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ABSTRACT

Introduction: This study aimed to quantify the
potential epidemiological and health economic
benefits of implementing preoperative anaemia
measures (PAMs) in clinical practice in the
German healthcare system.
Methods: An evidence-based health economic
model was developed to assess the possible
impact of implementing PAMs, the first pillar of
patient blood management (PBM), in a German
population. The analysis of two risk factors—
iron-deficiency anaemia (IDA) and receipt of a
red blood cell concentrate (RBC) transfusion
during elective surgery—allowed the estimation
of relative risks (RRs), average cost per patient,
average length of hospital stay, and avoided

hospital deaths after the implementation of
PAMs.
Results: A total of 4,591,060 patients who had
undergone elective surgery during 2015 were
identified, of which 29,170 (0.64%) were diag-
nosed with preoperative IDA. These patients
had an increased RR of receiving a RBC trans-
fusion during surgery (RR 5.031; 95% confi-
dence interval [CI] 4.928, 5.136) and increased
mortality risk (RR 3.630; 95% CI 3.401, 3.874)
versus patients without IDA. Patients who
received a RBC transfusion during surgery had a
24.6-times higher risk of death than those who
did not (RR 24.593; 95% CI 24.121, 25.075).
Average cost of treatment was €7883 in patients
with IDA, €21,744 in patients with IDA and RBC
transfusion, and €4560 in patients without risk
factors. The model identified 29,714 patients
(0.65%) who had received a RBC transfusion
and who potentially had IDA but remainedDigital Features To view digital features for this article
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undiagnosed before surgery. Hypothetical
implementation of PAMs would have resulted
in an estimated annual net hospital direct cost
saving of €1029 million (1.58%) of total hospital
direct costs of the German healthcare system
and 3036 hospital deaths (0.07%) avoided.
Conclusions: This model estimated the impact
of implementing PAMs for patients with IDA
undergoing elective surgery. A significant
number of deaths, costly treatments, and hos-
pital days could have been avoided by the
introduction of PAMs in routine clinical prac-
tice in Germany.

Keywords: Anaemia; Iron deficiency; Patient
blood management; Preoperative anaemia

Key Summary Points

Iron-deficiency anaemia in patients
having elective surgery is associated with
spending longer in hospital, an increase in
the rate of blood transfusions, and higher
mortality.

In addition, receiving a red blood cell
concentrate transfusion is associated with
increased rates of illness, death, and
length of stay in hospital.

Using the patient blood management
health economic model developed in this
study, it was estimated that the
implementation of preoperative anaemia
measures in patients with iron-deficiency
anaemia, undergoing elective surgery,
would reduce the risk of death, length of
hospital stay, and hospital costs.

INTRODUCTION

Anaemia is defined as a reduced haemoglobin
content of the blood or a lack of erythrocytes.
According to the World Health Organization
(WHO), anaemia, the thresholds for which were
published in 1968 [1], can be triggered by the

following events: increased loss of erythrocytes
(blood loss); reduced production of erythro-
cytes; increased destruction of erythrocytes; or
an increased physiological need for erythrocytes
[2]. Anaemia is common in patients undergoing
elective surgery; preoperative anaemia is detec-
ted in up to 40% of patients, with varying
prevalence depending on the type of disease to
be treated [3–7]. Iron-deficiency anaemia (IDA)
is the most common type of preoperative
anaemia, accounting for nearly two-thirds of
cases globally [8]. Preoperative anaemia is asso-
ciated with patients experiencing an increased
length of hospital stay, a more complicated
course of hospital treatment, an increase in the
rate of blood transfusions, and higher mortality
[3, 9, 10]. A growing number of studies have
shown that receiving a red blood cell concen-
trate (RBC) transfusion, often used to treat
anaemia, is associated in a dose-dependent
relationship with increased morbidity, mortal-
ity, and length of hospital stay [11–17].

However, despite the known risks of anaemia
and RBC transfusion, preoperative anaemia is
still frequently ignored, with indiscriminate
transfusion used as a ‘quick fix’. Munoz et al.
identified ten misconceptions that constitute
serious barriers to the wider implementation of
preoperative anaemia measures (PAMs) [18].
Among these misconceptions were the follow-
ing: preoperative anaemia may be caused by
many conditions, some of which could be
ameliorated or cured by the proposed surgery;
preoperative anaemia poses no risk to patients,
so scheduled procedures should not be delayed
because of its presence; and the implementation
of PAMs negatively impacts hospital personnel
workload and is not cost-effective [18]. It was
concluded that these misconceptions should be
immediately abandoned by healthcare provi-
ders and replaced by evidence-based strategies
such as detection, diagnosis, and proper treat-
ment of preoperative anaemia [18].

The aim of this study was to estimate the
potential clinical and health economic benefits
of patient blood management (PBM) for patients
undergoing elective surgery. A health economic
model was developed to assess the impact of the
implementation of one specific aspect of PBM,
PAMs, in a large German population.
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Patient Blood Management

PBM is a medical multidisciplinary approach to
manage anaemia and is described in detail
elsewhere [19]. Briefly, PBM is a set of measures
designed to minimise risk in the pre-, intra-, and
post-operative setting. PBM seeks to achieve
better patient outcomes by relying on the
patient’s own blood rather than on donor blood
via transfusion; it achieves this by focussing on
optimising erythrocyte mass, minimising blood
loss and bleeding, and optimising physiological
reserves to improve quality of care [16]. PBM is
of critical importance for patients with anaemia
or iron deficiency who are undergoing elective
surgery, especially when they commonly exhi-
bit a high probability of significant blood loss or
transfusion [4, 20]. PBM measures directly focus
on reducing risk factors associated with anae-
mia, as these may have a negative effect on
treatment outcomes. For patients undergoing
elective surgery, this means that both morbidity
and mortality risk can increase. A higher mor-
bidity risk could mean, for example, exacerba-
tion of a chronic disease and an overall longer
hospital stay as a consequence. A higher risk of
mortality may be the result of complications.

Preoperative Anaemia Measures

The benefits of PBM, including the implemen-
tation of PAMs (principally iron therapy), would
be experienced by many stakeholders, most
notably patients, hospitals, the outpatient sec-
tor, healthcare funding providers, and health
policymakers. International and national
guidelines recommend preoperative treatment
of IDA and iron deficiency with iron as the
standard of care [4, 21–27]. PBM, including the
use of PAMs and post-operative anaemia mea-
sures, have been shown to (1) shorten the
length of hospital stay for patients undergoing
emergency and elective surgery [28], in patients
having cardiac surgery [29], major abdominal
surgery [30], elective surgery [31], and hip and
knee arthroplasty [32]; (2) lower the rate of
surgical complications [28, 29, 31, 33]; (3)
reduce mortality [28]; (4) reduce post-operative
readmissions [32]; and (5) reduce the number of

blood transfusions [28, 30–35]. Moreover, the
economic benefits of PBM, including the use of
PAMs, have been shown to (1) significantly
reduce direct hospital costs of RBC transfusions
per patient [36, 37]; (2) reduce overall hospital
costs for patients undergoing hip and knee
replacement surgery [32, 38–40] and major
abdominal surgery [41]; (3) reduce costs to the
healthcare system [42, 43]; and (4) improve
patient safety by reducing surgical complica-
tions and mortality [28].

German Inpatient Healthcare System

In the system described in this study, the
implementation of PBM incorporating PAMs
would be organized and remunerated via the
German Diagnosis-Related Groups (DRG) flat-
rate system. The amount of DRG reimburse-
ment depends on the type of illness (diagnosis),
and the type and severity of operation required.
Consequently, for patients with minor illnesses
a smaller amount of remuneration is provided
than for patients with serious illnesses who
require more extensive treatment. The reim-
bursement per patient is calculated on the basis
of an estimated range of length of hospital stay.
Within this range, the same flat rate is paid
regardless of the length of stay. For patients
with a significantly longer or shorter length of
stay, surcharges or discounts are paid on proof
of medical necessity.

Preoperative treatment of a patient with iron
deficiency (PAMs) prior to elective surgery is
performed either at an outpatient practice
(which refers the patient to hospital) or in a
hospital outpatient clinic. In both cases, remu-
neration of PAMs is currently not regulated by
the legislator in Germany, which suggests that
there may be underuse of therapy in this area.

METHODS

Identification of Population of Interest

Representative secondary data from the German
database DRG Statistic for 2015 (DRG-Statistic
2015), made available for research purposes by
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the German Federal Statistical Office, was used
to identify the population of interest for devel-
opment of the PBM footprint model (RDC of
the Federal Statistical Offices of the Länder,
DRG-Statistic 2015; own calculations [44]). The
DRG-Statistic 2015 is an official and represen-
tative data set of the German DRG-based hos-
pital statistics for the year 2015. Information
from the database includes sociodemographic
and clinical characteristics (e.g. International
Classification of Disease [ICD] and operation
and procedure key [OPS; Operationen- und
Prozedurenschlüssel]) of patients plus reim-
bursement prices based on DRGs. Patients
included in the database are aged 0 to
99? years, and the data were restricted to 2015
only.

The DRG-Statistic 2015 included a complete
survey of all DRG hospitals and thus all inpa-
tients in Germany who were billed according to
the DRG system. It did not include hospitals
that did not bill according to DRG (e.g. purely
private hospitals, accounting for approximately
550,000 patients).

Of the 18 million patients included in the
DRG-Statistic database, a random 10% sample
of data from approximately 1.87 million
patients from the complete survey was extrac-
ted. More specifically, in this assessment IDA
was defined as ICD-10 German modification
codes D50.8 (other IDAs) and D50.9 (IDA
unspecified). Patients were identified as having
received a RBC transfusion if recorded in the
database as OPS code 8-800.c (a German modi-
fication of the International Classification of
Procedures in Medicine coding for medical
procedures) [45]. Using extrapolations of our
own data and comparisons with other pub-
lished results from the DRG-Statistic 2015, we
can conclude that the 10% sample is highly
representative (with a minimal deviation of
generally less than 5%).

Compliance with Ethics Guidelines
As the data are secondary data, ‘Guideline 1:
Ethics’ according to the recommendations of
the ‘AGENS’ working group is applied for the
analysis: ‘‘The recommendation to consult with
an ethics committee need not apply to sec-
ondary data analyses, if all the data protection

provisions on pseudo-anonymization of all
personal data are fulfilled (see also Guideline 8)
and no link to primary data is intended’’ [46].
The fulfilment of data protection provisions on
pseudo-anonymization of all personal data is
controlled by the German Federal Statistical
Office. See ‘General terms of use’ [47] and
‘Regulations on the analysis of microdata’ [48].
The German database DRG-Statistic 2015 is
available for research purposes from the Ger-
man Federal Statistical Office.

Health Economic Model

Simulations are widely used in economic
research to analyse the characteristics and
behaviour of an economy or its subsystems, for
instance, the healthcare system [49]. Economic
simulation is intended to show the effects of
health and economic policies by modelling
socio-economic processes. In order to achieve
this, the institutional and other conditions of
the system to be analysed are changed.
Microsimulation models have the benefit of
having a large number of individual-level data
that can be aggregated. If selected diagnoses,
blood products used, outcomes, resulting effects,
and correlations are to be analysed, it is essential
to use individual level data. Large samples (n[1
million patients) can ultimately only be analysed
by using microsimulation models, if the differ-
ent individual characteristics are to be fully
considered. Data from DRG-Statistic 2015 were
consequently analysed using microsimulation
methods in order to quantify the epidemiologi-
cal and economic effects of PBM and the imple-
mentation of PAMs. The model described here is
the output of a comprehensive microsimulation
model known as the ‘PBM footprint’ model.

Rationale for Estimating Epidemiological
and Economic Impact

Methodology for Estimation of Relative Risks
To calculate the epidemiological and economic
impact, patients were divided into subgroups,
e.g. subgroups with no, one or two risk factors
(IDA and RBC transfusion) or subgroups with
no or one risk factor and no or a (negative)
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endpoint (mortality). From this, 2 9 2
tables with subgroup patient numbers were
quantified (frequencies), which were then used
to calculate the relative risk (RR).

The following RRs were calculated: (1) the RR
of a patient with IDA receiving a RBC transfu-
sion; (2) the RR of mortality in those patients
with IDA; and (3) the RR of mortality in patients
who received a RBC transfusion.

To estimate the association between IDA and
risk of receiving a RBC transfusion, the follow-
ing equation was used:

Relative risk ¼ a

aþ b
:

c

c þ d

when:

Risk factor 2

RBC transfusion No RBC transfusion

Risk factor 1

IDA a b

No IDA c d

To calculate the association between mor-
tality and each of the risk factors (IDA and
receiving a RBC transfusion), the following
equation was used, where a, b, c, and d relate to
the number of patients for the population:

Relative risk ¼ a

aþ b
:

c

c þ d

When:

Deceased Not deceased

Risk factor a b

No risk factor c d

In addition, the average cost per patient and
the average days in hospital were calculated for
each subgroup (a, b, c, d) of patients, and sub-
sequently used as key parameters to calculate
the cost impact of implementing PAMs.

Estimating Size of Population
with Undiagnosed IDA

IDA can be challenging to diagnose, and it can
often be asymptomatic in presentation without
the presence of anaemia [50]. Misconceptions
about IDA and barriers to testing within health-
care practice mean that the number of patients
diagnosed with preoperative IDA in the study
sample was considered to be lower than the
actual prevalence in the population.

To establish the proportion of patients who
had undiagnosed preoperative IDA, a series of
calculations were made according to evidence-
based assumptions from the literature.

1. It is known that 20–40% of patients having
elective surgery have preoperative anaemia
[5–7, 10, 23, 51, 52]; a figure of 30% was
selected because this represents the median
percentage in the range.

2. Kassebaum et al. stated that 63% of preop-
erative anaemia cases are attributable to
iron deficiency [8], whereas other studies
report that approximately 50% of anaemia
cases are attributable to iron deficiency
[53, 54]. In order to avoid overestimation,
the more conservative figure of 50% was
selected to be used in the population esti-
mation calculations.

3. Generally, more than 90% of patients with
preoperative IDA are not treated for the
condition [55, 56].

On the basis of these assumptions, an esti-
mated 13.5% of patients undergoing elective
surgery are thought to be undiagnosed and
untreated for preoperative IDA; Fig. 1 illustrates
the calculation rationale.

This estimated figure was subsequently
applied to the patient group who had not been
diagnosed with IDA and had received one or
more RBC transfusions. This was based on the
rationale that this patient group, comprising
those undiagnosed and untreated for preopera-
tive IDA, is exposed to the greatest risks when
undergoing elective surgery and receiving RBC
transfusions.
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Reallocation of Patients After
Implementation of PAMs

The aim of this part of the model was to estab-
lish the reallocation of patients based on the
understanding that a proportion of patients
would no longer be considered to have IDA
following treatment with PAMs; in effect, PAMs
had resolved their IDA. To inform these calcu-
lations, the findings of Froessler et al. [30] were
taken into consideration; Froessler reported that
87.5% of a given population would no longer
require a RBC transfusion after the implemen-
tation of PAMs. Figure 2 illustrates the

calculations used in the model to reallocate the
population after implementing PAMs (step 2).

Estimating Impact of PAMs in Germany

The economic impact of the implementation of
PAMs on the target population in Germany was
estimated, via the health economic model, by
the calculation of total hospital cost savings
minus the PAM therapy costs attributable to the
treated patients. The estimation of total hospital
cost savings is derived from the following two
sources:

1. The new distribution of patients among the
four groups according to risk factors. In
short, the implementation of PAMs modi-
fies the original distribution such that there
is a relatively low number of the costliest
patients—those with the two risk factors
(IDA and RBC transfusion). The estimated
average cost per patient for each group and
the comparison of the distribution of
patients between the two scenarios (i.e.
before and after implementing PAMs) give
rise to potential hospital cost savings.

2. The estimated average number of days in
hospital, for each one of the four groups of
patients, and the comparison between the
original and final distribution of patients
yield the number of avoided hospital days
after implementing PAMs. The translation
of potentially avoided hospital days into
cost savings is made by using the average
cost of an elective surgery hospital stay in
Germany.

IDA Treatment Costs
For direct treatment costs necessary to perform
PAMs, i.e. to treat patients with IDA prior to
elective surgery in such a way that they enter
surgery without IDA risks, the costs shown in
Table 1 can be assumed [57, 58].

Avoided Direct Hospital Costs
The estimation of direct hospital costs was
determined as follows: firstly, the average costs
per patient, for each group of patients according
to risk factors, were derived. These average costs

Fig. 1 Footprint calculations used to estimate patients
having elective surgery in 2015 who were undiagnosed/
untreated for preoperative IDA. IDA iron-deficiency
anaemia
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were multiplied by the patient distributions of
the two scenarios (i.e. before and after the
implementation of PAMs) according to Fig. 2,
resulting in a new cost structure. The cost sav-
ings were then calculated by comparing the
total costs of the new scenario with the original
total costs.

Avoided Hospital Days and Additional Cost
Savings
The epidemiological impact of implementing
PAMs was assessed via the PBM health eco-
nomic model, by comparing the total number
of hospital days before and after the imple-
mentation of PAMs. The average number of
hospital days for the original population

(allocation groups a, b, c, d) was derived from
DRG-Statistic 2015. The new patient allocation
based on the implementation of PAMs was then
multiplied by this average number of hospital
days to provide the projected total number of
avoided hospital days for each of the four
groups. The following table shows the average
number of hospital days per person for each
group before the implementation of PAMs,
which was used to calculate the final results:

RBC transfusion No RBC transfusion

IDA (a) 27.83 (b) 11.45

No IDA (c) 23.63 (d) 5.46

Fig. 2 Schematic representation of the potential redistri-
bution of patients after the implementation of PAMs in
the representative sample population of patients in the
Diagnosis-Related Groups Statistic for 2015 who had
undergone elective surgery (N = 4,591,060). Source: RDC
of the Federal Statistical Offices of the Länder, DRG-

Statistic 2015; own calculations [44]. aThe proportion of
13.5% is based on calculations shown in Fig. 1. bThe
proportion of 87.5% is based on the findings of Froessler
et al. [30] IDA iron-deficiency anaemia, PAMs preoper-
ative anaemia measures, RBC red blood cell concentrate
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The total avoided hospital days was calcu-
lated using the following formula:

Avoided hospital days 

after implementation of 

PAMs

=
Number of hospital 

days for the original 

allocation of patients

–
Number of hospital days 

after implementation of 

PAMs

The translation of potentially avoided hos-
pital days into cost savings is made by using the
average cost of an elective surgery hospital stay
in Germany. The average cost of a hospital stay
for a patient having elective surgery in Germany
in 2015 was €844 per day (RDC of the Federal
Statistical Offices of the Länder, DRG-Statistic
2015; own calculations [44]).

Avoided Hospital Deaths
The epidemiological impact of implementing
PAMs was also assessed by comparing the total
number of avoided hospital deaths before and
after the implementation of PAMs.

The 4,591,060 elective patients were cate-
gorised in DRG-Statistic 2015 according to their
reason for hospital discharge. The number of
patients in each of the four groups (a, b, c, d)
who were ‘discharged due to death’ was calcu-
lated, within groups, as a percentage of the total
number of discharges for all reasons; this is
known as the percentage mortality for each of
the four groups. These percentages were then
used to project the number of avoided deaths in
the new allocation of patients based on the
implementation of PAMs. The percentage mor-
talities used for each of the four groups are
shown here:

RBC transfusion No RBC transfusion

IDA (a) 10.31% (b) 0.77%

No IDA (c) 9.79% (d) 0.40%

Source: RDC of the Federal Statistical Offices of the
Länder, DRG-Statistic 2015; own calculations [44]

For calculation of the avoided hospital
deaths, the following two formulas were used:

Formula 1:

Hospital deaths after 

implementation of PAMs
=

New allocation of 

patients after 

implementation of 

PAMs

x

Percentage mortality 

of the group in the 

original allocation of 

patients

Table 1 Costs of preoperative anaemia management per
patient (€, 2016, 500 mg iron)

Description Cost per
patient in
2016 (€)

Explanation

Iron-deficiency

anaemia

therapy

117.59 Intravenous iron

(Fe3?, Ferinject):

dose 500 mga

Laboratory diagnostics

Laboratory

materials

0.18 2 9 S-Monovette

(EDTA, serum)

Laboratory

profile

standard

33.81 Blood count

(differential),

reticulocytes,

creatinine

Personnel costs

Anaemia

diagnostics

14.70 Anamnesis, blood test,

result evaluation:

Doctor = 12 min

Nurse = 5 min

Anaemia

therapy

10.40 Medication,

monitoring:

Doctor = 5 min

Nurse = 10 min

Total 176.68

Source: [57, 58]; own presentation
IV intravenous, PBM patient blood management, RBC red
blood cell concentrate
a If, instead of a 500 mg IV iron dose, 1000 mg is used
throughout, the global cost savings decrease by less than
1%. Further information on the relative treatment costs for
RBC transfusions versus PBM can be found in Gombotz
et al. [56]
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Formula 2:

Avoided hospital 

deaths after 

implementation of 

PAMs

=

Hospital deaths in the 

original allocation of 

patients

–

Hospital deaths after 

implementation of 

PAMs

Univariate Sensitivity Analysis

Since some uncertainty remains regarding the
parameters used to inform the evidence-based
assumptions used in Fig. 1 (to estimate the
proportion of patients who had undiagnosed
preoperative IDA), assumptions about the
parameter bandwidths were set up in order to
perform a univariate sensitivity analysis with
regard to the final results of costs and hospital
days.

In addition, a sensitivity analysis was con-
ducted for the assumption used in Fig. 2 to
inform the calculation of reallocation of
patients with IDA who no longer need a RBC
transfusion after receiving PAMs.

The percentage mortality for each of the four
groups (a, b, c, d) was then used to project the
number of avoided deaths in the new allocation
of patients based on the implementation of
PAMs and based on the scenarios in the sensi-
tivity analysis (minimum, base case, and maxi-
mum scenario).

RESULTS

Total Population

In total, 18.555 million patients were treated in
German hospitals; of these, 4.591 million
patients underwent elective surgery. The average
cost of all patients was €3516 per patient and
€5399 for the target population. The average
hospital stay was 6.29 days for all patients and
6.40 days for the target population. A total of
3.151 million blood bags were given as RBC
transfusion in 2015 (all patients). Of these, 1.026
million RBC blood bags were given to the target
population. See Table 2 for full results for the ‘all
patients’ and ‘elective surgery’ populations.

Target Population

A total of 4,591,060 patients who had under-
gone elective surgery during 2015 were identi-
fied in DRG-Statistic 2015 for inclusion in the
study. Of these, 308,190 patients were identified
as having a diagnosis of anaemia (ICD D50.0,
D50.8, D50.9, D62, and E61.1). In addition,
227,390 patients (both IDA and non-IDA) aged

Table 2 Summary of the results for all patients and those
undergoing elective surgery in Germany in 2015

Description All patients Target
population
(elective
surgery)

Costs (€) 65,247,251,005 24,786,822,690

Hospital days 116,745,220 29,370,510

Patients (cases) 18,555,260 4,591,060

Of which: patients

with iron deficiency

anaemia (ICD

D50.8, ICD D50.9)

318,990 29,170

Of which: patients

iron deficiency (ICD

E61.1)

29,910 3870

Of which: Patients

with bleeding

anaemia (ICD

D50.0, ICD D62)

756,090 275,150

Average costs (€) 3516 5399

Average hospital days 6.29 6.40

Patients with RBC

transfusion

822,810 227,390

RBC blood bagsa 3,150,855 1,025,445

Source: RDC of the Federal Statistical Offices of the
Länder, DRG-Statistic 2015; own calculations [44]
DRG Diagnosis-Related Groups, ICD International Clas-
sification of Disease, RBC red blood cell concentrate
a The number of RBC blood bags is simulated by OPS
code 8–800.c, whereby the class mean is used to calculate
the number of RBC blood bags
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between 0 and 99? years who underwent elec-
tive surgery and had received a RBC transfusion
as part of the procedure were identified from the
database.

The target population of interest comprised
two groups: (1) 29,170 patients (patients with
IDA: ICD D50.8 and D50.9) who had undergone
elective surgery and were diagnosed as preop-
eratively iron deficient, who had either received
(24%) or not received (76%) a RBC transfusion
during their elective surgery procedure (a ? b in
the original allocation); (2) the expanded target
population within the health economic model,
which consists of the identified, undiagnosed
29,714 patients with IDA for whom a PAM was
hypothetically implemented (Fig. 2).

Estimation of Key Epidemiological
and Economic Parameters Using Database
Information

Association Between IDA and Mortality: If a
patient with IDA underwent elective surgery,
their risk of death was calculated to have been
3.6-times higher than that of a patient without

IDA (RR 3.630; 95% CI 3.401, 3.874). Table 3
details the patient numbers and full RR and
odds ratio (OR) results.

Association Between RBC Transfusion and
Mortality: If a patient received a RBC transfusion
during a hospital stay after elective surgery, the
risk of death was 24.6-times higher than in a
non-transfused patient (RR 24.593; 95% CI
24.121, 25.075) (Table 3).

Association Between IDA and RBC Transfusion:
If a patient with IDA underwent elective sur-
gery, the risk of receiving a RBC transfusion was
5.0-times higher than that of a patient without
IDA (RR 5.031; 95% CI 4.928, 5.136) (Table 3).

Average Cost per Patient: The average cost of
treatment was €7883 in patients with IDA
(without RBC transfusion) compared with
€4560 for a patient without IDA; this equates to
a 173% higher cost for patients with IDA
(Table 4). The average cost of treating a patient
with the two risk factors (IDA and RBC trans-
fusion) was €21,744, compared with €4560 for a
patient without either risk factor; this equates to
a 477% higher cost for patients with both risk
factors (Table 4).

Table 3 Associations between IDA and mortality, RBC transfusion and mortality, and IDA and RBC transfusion in
patients in the Diagnosis-Related Groups Statistic for 2015 who had undergone elective surgery (N = 4,591,060)

Risk factor Outcome, n Relative risk (95% CI) Odds ratio (95% CI)

Deceased Not deceased

Association between IDA and mortality

IDA 900 28,300 3.630 (3.401, 3.874) 3.714 (3.473, 3.972)

No IDA 38,760 4,526,300

Association between RBC transfusion and mortality

RBC transfusion 22,270 205,120 24.593 (24.121, 25.075) 27.155 (26.609, 27.713)

No RBC transfusion 17,390 4,349,480

Risk factor Outcome, n Relative risk (95% CI) Odds ratio (95% CI)

RBC transfusion No RBC transfusion

Association between IDA and RBC transfusion

IDA 7080 22,090 5.031 (4.928, 5.136) 6.322 (6.153, 6.496)

No IDA 220,100 4,341,790

CI confidence interval, IDA iron-deficiency anaemia, RBC red blood cell concentrate
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Average Number of Days in Hospital per Patient:
The average number of days in hospital for a
patient with IDA (without RBC transfusion) was
11.45 days, compared with 5.46 days for a
patient without risk factors (Table 4). The aver-
age number of hospital days as an inpatient for
an individual with IDA and RBC transfusion was
27.83 days, compared with 5.46 days for a
patient without risk factors (507%) (Table 4).

Obtaining New Allocation of Patients
After Implementation of PAMs

The impact of implementing PAMs is shown in
Fig. 2 and the final figures are shown in Table 5.

Step 1 Using the estimation that 13.5% of
patients are undiagnosed with IDA, in Table 5
13.5% of the 220,100 patients who had received
a RBC transfusion but were not treated for IDA
would transfer to cell ’a’ as diagnosed with IDA;
29,714 patients were reallocated to the IDA
population row and were added to the existing
7080 patients (total of 36,794 patients).

Step 2 From the findings of Froessler et al.
[30], a value of 87.5% of the 36,794 patients was
considered to be the population that would no
longer require a RBC transfusion after the
implementation of PAMs. Consequently, from

cell ‘a’ 32,194 patients were reallocated to cell
‘d’ (Table 5).

These estimations suggest that the imple-
mentation of PAMs would reduce the number of
patients with IDA receiving a RBC transfusion
to 4599, and the total number of patients
receiving a RBC transfusion would reduce from
227,180 to 194,986 after the implementation of
PAMs (Table 5). The undiagnosed and allocated
patients were included in these model results.

Economic Impact of Implementing PAMs
in Germany

As previously indicated, the estimation of
potential hospital direct cost savings was
derived from two sources (average cost per

Table 4 Average cost and hospital days associated with
treating patients undergoing elective surgery with or
without IDA who either received or did not receive a RBC
transfusion in Germany in 2015

Risk factor Outcome, n

RBC transfusion No RBC transfusion

Average cost of treatment per patient (€)

IDA 21,744 7883

No IDA 21,173 4560

Average hospital days per patient group

IDA 27.83 11.45

No IDA 23.63 5.46

IDA iron-deficiency anaemia, RBC red blood cell
concentrate

Table 5 Patient distribution before and after imple-
menting PAMs in patients in the Diagnosis-Related
Groups Statistic for 2015 who had undergone elective
surgery (N = 4,591,060)

Risk factor Outcome, n Total

RBC
transfusion

No RBC
transfusion

Patient distribution before implementing PAMs

IDA (a) 7080 (b) 22,090 29,170

No IDA (c) 220,100 (d) 4,341,790 4,561,890

Total 227,180 4,363,880 4,591,060

Patient distribution after implementing PAMs

IDA (a) 4599 (b) 22,090 26,689

No IDA (c) 190,387 (d) 4,373,984 4,564,371

Total 194,986 4,396,074 4,591,060

Difference after implementing PAMs

IDA - 2481 0 - 2481

No IDA - 29,713 32,194 2481

Total - 32,194 32,194 0

The variables a, b, c, and d were used in the calculation of
relative risk of RBC transfusion
IDA iron-deficiency anaemia, PAMs preoperative anaemia
measures, RBC red blood cell concentrate
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patient and average number of hospital days)
and combined to give a total hospital cost sav-
ing of implementing PAMs.

Estimation of Hospital Cost Savings Using
Mean Cost per Patient
The average costs per patient for elective surgery
treatment both with and without a RBC trans-
fusion in patients with and without IDA are
shown in Table 6; this also details the total
hospital direct costs of treatment of patients
with and without IDA before and after the
implementation of PAMs. The total hospital
costs for 2015 were €65,247 million [59]. It was
estimated that the implementation of PAMs in
the German population studied would have
resulted in an annual hospital direct cost saving
of €536 million.

Estimation of Hospital Cost Savings Using
Average Number of Hospital Days
The average cost of a hospital stay for a patient
having elective surgery in Germany in 2015 was
€844 per day (RDC of the Federal Statistical
Offices of the Länder, DRG-Statistic 2015; own
calculations [44]). The estimated number of
annual hospital days for patients having elec-
tive surgery was projected to be reduced by
596,070 days after the implementation of PAMs
(Table 7). This equates to an estimated annual
additional cost saving of €503 million for 2015
if PAMs had been implemented. These addi-
tional cost savings result from a lower utiliza-
tion/occupancy rate of hospital beds. The cost
savings from a lower occupancy rate can then
be used to improve efficiency. There is no dou-
ble counting of costs, as the avoidable direct
hospital costs refer to reduced treatment costs
(e.g. fewer complications) and the avoidable
costs relate to reduced inpatient infrastructure
use.

Estimation of Total Hospital Cost Savings
of Implementing PAMs
The aggregated impact on hospital cost savings
accounts for €1039 million (€536 mil-
lion ? €503 million). It was estimated there
were 58,884 undiagnosed and existing patients
with IDA in the German population during

2015. The average cost per patient of IDA ther-
apies in Germany during 2016 was €176.68
(with no differences in costs reported between
2015 and 2016, see Table 1) [57, 58]. The annual
cost of implementing PAMs in Germany was
estimated to be €10.4 million. Therefore, the
net hospital direct cost saving of implementing
PAMs in Germany for 2015 would have been
€1029 million. This accounts for approximately
1.58% of total hospital direct costs of the Ger-
man healthcare system.

The annual cost of implementing PAMs in
Germany is estimated to be €10.4 million,
whereby 58,884 patients with IDA would
receive IDA therapy preoperatively. If, instead
of a 500 mg IV iron dose, 1000 mg was used
throughout (see footnote to Table 1), the cost
would be €17.3 million.

Table 6 Estimated economic impact of implementing
PAMs in patients in the Diagnosis-Related Groups
Statistic for 2015 who had undergone elective surgery
(N = 4,591,060) with and without IDA

Outcome, n Total

RBC

transfusion

No RBC

transfusion

Average cost per patient (€)

IDA 21,744 7883

No IDA 21,173 4560

Total hospital direct cost before implementing PAMs (€)

IDA 153,947,520 174,135,470 24,786,822,690

No IDA 4,660,177,300 19,798,562,400

Total hospital direct cost after implementing PAMs (€)

IDA 100,004,733 174,135,470 24,250,562,033

No IDA 4,031,053,365 19,945,368,465

Total hospital direct cost savings of implementing PAMs (€)

IDA 53,942,787 0 536,260,658

No IDA 629,123,936 - 146,806,065

IDA iron-deficiency anaemia, PAMs preoperative anaemia mea-

sures, RBC red blood cell concentrate
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Epidemiological Impact of Implementing
PAMs in Germany

On the basis of the new patient allocation after
implementation of PAMs, it was projected that a
total of 3036 hospital deaths would have been
avoided if PAMs were implemented in Germany
in 2015 (Table 8).

Univariate Sensitivity Analysis

Estimation of Patients Undiagnosed/Untreated
for Preoperative IDA
A univariate sensitivity analysis was conducted
to assess the robustness of the results regarding
the evidence-based data used to inform the
estimate of patients having elective surgery in
2015 who were undiagnosed/untreated for pre-
operative IDA. In order to be able to estimate
the sensitivity, ranges were defined for the
individual assumptions. The entry into and exit
from the bandwidth are always 10% below and
10% above the known value, respectively. The

following ranges were formulated for the three
evidence-based assumptions used in Fig. 1:

• Range for assumption 1 [0.10; 0.50], step size
[0.05]

• Range for assumption 2 [0.40; 0.70], step size
[0.05]

• Range for assumption 3 [0.80; 1.00], step size
[0.05]

If the lowest and highest values of the ranges
of assumptions 1–3 are multiplied by each other
(lowest range: 0.10 9 0.40 9 0.80; highest
range: 0.50 9 0.70 9 1.00), a common range is
obtained: [0.032; 0.350]. The following values
are assumed for the univariate sensitivity anal-
ysis for calculation: [0.032; 0.135; 0.350].

For these parameter values, results were then
derived from the new distribution of patients
after the implementation of PAMs. This means
that the patient numbers were recalculated with
the values 0.032–0.350. According to the
patient redistribution model, the patients with
undiagnosed IDA were redistributed from

Table 8 Estimation of avoided hospital deaths by imple-
menting PAMs in patients in the Diagnosis-Related
Groups Statistic for 2015 who had undergone elective
surgery (N = 4,591,060)

Outcome, n Total

RBC
transfusion

No RBC
transfusion

Total hospital deaths before implementing PAMs

IDA 730 170 39,640

No IDA 21,540 17,200

Total hospital deaths after implementing PAMs

IDA 474 170 36,604

No IDA 18,632 17,328

Total avoided hospital deaths as a consequence of

implementing PAMs

IDA 256 0 3036

No IDA 2908 - 128

IDA iron-deficiency anaemia, PAMs preoperative anaemia
measures, RBC red blood cell concentrate

Table 7 Estimation of avoided hospital days by imple-
menting PAMs in patients in the Diagnosis-Related
Groups Statistic for 2015 who had undergone elective
surgery (N = 4,591,060)

Outcome, n Total

RBC
transfusion

No RBC
transfusion

Total hospital days before implementing PAMs

IDA 197,330 253,050 29,370,510

No IDA 5,205,690 23,714,440

Total hospital days after implementing PAMs

IDA 128,186 253,050 28,774,440

No IDA 4,502,922 23,890,282

Total avoided hospital days as a consequence of

implementing PAMs

IDA 69,144 0 596,070

No IDA 702,768 - 175,842

IDA iron-deficiency anaemia, PAMs preoperative anaemia
measures, RBC red blood cell concentrate
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population ‘c’ to population ‘a’. The results are
presented in Table 9.

Estimation of Reallocation of Patients
with IDA Who No Longer Need RBC
Transfusion After Receiving PAMs
A sensitivity analysis was also conducted on the
data supporting the assumption used to esti-
mate the reallocation of patients with IDA who
no longer need a RBC transfusion after receiving
PAMs (Fig. 2). The following range was formu-
lated for this:

• Range for assumption used in Fig. 2 [0.80;
0.95], step size [0.05]

The following values are assumed for the
univariate sensitivity analysis: [0.80; 0.85;
0.875; 0.90; 0.95]. The minimum scenario
(0.80), the base case scenario (0.875), and the
maximum scenario (0.95) were determined. The
results for these three scenarios are presented in
Table 9.

The results of the sensitivity analysis (mini-
mum, base case, and maximum scenario) for
IDA treatment costs, avoidable direct hospital

Table 9 Univariate sensitivity analysis for the minimum, base case and maximum scenarios regarding the costs of imple-
menting PAMs in Germany

Parameter1 a b c d

Original data

scenario

7080 22,090 220,100 4,341,790

Parameter1 a b c d Patients reallocated from cell c to a

Estimation of number of patients undiagnosed/untreated for preoperative IDA2

Minimum scenario 0.032 14,123 22,090 213,057 4,341,790 7043

Base case scenario 0.135 36,794 22,090 190,387 4,341,790 29,714

Maximum scenario 0.350 84,115 22,090 143,065 4,341,790 77,035

Parameter1 a b c d Patients reallocated from cell a to d

Estimation of reallocation of patients with IDA who no longer need RBC transfusion after receiving PAMs3

Minimum scenario 0.80 2825 22,090 213,057 4,353,089 11,299

Base case scenario 0.875 4599 22,090 190,387 4,373,984 32,194

Maximum scenario 0.95 4206 22,090 143,065 4,421,699 79,909

IDA iron-deficiency anaemia, PAMs preoperative anaemia measures, RBC red blood cell concentrate
1 a—IDA ? RBC transfusion; b—IDA ? no RBC transfusion; c—no IDA ? RBC transfusion; d—no IDA ? no RBC
transfusion
2 Assumptions: (1) it is known that 20–40% of patients having elective surgery have preoperative anaemia
[5–7, 10, 23, 51, 52]; a figure of 30% was selected because this represents the median percentage in the range. (2) Kassebaum
et al. stated that 63% of preoperative anaemia cases are attributable to iron deficiency [8], whereas other studies report that
approximately 50% of anaemia cases are attributable to iron deficiency [53, 54]. In order to avoid overestimation, the more
conservative figure of 50% was selected to be used in the population estimation calculations. (3) Generally, more than 90%
of patients with preoperative IDA are not treated for the condition [55]
3 Assumption: From the findings of Froessler et al. [30], a base case scenario value of 87.5% in the range [80.0%; 95.0%]
was considered to be the population that would no longer require a RBC transfusion after the implementation of PAMs.
Consequently, 87.5% of patients from cell ‘a’ were reallocated to cell ‘d’, because it was assumed their IDA had been resolved
by receiving treatment with PAMs
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costs, avoidable hospital days (additional cost
savings), total cost savings, and total cost sav-
ings as a percentage of the total national hos-
pital budget for Germany are presented in
Table 10.

Avoidable Deaths Following Implementation
of PAMs
A sensitivity analysis was conducted to establish
the minimum, base case, and maximum sce-
nario for the number of deaths which could
have potentially been avoided if PAMs had been
implemented in Germany in 2015. As described
earlier, the following ranges were formulated for
this:

• Range for assumption used in Fig. 1 [0.032;
0.350]

• Range for assumption used in Fig. 2 [0.80;
0.95]

The minimum scenario (0.032 and 0.80), the
base case scenario (0.135 and 0.875), and the

maximum scenario (0.350 and 0.95) were
determined. The percentage mortality for each
of the groups was then used to project the
number of avoided deaths in the new allocation
of patients based on the implementation of
PAMs. In the minimum scenario, 1083 deaths
were avoidable, in the base case scenario the
number of avoidable deaths was 3036, and in
the maximum scenario it is estimated that 7518
lives could have been saved with the imple-
mentation of PAMs.

DISCUSSION

This study demonstrates the epidemiological
impact and economic costs to the German
healthcare system of untreated preoperative
IDA for patients undergoing elective surgery.
Preoperative IDA is known to be associated with
a range of risk factors, including increased
likelihood of receiving a RBC transfusion
[4, 20]. Calculations based on representative

Table 10 Results of the univariate sensitivity analysis for the minimum, base case, and maximum scenario regarding the
estimated costs of implementing PAMs in Germany, the direct hospital costs avoided, the cost of hospital days avoided, total
cost savings, and what percentage of the total hospital direct costs of the German healthcare system could have potentially
been saved on the implementation of PAMs in Germany in 2015

Costs
(2015, €)

Costs of
implementing
PAMs in
Germany

Avoided direct
hospital costs (%
reduction for target
population)

Costs of avoidable
hospital days
(additional cost
savings)

Total net
cost savings

a % net
savings
(all
patients)

b % net
savings
(target
population)

Minimum

scenario

0.032

6,398,148 190,132,788 (- 0.77%) 188,611,688 372,346,328 0.571 1.502

Base case

scenario

0.135

10,403,537 536,260,658 (- 2.16%) 503,082,907 1,028,940,028 1.577 4.151

Maximum

scenario

0.350

18,764,299 1,329,173,567

(- 5.36%)

1,237,003,891 2,547,413,159 3.904 10.277

Source: RDC of the Federal Statistical Offices of the Länder, DRG-Statistic 2015; own calculations [44]
DRG Diagnosis-Related Groups, PAMs preoperative anaemia measures
a Net savings as a percentage of the total hospital direct costs of the German healthcare system (all patients):
€65,247,251,005
b Net savings as a percentage of the total hospital direct costs of the German healthcare system (target population [elective
surgery]): €24,786,822,690
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hospital data suggest that a patient with IDA
had a five-times higher risk of receiving a RBC
transfusion during elective surgery than a
patient without IDA. In addition, preoperative
IDA and receiving a RBC transfusion were both
associated with increased mortality and hospital
costs.

The knowledge of the risks associated with
preoperative IDA led to the exploration of PBM,
and specifically PAMs, as a clinical approach to
the management of preoperative anaemia in
patients having elective surgery. To our knowl-
edge, this is the first study to carry out a com-
prehensive model-based secondary data analysis
with representative hospital data (DRGs) for an
entire country to demonstrate the beneficial
impact of the implementation of PAMs for
patients with preoperative IDA, both in routine
clinical practice and at a wider healthcare sys-
tem level. It should be noted that the study by
Froessler et al. [30] already shows similar posi-
tive effects; however, that randomized clinical
trial was based on a far smaller cohort and
without specific DRGs.

The cost modelling used in this study shows
that, for the population studied, the imple-
mentation of PAMs would help to ameliorate
the impact of IDA for patients undergoing
elective surgery. The positive benefits were most
marked for the patient population with IDA and
receiving a RBC transfusion, likely because these
patients face the full array of heightened risks
associated with both preoperative IDA and RBC
transfusion. Because this population is the
costliest to treat, the associated healthcare rep-
resents a substantial burden to the healthcare
system; therefore, the introduction of a clinical
management approach that would reduce this
burden offers benefits to both the healthcare
system and the patient. Other PBM measures to
reduce patient risk, such as avoiding unneces-
sary blood loss during and after surgery and an
economical RBC transfusion regimen, were not
modelled when quantifying the cost savings.
However, it is anticipated that the additional
cost and benefit effects that could be achieved
with those measures would be similarly
impactful.

The results of this analysis demonstrate that
the overall cost saving for the German

healthcare system would be significant after the
implementation of PAMs for patients undergo-
ing elective surgery. For 2015, it was calculated
that a net cost saving of €1029 million could
have been made; equivalent to almost 1.58% of
the total national hospital budget for Germany.
This is the base case scenario; results of the
sensitivity analysis suggest that when a maxi-
mum scenario is considered the saving could be
as much as €2547 million (3.90% of hospital
budget). The net cost saving includes lower
direct and indirect costs. Lower direct costs from
complication-free patient care result in lower
direct treatment costs, such as lower personnel
costs and less material used, e.g. RBC blood bags.
Additional cost savings through saved treatment
days and hospital capacity result in a reduction
of the bed occupancy rate. This leads to a real-
location of hospital beds; fewer hospital beds
can relieve burdens on health insurance funds
and hospital staffing. It could therefore be con-
sidered that the implementation of PBM could
provide reduced hospital direct treatment and
indirect costs, while at the same time improving
patient care. The analysis shows that direct and
indirect cost savings are somewhat balanced
(direct cost saving of €536 million, indirect cost
saving of €503 million).

The findings of this study support the
adoption of the best practice guidelines pub-
lished by Munoz et al. [4]. These statements
include a diagnostic approach for anaemia and
iron deficiency in surgical patients; identifica-
tion of patients appropriate for treatment; and
advice on practical management and follow-up.
When other specific population-based studies in
the literature are considered, the findings from
this study are in alignment. Calvet et al. con-
ducted a study of 282 patients with colorectal
cancer and anaemia, in which the cost impacts
of three iron replacement strategies for reducing
the use of RBC transfusion were assessed using
cost-minimisation analyses. Intravenous ferric
carboxymaltose therapy reduced hospital stay
by 2.3 days compared with iron sucrose and by
2.6 days compared with oral iron therapy,
resulting in cost savings of €485 and €274 per
patient, respectively [60]. In a comparative cost
assessment of intravenous iron supplementa-
tion options (including blood transfusion) to
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the healthcare economy in the UK, it was con-
cluded that blood, as a source of iron, is
expensive and is the least attractive option from
a cost perspective [61]. Moreover, in a recent
assessment of the cost benefits of PAMs in a
German population, Froessler et al. reported
that perioperative administration of PAMs
resulted in hospital cost savings (€786 per case)
based on reduced blood transfusions and length
of stay after elective abdominal surgery [62].

There are, however, some potential limita-
tions to this study. First, it should be noted that
the ICD coding of IDA is not optimised
throughout the entire healthcare provision,
starting in the doctor’s surgery, and continuing
in the hospital. In Germany, this is partly
because laboratory tests for IDA are state-regu-
lated in terms of quantity and price, and con-
sequently a service provider may be exposed to
negative economic incentives when conducting
these tests. This is likely to lead to an underre-
porting of IDA in clinical practice and an
observed event rate for IDA that is lower than
that previously reported in the literature. In this
study, the data are derived from a single country
population; however, because the German
healthcare system shares many commonalities
with healthcare systems of other developed
nations, the findings could be considered rele-
vant beyond Germany. The results presented
relate to the German healthcare system in 2015;
more up-to-date data sets are now available, and
it is conceivable that the existing analysis could
also be applied to the German DRG Statistics
2016 and DRG Statistics 2017 to explore whe-
ther comparable results can be generated. The
development of the model was based on a series
of evidence-based assumptions derived from the
literature; because these numerical assumptions
were based on previous studies and somewhat
limited data, it is possible that this could
introduce a risk of inaccuracy in the subsequent
calculations. In order to limit this risk, a uni-
variate sensitivity analysis was conducted. With
regard to confounding, on the basis of the data
and analysis structure used, we were only able
to depict any confounding, if there was any,
through the selection of subgroups and group-
ing logics, but not through regression analyses
or similar. Future analyses could incorporate

this. It would be possible to carry out further
analysis of the data set by age group; however,
this was not conducted as such a reduction in
the number of patients per group would result
in an undesirable increase in the coefficients of
variation.

It is a strength of our study that data were
derived from a comprehensive and detailed
large database including elective surgery of all
types, in patients of all ages. In addition, all
numerical assumptions that formed the basis of
the model were averaged and generally consid-
ered conservative (e.g. in the calculation, 30%
was selected as the proportion of preoperative
patients with anaemia, whereas the range from
the literature in fact spanned 20–40%), sug-
gesting that the impact of implementing PAMs
could in fact be much greater than that reported
here. Sensitivity analysis allowed the range of
impact of PAMs to be examined in more detail;
this showed that the influence of an imple-
mentation of PAMs could be smaller, but also
significantly larger than the base case suggests.

This large database analysis has shown that
the implementation of PAMs for patients of all
ages undergoing elective surgery would provide
a host of benefits in terms of health economics,
epidemiology, and favourable patient out-
comes. It is hoped that these results will inform
recommendations in the future on the man-
agement of patients having elective surgery.

CONCLUSIONS

The model developed in this analysis provides a
simple method for calculating the impact of
addressing IDA for preoperative patients
undergoing elective surgery and illustrates the
epidemiological and economic potential for
implementing PAMs in a large population.

The impact estimates can be assessed at both
patient and healthcare system levels. The model
estimates show that a significant number of
deaths, hospital treatments, and costly hospital
days could have been avoided by the imple-
mentation of PAMs in Germany. On the basis of
the calculations in this study for 2015, the
potential cost savings of implementing PAMs
were substantial, accounting for approximately
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1.58% of the total annual hospital costs in
Germany. The model described here could
readily be adapted to other healthcare systems.
Not only would the implementation of PAMs
offer economic benefits at a national healthcare
level, but the real health benefits to patients of
reduced risk of receiving a blood transfusion
are also evident.
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Krankenhäusern. 2015. https://www.statistischebi
bliothek.de/mir/servlets/MCRFileNodeServlet/DEH
eft_derivate_00029136/2120640157004_korr19012
017.pdf. Accessed June 2020.

60. Calvet X, Gene E, AngelRuiz M, et al. Cost-mini-
mization analysis favours intravenous ferric car-
boxymaltose over ferric sucrose or oral iron as

Adv Ther (2020) 37:3515–3536 3535

https://www.forschungsdatenzentrum.de/en/10-21242-23141-2015-00-00-1-2-0
https://www.forschungsdatenzentrum.de/en/10-21242-23141-2015-00-00-1-2-0
https://www.forschungsdatenzentrum.de/en/10-21242-23141-2015-00-00-1-2-0
https://www.dimdi.de/dynamic/en/classifications/ops/
https://www.dimdi.de/dynamic/en/classifications/ops/
https://www.dgepi.de/assets/Leitlinien-und-Empfehlungen/Practice-in-Secondary-Data-Analysis.pdf
https://www.dgepi.de/assets/Leitlinien-und-Empfehlungen/Practice-in-Secondary-Data-Analysis.pdf
https://www.dgepi.de/assets/Leitlinien-und-Empfehlungen/Practice-in-Secondary-Data-Analysis.pdf
https://www.forschungsdatenzentrum.de/sites/default/files/rdc_regulations_short_0.pdf
https://www.forschungsdatenzentrum.de/sites/default/files/rdc_regulations_short_0.pdf
https://www.forschungsdatenzentrum.de/sites/default/files/rdc_general_terms_of_use.pdf
https://www.forschungsdatenzentrum.de/sites/default/files/rdc_general_terms_of_use.pdf
https://www.forschungsdatenzentrum.de/sites/default/files/rdc_general_terms_of_use.pdf
https://www.statistischebibliothek.de/mir/servlets/MCRFileNodeServlet/DEHeft_derivate_00029136/2120640157004_korr19012017.pdf
https://www.statistischebibliothek.de/mir/servlets/MCRFileNodeServlet/DEHeft_derivate_00029136/2120640157004_korr19012017.pdf
https://www.statistischebibliothek.de/mir/servlets/MCRFileNodeServlet/DEHeft_derivate_00029136/2120640157004_korr19012017.pdf
https://www.statistischebibliothek.de/mir/servlets/MCRFileNodeServlet/DEHeft_derivate_00029136/2120640157004_korr19012017.pdf


preoperative treatment in patients with colon can-
cer and iron deficiency anaemia. Technol Health
Care. 2016;24(1):111–20.

61. Bhandari S. Update of a comparative analysis of cost
minimization following the introduction of newly
available intravenous iron therapies in hospital
practice. Ther Clin Risk Manag. 2011;7:501–9.

62. Froessler B, Rueger AM, Connolly MP. Assessing the
costs and benefits of perioperative iron deficiency
anemia management with ferric carboxymaltose in
Germany. Risk Manag Healthc Policy. 2018;11:
77–82.

3536 Adv Ther (2020) 37:3515–3536


	Estimating the Epidemiological and Economic Impact of Implementing Preoperative Anaemia Measures in the German Healthcare System: The Health Economic Footprint of Patient Blood Management
	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Introduction
	Patient Blood Management
	Preoperative Anaemia Measures
	German Inpatient Healthcare System

	Methods
	Identification of Population of Interest
	Compliance with Ethics Guidelines

	Health Economic Model
	Rationale for Estimating Epidemiological and Economic Impact
	Methodology for Estimation of Relative Risks

	Estimating Size of Population with Undiagnosed IDA
	Reallocation of Patients After Implementation of PAMs
	Estimating Impact of PAMs in Germany
	IDA Treatment Costs
	Avoided Direct Hospital Costs
	Avoided Hospital Days and Additional Cost Savings
	Avoided Hospital Deaths

	Univariate Sensitivity Analysis

	Results
	Total Population
	Target Population
	Estimation of Key Epidemiological and Economic Parameters Using Database Information
	Obtaining New Allocation of Patients After Implementation of PAMs
	Economic Impact of Implementing PAMs in Germany
	Estimation of Hospital Cost Savings Using Mean Cost per Patient
	Estimation of Hospital Cost Savings Using Average Number of Hospital Days
	Estimation of Total Hospital Cost Savings of Implementing PAMs

	Epidemiological Impact of Implementing PAMs in Germany
	Univariate Sensitivity Analysis
	Estimation of Patients Undiagnosed/Untreated for Preoperative IDA
	Estimation of Reallocation of Patients with IDA Who No Longer Need RBC Transfusion After Receiving PAMs
	Avoidable Deaths Following Implementation of PAMs


	Discussion
	Conclusions
	Acknowledgements
	References




