, children under 1 year of age were transfused 
most frequently compared with other age groups: in 2005, 
37.5% (11,254 out of 29,988) and in 2018, 40.2% (13,378 
out of 33,248) of the transfused children were < 1 year old. 
Children aged 0–17 years were most frequently trans-
fused in the federal state of Niedersachsen, at a rate of 
1.65%. In contrast, the proportion was lowest in Branden-
burg, with 0.44% (Fig. 3). 

Fig. 2. Development of transfusion rates 
for children in inpatient care in Germany 
by age group.

Fig. 3. Transfusion rate of children and adolescents receiving in-
patient care by federal state.
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Transfusion-Associated Procedures
In the area of evaluated medical indications, cytostatic 

chemotherapy, immunotherapy, and antiretroviral ther-
apy (OPS 8–541 to 549) showed a 31% increase in coded 
cases, from 27,801 (2005) to 36,432 (2018). The largest 
increase was in children < 1 year of age, up to 183% – from 
740 to 1,830 coded cases. Hematopoietic stem cell trans-
plantation (OPS 5–411) was coded 475 times in 2018 and 
178 times in 2005 (Table 1). An increase of 167% could be 
observed. Machine ventilation and respiratory support 
for neonates and infants (OPS 711) were recorded in 
0.77% of infants cared for in hospital in 2005 and 1.22% 
in 2018. A decrease of 6.5% from 711,859 (2005) to 
665,993 (2018) for surgical interventions (OPS 5–01 to 
5–99) in Germany for children aged 1–17 years was 
shown. For the age groups < 1 year of age and 1–4 years of 
age, the number of operations increased by 4% (63,741–
66,347) and 8% (155,572–168,783) from 2005 to 2008. 
The largest number of operations per inhabitant aged 
0–17 years could be found in the federal state of Hamburg 
with 9.76%. Finally, Schleswig-Holstein had the lowest 
percentage of operated children at 3.51%. 

Discussion

Transfusion rates for children and adolescents receiv-
ing inpatient care have been declining in recent years. In 
2018, 0.9% of all children received inpatient care, and 
0.2% of all children in Germany received at least one 
transfusion. In comparison, 6.6% of the adults who have 
undergone surgery receive transfusion with red cell con-
centrate [1]. The transfusion rates for adults also declined 
from 2005 to 2017, with a 15% annual reduction in the 
number of red cell concentrates used, from 4,580 to 3,890 
transfusion units per 100,000 inhabitants [1]. However, 
we were able to demonstrate increases in transfusion rates 
in the subgroups aged 1–4 year and 5–10 years. The data 
on transfusion-associated procedures analyzed in parallel 
should provide indications of possible causes of this de-
velopment. Based on data from a study in England, which 
described the proportional distribution of indications for 
transfusions, medical and surgical procedures were con-
sidered as examples [12]. Children between the ages of 5 
and 14 were transfused primarily for medical reasons, as 
were children between 0 and 4 and adolescents between 
15 and 19 years of age, but the latter also presented with 
surgical indications [12]. In the procedures considered as 
examples, such as chemotherapy or ventilation of new-
borns and infants as an indirect indicator of respiratory 
distress syndrome, we were able to demonstrate both ab-
solute and relative increases, so no direct explanation for 
the decline in transfusion rates could be found. One ex-
planatory approach may be the introduction of various Ta
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measures to save blood products and the cautious indica-
tion for transfusion of blood products. To reduce the 
probability of perioperative transfusions, for example, the 
Patient Blood Management (PBM) program, was initi-
ated in Germany in 2013 [8–10]. Although the PBM was 
primarily introduced in the area of adult care, its indi-
vidual measures may also have had an impact on pediat-
rics. The treatment of iron deficiency anemia with iron 
preparations or the use of erythropoietin; reduction of the 
number and volume of blood samples; and adherence to 
physiological conditions of hemostasis (pH, calcium con-
centration and temperature) can be used, as well as the 
use of bedside coagulation diagnostics and targeted ther-
apy in children [2, 13–15, 16–24].

Regional Differences
An explanation for regional differences could not be 

deduced from the data. Possible causes may be different 
coding behavior, different specialized hospital density, 
and regional differences in the frequency and severity of 
traffic accidents involving children. A comparison with 
the distribution in surgically treated adult patients with 
transfusion rates ranging from 6.1% in Bavaria to 7.7% in 
Mecklenburg-Vorpommern revealed that, as expected, 
the transfusion frequency in children was lower [1].

Transfusion Indication
Children and adolescents, and especially neonates and 

infants, differ significantly from adults, both anatomical-
ly and physiologically. These differences must be taken 
into account when deciding on a transfusion. The current 
guidelines provide information on the indication for 
transfusion in children [25]. For children over 4 months 
of age, the current cross-sectional guideline of the Ger-
man Medical Association recommends, for example, lim-
its of < 8.2 g/dL for preoperative anemia and < 10.2 g/dL 
for acute blood loss and simultaneous instability [25]. 
The current recommendation of the European Anaesthe-
sia Society (ESA) includes Hb limits of 7–9 g/dL [26]. For 
premature infants, neonates, and infants, age-dependent 
hematocrit limits between < 25 and < 40, as well as clinical 
indication parameters such as ventilation or life-threat-
ening symptoms due to hypovolemia, are defined or 
aimed for as limits [25]. In principle, a study in the pedi-
atric intensive care unit for children could not demon-
strate a higher risk of complications or mortality from a 
restrictive transfusion strategy with a transfusion trigger 
of 7 g/dL [17]. In any case, the sole consideration of he-
moglobin concentration should not be used to determine 
the indication for transfusion. Rather, it is necessary to 
consider physiological triggers, such as global indicators 
of insufficient oxygen supply (e.g., lactic acidosis, drop in 
mixed venous O2 saturation) and cardiopulmonary 
symptoms (e.g., tachycardia, hypotension) [27]. 

Limitations 
The transfusion data available through the Federal Sta-

tistical Office do not contain any information on the 
transfused volume and do not differentiate between whole 
blood, platelet, and erythrocyte concentrates. However, 
no whole blood preparations are currently used in Ger-
many. The proportion of platelet concentrates is included 
in the total transfusion volume given. For a detailed anal-
ysis, the complete OPS beyond the 4th digit would be nec-
essary. A filtering of the results according to medical areas 
(conservative vs. operative medicine) is not possible with 
the available data set. The reason for this is the data deliv-
ery of the hospitals in the form of a report with content 
such as OPS 8–800 1,500×. The individual patient cases in 
which one could assign operative and conservative medi-
cine – i.e., which contain the combined information of 
OPS 8–800 and OPS 5–01 to 5–99 – are not passed on. 

Conclusion

The analysis of existing DRG data from the Federal Sta-
tistical Office provide a good overview of the development 
of transfusion frequency in Germany among children and 
adolescents. For the collective as a whole, a relative decline 
in transfusion rates was seen for the entire observation pe-
riod. Regional differences for transfusion and surgical care 
were observed but may also be caused by confounders. For 
children between 1 and 10 years, however, an increase in 
transfusions in the range of 0.04–0.09% was recorded. 
Measures to reduce transfusions are therefore also recom-
mended in the treatment of children. Prospective studies 
to evaluate transfusion triggers in children, differentiated 
according to different age cohorts, are urgently needed.
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