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Abstract

Background: Annual transfusion rates in many European
countries range between 25 and 35 red blood cell concen-
trates (RBCs)/1,000 population. It is unclear why transfusion
rates in Germany are considerably higher (approx. 50-55
RBCs/1,000 population). Methods: We assessed the charac-
teristics of transfusion recipients at all hospitals of the Ger-
man federal state Mecklenburg-Western Pomerania during
a 10-year longitudinal study. Results: Although 75% of pa-
tients received <4 RBCs/patient in 2015 (1 RBC: 11.3%; 2
RBCs: 42.6%; 3 RBCs: 6.3%; 4 RBCs: 15.0%), the mean transfu-
sion index was 4.6 RBCs due to a minority of patients with a
high transfusion demand. Two thirds of all RBCs were trans-
fused to only 25% of RBC recipients. Consistently, male pa-
tients received a higher number of RBCs (2005: 54.2%; 2015:
56.8%) and had a higher mean transfusion index than female
patients (mean 5.1 + 7.2; median 2; inter-quartile range [IQR]
2-4 vs. mean 4.0 + 5.8; median 2; IQR 2-4). The absolute
transfusion demand decreased between 2005 and 2015 by
13.5% due to a composite of active reduction (clinical prac-
tice change) and population decline in the 65-to 75-year age
group (lower birth rate cohort 1940-1950); however, with
major differences between hospitals (range from -61.0 to
+41.4%). Conclusion: Transfusion demand in a population

could largely be driven by patients with high transfusion de-
mand. Different treatment practices in this group of patients
probably add to the major differences in transfusion de-
mand per 1,000 individuals between countries. The available
data cannot prove this hypothesis. Implementation of a di-
agnosis-related group-based monitoring system is urgently
needed to allow informative monitoring on the population
level and meaningful comparisons between transfusion

practices. © 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

The impact of demographic changes on blood supply
and transfusion demand has been addressed by a number
of groups in Europe, North America, and Asia [1-17]. In
many regions the numbers of blood donations are de-
creasing due to low birth rates, and numbers of patients
increasing due to an increase in the older population. Al-
ready in regions in Germany [1, 5, 10, 18], Switzerland
[8], the Netherlands [3], Finland [9], and also outside Eu-
rope in the USA [6], Canada [4], China [7], and Japan [2],
a shortage in blood supply has been observed or forecast
for the next few years. We performed a longitudinal study
between 2005 and 2015 in the German federal state of
Mecklenburg-Western Pomerania to analyze the impact
of demographic changes on blood supply and demand on
the population level. Data of all whole-blood donors and
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all red blood cell concentrate (RBC) recipients of the en-
tire federal state were collected [1, 5]. In the federal sys-
tem of Germany organization of health care is an obliga-
tion of each of the federal states. Our data were obtained
from the health care system in Mecklenburg-Western
Pomerania, a state in the north-east of Germany with 1.6
million inhabitants, who represented about 2.0% of the
German population in 2015. Our study closely reflects the
trends of health care changes on the population level, as
only very few patients of the region are treated in other
federal states, and vice versa.

In our previously published analyses of this study, we
observed that male patients, who represented 49.6% of
the population in 2005 and 49.5% in 2015, received 54.2%
of RBCs in 2005 and 56.8% of RBCs in 2015 [1, 5]. This
has been addressed by a more detailed sub-analysis in the
present study.

We also noticed that most RBCs were transfused to
patients older than 65 years and, although this age group
increased by 3.3% from 2005 to 2015 in Mecklenburg-
Western Pomerania, the total RBC demand declined by
7,568 RBCs (-11.2%) [1, 5]. To better understand wheth-
er this trend is primarily the result of a reduced transfu-
sion demand per 1,000 population in this age group, or
whether also demographic factors are involved, we now
assessed the correlation of the demographic changes in
Mecklenburg-Western Pomerania with the development
of RBC transfusion demand.

Like in other countries, the transfusion demand of pa-
tients in Mecklenburg-Western Pomerania decreased by
13.5% from 2005 to 2015 [1]. This decline in transfusion
demand is usually attributed to the effects of improved
patient blood management programs [8, 11, 12, 19]. The
transfusion rate of 51/1,000 population in 2015 in our
study is close to the nationwide transfusion rate of
55/1,000 population in Germany [20]. However, despite
the recent decline, the transfusion rates in Germany are
much higher than corresponding rates in other European
countries, for example in the Netherlands (27/1,000 pop-
ulation) or Switzerland (35/1,000 population) [20]. The
reasons for these major differences are currently unclear.
Due to a lack of data, little information is available on the
characteristics of the transfusion recipients in Germany
[10]. Here we use the data from our prospective study to
further analyse transfusion indices and characteristics of
the recipients of RBCs in the state of Mecklenburg-West-
ern Pomerania.

Methods

For each transfused RBC in Mecklenburg-Western Pomerania
in the years 2005 and 2015 the following characteristics of the re-
cipient were determined: age (or date of birth), sex, patient clas-
sification (surgical, medical, critically ill/emergency room, pediat-
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ric [according to the ward in which the patient was treated]), and
date of transfusion. These data were provided by all 40 hospitals in
the federal state [1, 5, 18, 21]. Pediatric and non-classifiable pa-
tients were not analyzed in detail. These groups accounted for less
than 3% of all RBC transfusions.

The hospitals were categorized by the number of beds in 2015
into small (<400 beds), medium (400-700 beds), and large hospi-
tals (>700 beds) [22]. In total 82,591 RBCs were transfused in 2015.
Among these a definite assignment of the transfused RBC to an
individual patient was possible for 54,665 RBCs based on pseu-
donymized patient identity numbers, corresponding to 66% of all
transfused RBCs in 2015 (for the other patients no identifier was
provided). Pseudonymized patient identity numbers could be pro-
vided for 41,963 patients of large hospitals (76.5% of this sub-anal-
ysis), for 3,822 patients of medium-sized hospitals (7.0%), and for
9,062 patients of small hospitals (16.5%). Based on this data set the
transfusion index was determined for different hospital and pa-
tient categories. The transfusion index is defined as the number of
RBC:s transfused per transfused patient. We used the SAS statisti-
cal software package (v9.4; SAS Institute Inc., Cary, NC, USA) to
calculate descriptive statistics. Categorical data are expressed as
percentages; continuous data are expressed as the mean (+2 stan-
dard deviations; SD) or median (and interquartile range; IQR).
Differences between groups were tested using the x? test. A p value
<0.05 was considered statistically significant.

Population data in 1-year age categories for 2005 and 2015 were
obtained by the population registry for Mecklenburg-Western
Pomerania [23-25]. These data were used to calculate gender- and
age-specific transfusion rates per 1,000 inhabitants.

Results

RBC Demand by Patient Characteristics

Based on a sub-analysis of 54,665 RBCs transfused to
12,011 patients (with available pseudonymized patient
identity numbers), which corresponded to 66% of all trans-
fused RBCs in Mecklenburg-Western Pomerania in 2015,
the transfusion index was determined. Most patients re-
ceived 2 RBC:s per patient (42.6%), followed by 4 RBCs per
patient (15.0%) and 1 RBC per patient (11.3%; Fig. 1). Over-
all, 75% of all patients were transfused with fewer than 5
RBCs. However, the mean transfusion index was 4.6 RBCs
(£6.6; median 2; IQR 2-4) per patient, due to a small num-
ber of patients with an exceedingly high demand (up to 202
RBCs per patient within 1 year). This is underlined by the
fact that only 25% of all patients who were transfused with
more than 4 RBCs received about 66% of all RBCs.

The transfusion indices differed depending on sex,
classification, and hospital size (Table 1). Male patients
had a higher mean transfusion index than female patients
(5.1 £7.2vs.4.0 + 5.8 per patient; median 3 [IQR 2-4] vs.
2 [IQR 2-4] RBCs per patient). In all patient categories
the mean RBC demand per patient was highest in large
hospitals, while the median transfusion index did not dif-
fer between hospitals. Critically ill and emergency pa-
tients had the highest mean transfusion indices irrespec-
tive of hospital size. For these patients also the median
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Table 1. Mean and median transfusion indices by sex, hospital size, and patient categories

Mean transfusion index (SD)!; median transfusion index (IQR)

Overall? 4.6 (6.6); 2 (2-4)
Males 5.1(7.2); 3 (2-6)
Females 4.0 (5.8); (2-4)
Surgical Critically ill Medical
Males 3.7 (3.7); 2 (2-4) 5.7 (8.9); 3 (2-6) 4.1(5.8);2 (2-4)
Females 3.1(2.9);2 (2-4) 4.7 (8.3);2 (2-4) 3.4 (4.5);2 (2-4)

Small hospitals (<400 beds)
Medium hospitals (400-700 beds)
Large hospitals (>700 beds)

3.2(3.0);2 (2-4)
2.6 (1.3); 2 (2-2)
3.5(3.5);2 (2-4)

4.5 (4.9); 2 (2-6)
4.3 (5.2);2 (2-5)
5.7 (10.0); 3 (2-6)

2.9 (2.5);2 (2-4)
3.0 (2.5); 2 (2-4)
4.2 (6.0); 2 (2-4)

! The mean transfusion index is defined as the number of RBCs transfused per transfused patient in the respective subgroup.

21 =12,011 patients transfused with 54,665 RBCs.

transfusion index was higher in large hospitals compared
to medium and small hospitals (3 vs. 2 RBCs/patient). All
these effects are caused by higher numbers of patients
with an exceedingly high RBC demand in the respective
groups (online suppl. Table 1; for all online suppl. mate-
rial, see www.karger.com/doi/10.1159/000510207).

The transfusion demand for RBCs declined in all patient
groups between 2005 and 2015. This reduction was less pro-
nounced in males than in females in both surgical (9.2 vs.
-25.8%; p < 0.01) and in medical patients (-6.8 vs. —13.4%;
p < 0.01), while in critically ill patients the decrease was
similar in males and females (-7.8 vs. -7.2%; p = 0.73).

RBC Demand by Hospital Characteristics

We analyzed 5 large hospitals with more than 700
beds, 3 medium-sized hospitals (400-700 beds), and 21
small hospitals with fewer than 400 beds. In 2015, 56.1%
of all RBCs were transfused in large hospitals (46,303
RBCs), 13.8% in medium-sized hospitals (11,393 RBCs),
and 30.1% in small hospitals (24,895 RBCs; Fig. 2).
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The different hospital categories showed different age
distributions of patients receiving RBCs (Fig. 3). Inde-
pendent of hospital size, patients in the age group 70-84
years had the highest RBC demand of all age groups
(small: 45.2%, medium: 47.5%, large: 42.8%). Small hos-
pitals transfused more RBCs to patients in the age group
45-54 years (17.3%) compared to medium (7.5%) and
large hospitals (10.9%). This trend was observed in surgi-
cal and medical patients, but not in critically ill patients.
The proportion of transfused RBCs to patients in the age
group >75 years was higher in medium-sized hospitals
(47.1%) than in small (45.5%) or large hospitals (37.0%).

The reduction of the transfusion demand between
2005 and 2015 differed among hospital categories (Fig. 2).
In small hospitals 17.7% fewer (-5,351), in medium-sized
hospitals 18.6% fewer (-2,595), and in large hospitals
9.6% fewer (-4,918) RBCs were transfused. However, the
heterogeneity between hospitals regarding the develop-
ment of RBC demand between 2005 and 2015 was re-
markable (with a range of -61.0 to +41.4% in small hos-
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Fig. 2. Absolute number of transfused RBCs in hospitals of different sizes in 2005 and 2015. All hospitals showed
a decrease in transfusion demand between 2005 and 2015. This was more pronounced in medium and smaller
hospitals compared to large hospitals. While the transfusion demand for surgical patients decreased in all hospi-
tal categories, medical patients required more RBCs in medium-sized and critically ill patients required more
RBCs in large hospitals, respectively.
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Fig. 3. Proportion of overall RBC demand per age group according to hospital size. In all hospitals most RBCs
were transfused to patients aged 70-84 years. Otherwise, the number of transfused RBCs per age group differs
depending on hospital size. The proportion of RBCs transfused to patients aged 50-69 years is highest in large
hospitals, whereas the proportion of RBCs transfused to patients >80 years is higher in small and medium-sized
hospitals. However, there is a relatively high proportion of RBCs transfused to patients aged 45-54 years in small
hospitals, which was not observed in medium and large hospitals.
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Fig. 4. A Absolute number of inhabitants in Mecklenburg-Western
Pomerania (MWP; solid lines) and the respective number of trans-
fused RBCs per 1,000 inhabitants per age group (dotted lines) in
2005 (blue) and 2015 (green). In 2015 the low birth rate cohort of
World War IT and the post-war period (65- 74-year age group) con-
tributed to the decrease in absolute transfusion demand due to a
reduced absolute number of inhabitants. This has a substantial ef-
fect on the total transfusion demand, as these age groups have high
transfusion rates. In the near future the baby-boom generation (45-
59 years old in 2015) will shift towards the age groups with the high-
est transfusion rates, which will likely cause an increase in transfu-

pitals, -24.9 to -11.8% in medium hospitals, and -23.7 to
+13.2% in large hospitals). The reduction of transfusion
demand also depended on patient characteristics. Fewer
RBCs were transfused in all hospital size categories in sur-
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sion demand. B Changes in the population numbers of Mecklen-
burg-Western Pomerania (MWP) and the transfusion demand
from 2005 to 2015 per age group. The change in RBC demand per
age group (red line) between the years 2005 and 2015 was always
below the change in population numbers within the different age
groups (blue line). This reflects the real decrease in transfusion de-
mand due to changes in medical practice. However, the pronounced
decrease in population numbers in the 65- to 75-year age group
(World War II birth decline) and to a lesser extend in the 35- to 50-
year age group (low birth rate due to introduction of hormonal
contraceptives) reduce the overall transfusion demand.

gical patients, whereas an increase of transfused RBCs
was observed for medical patients in medium-sized hos-
pitals (+10.4%) and for critically ill patients in large hos-
pitals (+9.8%; Fig. 2).
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Reduction of the Transfusion Demand Is a Composite

of Active Reduction and Demographic Changes

In 2005 and 2015 most RBCs were transfused to pa-
tients older than 65 years (Fig. 4A, hatched lines). An im-
portant reason for the trend of decreasing RBC demand
in this age group was the population decline of the 65- to
75-year age group due the low birth rate cohort of World
War II and the post-war period born between 1940 and
1950 (online suppl. Table 2).

As shown in Figure 4B, the development of RBC de-
mand from 2005 to 2015 followed the increase and de-
crease of the population size of each age group, i.e., when-
ever the population of one age group increased, the RBC
demand increased, and vice versa.

However, the reduction of RBC demand (red line in
Fig. 4B) was always more pronounced than the reduction
in population numbers (except the 5- to 9-year age group;
blue line in Fig. 4B) and the increase of transfusion de-
mand was not as pronounced as the increase of the re-
spective population group. This difference between trans-
fusion demand and changes in the population numbers
of 25.5% reflects the true effects of changes in transfusion
practice. This is also reflected in Figure 4A where the
green line (population in 2015) is above the blue line
(population in 2005) in the 55- to 65-year and 75- to >85-
year age groups, but still the transfusion demand per
thousand inhabitants in these age groups was lower than
in 2005 (the hatched green line is below the hatched blue
line).

Discussion

This study presents the characteristics of patients re-
ceiving RBC transfusions in the German federal state
Mecklenburg-Western Pomerania. The decrease in
transfusion demand between 2005 and 2015 by -13.5%
is similar to observations in other countries. An absolute
reduction of RBC transfusions of -9.5% was observed in
Switzerland between 2003 and 2013 [8] and of -20% in
the Netherlands between 1996 and 2005 [12]. In Austria,
arelative reduction in transfusion rates of -27% was ob-
served in selected orthopedic procedures from 2005 to
2010, whereas transfusion rates in cardiac surgery re-
mained relatively constant [19]. Also, in northern Eng-
land a reduction in transfusion rates of —-21% was ob-
served [11, 26]. Changes in transfusion practice are usu-
ally thought to be the main cause of this trend. However,
the population decline due to the low birth rate cohort
during World War II and the post-war period is anoth-
er important reason. A similar observation was made by
Brockmann et al. [27] (presented at the DGTI congress,
Libeck, 2018), who compared demographic changes
with the development of RBC transfusions and observed
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adecrease of RBC demand due to the decline of the birth
cohort during World War II. This is an important ob-
servation. Unless the transfusion rate per 1,000 popula-
tion in the age group >65 years further declines (due to
changes in medical practice), the trend of a decrease in
absolute transfusion demand will inverse, when the ba-
by-boom generation reaches the age groups with the
highest transfusion rates. In this regard Central Europe
differs considerably from North America, where the
proportion of younger age groups is much higher.

Not surprisingly, we found higher mean transfusion
indices in critically ill patients than in medical or surgical
patients and the highest transfusion indices in large hos-
pitals, whereas the median transfusion indices did not
differ substantially between hospital categories. This can
be explained by the fact that the mean transfusion indices
are largely driven by a few patients with an extremely high
demand. This also explains why the transfusion demand
in our study is primarily driven by patients requiring
more than 4 RBCs per year, with 25% of transfused pa-
tients receiving 66% of all RBCs. This is probably a more
general feature, as the PROTON study performed in the
Netherlands also reported that more than 65% of all RBCs
were transfused to patients with transfusion indices of
>4 RBCs within 1 year [28].

Transfusion rates differ remarkably between countries
[20], and differences in medical practice in situations
which require maximal therapy could be part of a possible
explanation. Differentiation between patients with trans-
fusion indices of <4 or >4 RBCs per patient should be
considered in regional and especially international com-
parisons of transfusion demands, and both parameters,
along with the mean and the median transfusion index,
should be used for comparison.

Typically, patients with a high transfusion demand are
severely sick. This is a likely explanation for the less pro-
nounced reduction of RBC demand we observed in large
hospitals. Attention should be paid to this fact in future
studies on changes in the transfusion demand. If only
large hospitals are enrolled into a study, the results might
not reflect the real development in RBC transfusion re-
quirements. This is further underscored by our finding
that hospitals of different sizes show a different age dis-
tribution of transfused patients. This finding is again con-
sistent with the results of the PROTON study in the Neth-
erlands [28]. As patients in large hospitals are usually
more likely to participate in clinical studies and larger
hospitals are often better equipped with an electronic
hospital information system [5], hospital size is likely a
relevant source of selection bias. In addition, any study on
the development of transfusion demand over time should
include a large enough number of hospitals, as we ob-
served remarkable differences in the changes in transfu-
sion demand between individual hospitals. These differ-
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ences are probably not only caused by different transfu-
sion strategies. Instead, structural changes, for example
the implementation of new procedures or establishment
of new departments (like hemato-oncology), are impor-
tant underlying reasons. As we have no data on the exact
underlying disease groups it is difficult to further inter-
pret these numbers. For example, the higher transfusion
numbers in patients >75 years in small and medium-sized
hospitals might be due to a more liberal transfusion pol-
icy or due to more palliative care patients being treated in
these hospitals. A major strength of our study is that we
included all hospitals of the state, which avoids selection
bias in the analyses. Changes in patient characteristics of
an individual hospital level out because an increase of one
patient group in one hospital will always be accompanied
by a decrease of the same patient group in other hospitals,
as health care is predominantly maintained within the
state and “patient tourism” to other states or vice versa is
rare.

Finally, we observed that both the absolute transfusion
demand as well as the transfusion indices were consis-
tently higher in male patients compared to female pa-
tients. Such gender-related differences in the transfusion
demand have also been observed by others [3, 8, 11, 16,
28-31]. However, there is no explanation for this in the
literature. This may reflect the difference in blood volume
and body mass between males and females, or a higher
rate of cardiovascular diseases and cardiac surgeries in
males, or a different approach of physicians to male and
female patients. This interesting observation should be
further studied.

Because we could not include the specific diagnoses of
the transfused patients, we cannot further interpret our
observation. Implementation of the standardized Diag-
nosis-Related-Group (DRG) system and a DRG-based
monitoring system would allow a better comparison be-
tween transfusion strategies of different hospitals and
much more detailed analyses.

Our study is the largest longitudinal study on transfu-
sion demand and blood donation numbers in a defined
geographical region. The interactions of different pa-
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