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The three risk factors

With plannable and non-plannable interventions in the hospital

(particularly: surgery / surgical interventions) three risk factors for patients

can be identified:

1. Anaemia

2. Blood loss

3. Transfused RBC products (allogeneic)

▪ Risk factors can negatively affect treatment results (outcome)

and treatment  costs.

▪ Hence Patient Blood Management (PBM) is the heading for  

actions to reduce the three risk factors.
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Definition of PBM

“Patient Blood Management (PBM) is a pre-, intra- and postoperative set  

of actions …

▪ to avoid anaemia,

▪ to reduce unnecessary blood loss in the hospital, and

▪ to use allogeneic blood products adequately (in particular: erythrocyte

concentrates/ECs).”

Groups of PBM interventions and actions

1. Prevention and management of anaemia: Diagnostics and treatment

of preoperative anaemia (prior to elective interventions involving a

transfusion risk > 10%).

2. Reduction / prevention of unnecessary blood loss in the hospital:

Minimising intraoperative blood loss; minimising blood collection for

laboratory diagnostics; all measures with allogeneic blood-sparing

effects.

3. Patient-friendly use of allogeneic blood products: Exhausting 

anaemia tolerance, restrictive transfusion triggers.
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Significance of PBM for the target groups in the health care system

▪ Patient: Improved health (“benefit”); reduced morbidity; fewer sick

days and days of absence from work; lower likelihood for reduction in

earning capacity; reduced mortality.

▪ Hospital: Improved patient care (“quality”); lower surgical complication

rates; reduced length of stay in the hospital; fewer reoperations; lower

infection rates and fewer rehospitalisations; less frequent intensive-

medical care

▪ Outpatient sector: Improved care management by cross-

sector cooperation (pre and post hospitalisation)

▪ Cost  carrier:  Promoting  efficient  allocation;  reduced treatment costs 

(e.g., reduced DRG expenditures, lower number of hospitalised

patients) and follow-up costs (sickness cash benefits, rehabilitation, 

outpatient costs, and drug therapy costs)

▪ Health politics: Ensuring economy and patient safety (“cost/benefit”)
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➢ In the EU14 comparison, in no other country the amount of blood donated  

and used is a high as in Germany!
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➢ The demographic change will cause an increase in the number of blood  

products required.

➢ Blood donation services:

▪ Number of blood donors is declining.

▪ Baby boomers (age 65 to 90 years): increasing demand for ECs.
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Studies with heterogeneous content; nevertheless with a clear  

picture:

➢ Preoperative anaemia leads to a poorer outcome and higher costs in  

surgery.

➢ EC transfusions also lead to a poorer outcome and higher costs.

➢ Ultimately, preoperative anaemia increases the likelihood of EC 

transfusions.

➢ PBM is an appropriate set of actions to improve outcomes and 

reduce costs.

50-100 studies on this subject:

▪ Preoperative anaemia: Prevalence and effects

▪ EC transfusions: Effects on outcome and cost perspective

▪ PBM: Intravenous iron therapy, effects of PBM programmes and cost  

perspective
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Intermediate result 1:

➢ (Preoperative) anaemia is frequently diagnosed before operations

and may be assumed in 20 to 40% of all surgical patients in the

hospital.

➢ In all probability, half of these anaemia cases are attributable to iron

deficiency, and 90% of all preoperative anaemias are {supposedly}

not treated preoperatively.

➢ Assuming that 30% of all surgical patients are anaemic, half of them

due to iron deficiency, and additionally assuming that 90% of these

patients do not receive preoperative treatment, then, “on average”:

13.5% of all surgical patients are highly probable to present with

(undiagnosed) untreated preoperative iron deficiency anaemia.
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Intermediate result 2:

➢ Preoperative anaemia is a risk factor for patients.

➢ Hence, a two to threefold increase in mortality is observed

in preoperatively anaemic patients.

➢ Moreover, the length of stay in the hospital is increased by several

days (approx. +25%) and, therefore, also the costs from the

hospitals’ and cost carriers’ perspective.

➢ In addition, the risk of receiving an EC transfusion increases, again

entailing further risks and costs.

➢ Negative outcomes are also more frequent in preoperatively anaemic

patients: the need for postoperative intensive-medical care increases

(with the severity of the anaemia), morbidity rises, e.g. from renal

damage and/or infections.
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PBM context: 5 relevant ICD-10-GM codes

▪ D50.0: Iron deficiency anaemia secondary to blood loss (chronic)

▪ D50.8: Other iron deficiency anaemias

▪ D50.9: Iron deficiency anaemia, unspecified

▪ D62: Acute posthaemorrhagic anaemia

▪ E61.1: Iron deficiency
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Database (§ 21 KHEntgG / Sect. 21 Hospital Reimbursement Act)

Research Data Centre (RDC) of the Federal and Statistical Offices of the

Länder. DRG-Statistik 2015, own calculations.

▪ 2015 DRG Statistics is made accessible for research purposes by the

Federal Statistical Office.

▪ Use of 2015 DRG Statistics via the research project “Control of risk

factors via patient-individualized haemotherapy” at the Clinic for

Anaesthesiology, Intensive Care Medicine and Pain Therapy of

Frankfurt University Hospital.

▪ Sociodemographic characteristics (e.g. age and sex)

▪ Medical characteristics (e.g. ICD and OPS)

▪ Accounting characteristics (e.g. DRG proceeds)

▪ Other characteristics (e.g. outcome characteristics)

▪ 10% random sample from the complete survey patients (approx. 1.8

million patients)
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Three ICD aggregates (secondary diagnoses)

A) Preoperative anaemia: Iron deficiency anaemia (D50.8 + D50.9)

B) Intra- and postoperative anaemia: Anaemia secondary to blood loss /

haemorrhage (D50.0 + D62)

C) Iron deficiency (E61.1)

Patient groups

(1) All patients, undifferentiated (“all patients”)

(2) In-patients with elective surgery (“focus group”)

− No semi-in-patient, pre-inpatient or out-patient treatment

− No childbirths or in-patient deliveries

− No emergency cases, no occupational or other accidents

(only “normal cases”)

− No patients with flat-rate payments outside of DRG partition “O”

(surgical payment)
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➢ Relative risk describes the extent to which

there is an association (dependency,

causality) between risk factor (iron deficiency

anaemia) and therapy (EC transfusion).

➢ Results for RR > 2.6: Strong association /

serious causality is likely.

Hedderich/Sachs (2016)

➢ A dependency between risk factor and

therapy ist likely if 5 conditions are met::

1. Repeatability of the association, the effect,

both in different studies and in different

subgroups of the same study.

2. The nature of the effect should be clear such

as in a dose-effect relationship.

3. The effect should be specific with regard to

cause and effect.

4. The cause must always precede the effect.

5. The effect should be biologically plausible

and experimentally reproducible as far as

possible.
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▪ 01y Treatment completed regularly

▪ 02y Treatment completed regularly, post-discharge treatment planned

▪ 03y Treatment terminated for other reasons

▪ 04y Treatment terminated against medical advice

▪ 059 Change of responsibility of the cost carrier (for per day remuneration)

▪ 069 Transfer to another hospital

▪ 079 Death

▪ 089 Transfer to another hospital as part of a cooperation

▪ 099 Discharge to a rehabilitation facility

▪ 109 Discharge to a care facility

▪ 119 Discharge to a hospice

▪ 139 External transfer for psychiatric treatment

▪ 14y Treatment terminated for other reasons, post-discharge treatment planned

▪ 15y Treatment terminated against medical advice, post-discharge treatment planned

▪ 179 Internal transfer with change between the partitions of the DRG flat-rate  payments, according to 

the National Hospital Rate Ordinance (BPflV), or for special  facilities pursuant to Sect. 17b subsect. 

1 sentence 15 Hospital Law (KHG)

Outcome perspective:

„Reason for discharge and transfer“ (§ 21 KHEntgG)

▪ y = 1 „discharged fit for work “

▪ y = 2 „discharged unfit for work “

▪ y = 9 „no details on fitness for work“
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All patients: summary statistics

Focus group: summary statistics

Description

Iron deficiency
anaemia  

[number of
persons, Aggr.A]

Posthaemorrhagic
anaemia  

[number of  
persons, Aggr. B]

Iron deficiency  
[number of  

persons, Aggr. C]

E1 - Treatment completed, discharged fit for work 13,100 18,850 930

E2 - Treatment completed, discharged unfit for work 100,980 173,100 6,480

E3 - Treatment completed, no details on fitness for work 166,340 322,690 17,720

E4 - Transfer to another hospital 11,600 64,630 1,250

E5 - Death or transfer to a hospice 8,890 62,450 980

E6 - Discharge to a rehabilitation facility 5,720 86,630 900

E7 - Discharge to a care facility 13,060 30,440 1,670

E8 - Other discharges 530 1,710 210

Total 320,220 760,500 30,140

Aggregate

Iron deficiency
anaemia  

[number of
persons, Aggr.A]

Posthaemorrhagic
anaemia  

[number of  
persons, Aggr. B]

Iron deficiency  
[number of  

persons, Aggr. C]

E1 - Treatment completed, discharged fit for work 1,160 5,850 100

E2 - Treatment completed, discharged unfit for work 7,820 52,710 1,170

E3 - Treatment completed, no details on fitness for work 15,410 113,650 1,970

E4 - Transfer to another hospital 1,460 25,780 220

E5 - Death or transfer to a hospice 900 16,730 110

E6 - Discharge to a rehabilitation facility 1,940 55,690 250

E7 - Discharge to a care facility 480 4,540 60

E8 - Other discharges 30 380 0

Total 29,200 275,330 3,880
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Focus group: association between RBC (ECs transfusion) and mortality

Association 1:

➢ If a patient receives – for whatever reasons – an EC blood transfusion in the

course of an elective surgery, this patient’s mortality risk is increased 25-fold

as compared to an elective surgery without RBC transfusion (EC).
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Focus group: Association between iron deficiency anaemia and mortality

Association 2:

➢ If a patient with iron deficiency anaemia undergoes a plannable surgery, this

patient’s mortality risk is increased almost 4-fold.



© Institut für Mikrodaten-Analyse (IfMDA)
54

Chapter 1: Introduction

0. Structure of the expertise

Chapter 2: Blood products

Chapter 3: PBM study and data situation

Chapter 4: Aggregated statistics

Chapter 5: Individual analysis 

Chapter 6: PBM footprint modelling



© Institut für Mikrodaten-Analyse (IfMDA)

6. PBM footprint modelling 
6.1 Initial considerations

55

Definition Patient Blood Management footprint (PBM footprint):

▪ “Balance from savings and costs which can be achieved by PBM

actions/measures.”

▪ PBM actions are a pre-, intra- and postoperative set of measures

consisting of 3 pillars:

− Pillar 1: Prevention and management of (iron deficiency) anaemia

− Pillar 2: Measures to reduce or avoid unnecessary blood loss in the

hospital

− Pillar 3: Patient-friendly use of RBC products (EC transfusions)
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AC: Avoidable cost from preoperative anaemia management

➢ Treatment risks ↓ (elective operations)

➢ Quality of care ↑ & quality of life ↑

➢ Treatment costs ↓ & follow-up costs ↓

➢ Costs avoided  potentially avoidable costs

➢ “What-if” analysis:

✓ What effects are likely if the risks from iron deficiency anaemia

and associated EC transfusions (RBC) are not realized.

TC: Therapy and treatment costs incurred by PBM

TC = € 176.68  58,884 = € 10 mill.

58,884 = 29,170 (Tab. 6.1) x 0.135 (intermediate result 1) x 220,100 (Tab. 6.1)

176.68 Tab. 3.3 (p. 92)
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Final result:

➢ Global preoperative anaemia management results in a profit for society (PBM

footprint) to the amount of € 8.769  10³ mill.

Conclusions (1/2)

➢ Preoperative anaemia management not globally implemented results in:

− Unnecessary deaths

− Unnecessary expenditures for statutory and private health insurances

− Overuse of hospital infrastructure

− Poorer outcome quality for patients and their families
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Conclusions (2/2)

➢ Moreover, the economical profit for society is increased significantly if, in  

addition to preoperative anaemia management (Pillar 1), intra- and  

postoperative measures are implemented in the hospitals, including:

− Measures to reduce or avoid unnecessary blood loss (Pillar 2) and

− Patient-friendly use of allogeneic blood products (Pillar 3).

➢ The potentials of Pillars 2 and 3 are immense:

− See values for “Aggregate B” in Tables 5.4 through 5.11!
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Thank you for your attention!


