
Dept. of Anesthesiology, Intensive Care Medicine & Pain Therapy

University Hospital Frankfurt

Director: Professor Kai Zacharowski, MD PhD ML FRCA

Patient Blood Management

State of the Art

The Frankfurt PBM Team

Košice CEEA 2017



Projekt / Datum / Name



COI

During the last 3 years I have received research grants, consultant/speaker honoria as well as
financial support for continuous education of my department :

German Research Foundation (ME 3559/1-1, ME 3559/3-1, SFB 834 B4, SFB 815 A17, KFO TP07), ECCPS, LOEWE 

TP 6, European Union

Abbott GmbH &Co KG AbbVie Deutschland GmbH & Co. KG

Aesculap Akademie GmbH AQAI GmbH
Astellas Pharma GmbH AstraZeneca GmbH
Aventis Pharma GmbH B. Braun Melsungen AG
Baxter Deutschland GmbH Biosyn GmbH
Biotest AG Bristol-Myers Squibb GmbH
CSL Behring GmbH Dr. F. Köhler Chemie GmbH
Dräger Medical GmbH Essex Pharma GmbH
Fresenius Kabi GmbH Fresenius Medical Care
Gambro Hospal GmbH Gilead
GlaxoSmithKline GmbH Grünenthal GmbH
Hamilton Medical AG HCCM Consulting GmbH
Heinen+Löwenstein GmbH Janssen-Cilag GmbH
Masimo med Update GmbH
Medivance EU B.V. MSD Sharp&Dohme GmbH
Nordic Pharma Novartis Pharma GmbH
Novo Nordisk Pharma GmbH P. J. Dahlhausen&Co. GmbH
Pfizer Pharma GmbH Pulsion Medical Systems S.E.
Siemens Healthcare Teflex Medical GmbH
Teva GmbH TopMed Medizintechnik GmbH

Verathon Medical Vifor Pharma GmbH



Anemia is a Disease in itself

Farmer et al., 2013 (Best Practice & Research Clinical Anaesthesiolgy)

Meybohm et al. 2016 (Annals of Surgery)

Zacharowski et al. 2016 (Best Practice & Research Clinical Anaesthesiology)



Problem: preoperative anemia

Musallam K et al. Lancet 2011;378:1396-407

Retrospective, 227,425 patients
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No anemia
(n = 158,196)

Mild anemia

(Hb 9-12 g/dl)

(n =57,870)

Severe anemia

(Hb < 9 g/dl)

(n = 11,359)



Nicholas J. Kassebaum et al. Blood 2014;123:615-624

Global and regional cause-specific anemia prevalence for 1990 

and 2010



Leading 30 global health problems in the years 1990, 2005 & 2015.

The Lancet 2016



 949.449 pts in 24 studies

 39% anemia (WHO Definition)

→ Anemia was associated with

 RBC transfusion OR = 5.1 (4.1 – 6.2, p < 0.001)

 Periop. Mortality OR = 2.9 (2.3 – 3.7, p < 0.001)

 Acute renal failure OR = 3.8 (2.9 – 4.8, p < 0.001)

 Infections OR = 1.9 (1.1 – 1.6, p < 0.01)



Erythropoesis

Besarab et al. Oncologist 2009;14: 22-33



Pre- & postop. anaemia

1. Munoz M et, al. Pre-operative haemoglobin levels and iron status in a large multicentre cohort of patients undergoing major elective surgery. Anaesthesia 2017; 72:826-834.

2. Muñoz M et, al. International consensus statement on the peri-operative management of anaemia and iron deficiency. Anaesthesia 2017; 72:233–247.

3. Khalafallah AA, et al. IV ferric carboxymaltose vs standard care in the management of postop. anaemia: a prospective, open-label, RCT. Lancet Haematol. 2016;3:e415-25.

4. Meybohm P & Zacharowski K: unpublished data (2012-2017).

Preop. anaemia 1

36%

Postop. anaemia 2

Up to 90%
↗ Hospital LOS 3

↗ Severe postop. infections 3

Preop. iron def. 1

66% of anaemic pts.

50% of non-anaemic pts.
Periop. 

blood loss2

Multiple 
phlebotomies 2

Reduced iron 
intake 2

Low iron absorption 
due to postop. 
inflammation 2

VS/Heart/Gyn: 85%

Thorax: 60-70%

AS & NS: 60%

Trauma/Uro: 55%

Gyn: 55%

Frankfurt 4

VS: 55%

Visc/Thorax: 50%

Trauma: 35%

Uro/NS/ENT: 22-28% 

Obs: 45-65%

Ortho/Cardiac/Gyn/ Carcinoma Prostate & Liver 1-3



Preop. anaemia is common in all surgical disciplines

30.4% 
(69,229 / 227,425 patients)5

39.1%
(371,594 / 949,445 total patients)

29.9%
(WHO-defined anaemia 

21,322 / 71,388)

40.3%
(non-cardiac 391,397 / 897,658)2 

32%
(892 / 2764 neonates)4

19%
(3474 patients)7

33.9%
(2127 / 6301 patients)3

39.7%
(3047 / 7679 patients)1

28.7% 
(11,295 / 39, 309 patients)6

AS

23.9%
(3071 / 12,836 patients)8

18.1%
(149 / 824 patients)9

Gyn Ortho/Trauma

17.6%
(537 / 3050 patients)23

9.2%
(181 / 2164 ACDF)25

20.4%
(242 / 1187 spinal 

surgery)20

16.1%
(6673 / 41,334 TKA)24

28.1% 
(154 / 549 TKA/THA fast-

track procedures in >85 y 

olds)19

36%
(1956 / 5387 revision hip or 

knee arthroplasty)17

17.9%
(7 / 39 hindfoot and ankle 

arthrodesis)22

19.6%
(210 / 1142 elective major 

joint arthroplasty 

admissions)21

50%
(hip fracture)

25%
(THA/TKA)16

29.7%
(94 / 317 lumbar 

decompression and 

fusion)18

Visceral

10.2%
(37 / 362 emergency 

GI surgery)28

47.4%
(11067 / 23348 elective 

open and laparoscopic 

colectomies)26

32.8%
(4260 / 12,987 elective 

hepatectomies)27

Heart

19.7%
(10,197 / 51,787 

cardiac patients)2

32%
(629 / 1972 patients)11

36%
(1620 / 4494 patients)10

26%
(3500 patients)14

29.7%
(1427 / 4804 patients)12

20.9%
(3384 / 16,154 

patients)15

28.1%
(200 / 712 patients)13

Others

51.8%
(257 / 496 abdominal resections in 

colorectal cancer)31

65.4%
(242 / 370 radical nephrourectomy 

in UTUC)29

52% 
(174 / 335 cardiac surgery

for RHD)30

1. Beattie WS et al. Anesthesiology 2009;110:574–581; 2. Fowler AJ et al. Br J Surg 2015;102:1314–1324; 3. Dunne JR et al. J Surg Res 2002;102:237–244; 4. Goobie SM et al. JAMA Pediatr 2016;170:855–862; 5. Musallam K et al. Lancet 2011;378:1396–1407; 

6. Baron DM et al. Br J Anaesthesia 2014;113:416–423; 7. Gombotz H et al. Transfusion 2007;47:1468–1480; 8. Richards T et al. PLoSOne 2015;10:e0130861; 9. Browning RM et al. Aus N Zealand J Obs Gyn 2012;52:455–459; 10. von Heymann C et al. J Thorac

Cardiovasc Surg 2016;152:1412–1420; 11.  Hallward G et al. J Cardiothoracic Vasc Anesthesia 2016;30:901–908; 12. Kulier A et al. Circulation 2007;116:471–479; 13. Kim CJ et al. Perfusion 2015;30:277–283; 14. Karkouti K et al. Circulation 2008;117:478–484; 

15. Ranucci M et al. Ann Thorac Surg 2013;96:478–485; 16. Spahn DR. Anesthesiology 2010;113:482–495; 17. Kasivisvanathan R et al. Transfusion Med 2016;26:271–277; 18. Sanoufa M et al. J Perioper Pract 2015;25:267–271; 19. Pitter FT et al. Anesth Analg

2016;122:1807–1815; 20. Khanna R et al. Clin Spine Surg 2016 Jul 14 [Epub ahead of print]; 21. Saleh E et al. Br J Anaesth 2007;99:801–808; 22. Dix B et al. Foot Ankle Spec 2016 Sep 9. pii: 1938640016666921; 23. Smilowitz NR et al. Am J Med 2016;129:315–

323; 24. Chamieh JS et al. J Arthroplasty 2016;31:766–770; 25. Gruskay JA et al. Clin Spine Surg 016;29:E34–E42; 26. Leichtle SW et al. J Am Coll Surg 2011;212:187–194; 27. Tohme S et al. HPB (Oxford) 2016;18:255–261; 28. Lee JY et al. Medicine

2016;95:35(e4530); 29. Yeh H-C et al. Urol Oncol 2016;34:337:e1–e9; 30. Deepak B et al. J Cardio Vasc Anes 2016;30:896–900; 31. Mörner MEM et al. Int J Colorectal Dis 2017;32:223–232



Germany vs. Netherlands (van Hoeven et al. 2012)

D & NL comparable in terms of population & health system.

D: 57.5 RBCs / 1000 inhabitants

NL: 27.1 RBCs / 1000 inhabitants
2x Differences

not plausible!
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IMC
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care
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Short window of IDA correction

Goal: rapid discharge & less 

compilcations

Second window for IDA correction

Responsible: GPs, Surgeons & Anaethesists

Efficient management of IDA



3 columns of PBM

1. Management of pre-operative anemia

►Screening and diagnosis

►Treatment

2. Minimising blood loss & bleeding

3. Restrictive use of blood units



Anemia walk-in-clinic

 Contact: Sabine Isik

 Mo-Fr: 08:00-16:00h

 Tel.: +49 69 6301 – 87461

 E-Mail: patientbloodmanagement@kgu.de



000

Froessler et al. Ann Surg 2016; 264: 41-6

 RCT i.v. Fe in IDA undergoing abd. surgery

 Ethics: stopped trial after 72 Pat.,  Fe-group 

significant better outcome

 15mg/kg Fe-Carboxymaltose ~ 10d prior surgery

 cHb 

 RBC transfusions  (75%)

 Hospital-LOS: 9 to 6d 

 Hb-increase postop. accelerated



SOP – preop. list…



1. Zimmermann et al. Lancet 2007; 370: 511-20. 2. Barton et al. BMC Blood Disorders 2010; 10: 9. 3. Aapro et al. Ann Oncol 2012; 23: 1954-82. 4. Marret al. Eur J Obst Gyn

Reprod Med 2010; 152: 133-7. 5. Milman et al. Ann Hematol 2006; 85: 869-85. 6. Crichton et al. 2008 Iron therapy – With special emphasis on intravenous administration. 

UNI-MED Verlag. 7. Stein et al. Nat Rev Gastroenterol 2010; 7: 599-610. 8. Weiss et al. NEJM 2005; 352: 1011-23.

Causes

Absolut ID
lowTransferrin-Satturation8

lowFerritin8

High sTfR8

Blood loss
• strong/ prolonged

menstruale bleeding

• Strog uterus bleeding4

• Giving birth5,8

• GI-diseases7

• GI-bleeding6

• Operation6

• Donation of blood6

• Dialysis6

Increased iron

demand
• Devolepment1,8

• Elderly1,8

• Pregnancy1,5,8

• Endurance sports7

Reduced iron

absorption
• Nutrition1

• Vegetariens1

• Anorexia (cancer)3

• Eating disorder2

Functional ID 
Low Transferrin-satturation8

Normal/ high Ferritin8

Normal sTfR8

Reduced iron absorption and 

use
• Chronic-inflammatory bowel

disease5

• Chronic inflammation or cancer8

• Interaction with certain food

ingedients8

• Drugs8

• Malabsorption8

• Chronic kidney disease

• Heart failure



Preop. algorithm – V3.0

Preop. 

anemia management

No ID
optimal

preparation!

if applicable further

diagnostics / therapy

via other disciplines

Iron (iv)
(see label information)

No ID
Anemia other causes

ID
Transferrin saturat. < 20%

or

Ferritin < 100 ng/ml
Ferritin < 300 ng/ml 

heart failure / chron. renal failure

Iron status Iron status

♀ Hb < 12 g/dl   ♂ Hb < 13 g/dl

Anemia - WHO
♀ Hb ≥ 12 g/dl   ♂ Hb ≥ 13 g/dl

Risk of transfusion

> 10%

Planned intervention (> 24h)

Risk of transfusion

< 10%

+Emergency



von Heymann C, et al. Anästhesiol Intensivmed Notfallmed Schmerzther 2011; 46: 648–653



Kleinerüschkamp A et al. Anästhesist 2016 65(6):438-48



Kleinerüschkamp A et al. Anästhesist 2016 65(6):438-48



Kleinerüschkamp A et al. Anästhesist 2016 65(6):438-48



Costs

Blood vs. Iron therapy

Blood (2 RBCs)

 RBC 180 €

 Material 60 €

 Personel 90 €

 Complication(s) ??

 Summ 350++ €

Anemia therapy

 Material/Lab 30 €

 Drug 284 €

 Personel 30 €

 Complication(s)  --

 Summ 344 €



von Heymann C, et al. Anästhesiol Intensivmed Notfallmed Schmerzther 2011; 46: 648–653



Outcome studies



NICE Quality Standard [QS138] – Feb 2017

https://www.nice.org.uk/guidance/QS138/chapter/Quality-statement-1-Iron-supplementation



Erythropoietin



Erythropoietin



Erythropoietin



Erythropoietin

 N = 600 randomized to

 Epoetin alfa 2 days before

surgery

 Control

E
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0
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Hentze et al. Transfusion 2015; 55: 1644-54



Erythropoietin

Voorn et al. Vox Sanguis 2016; epub
Voorn et al. Vox Sanguis 2016; epub



2x increased risk of 

infection

(OR= 1.93, P=0.01)§2

4x increased risk of 

kidney injury

(OR= 3.75, P<0.001)§2 

3x increased risk of 

mortality

(OR= 2.9, P<0.001)§2

5x increase in 

transfusions

(18.5 vs 4.7, P<0.01)§2 

Preoperative anemia 

is associated with

22% longer hospital stay

(11 vs 9 days, P=0.0001)*1

* Retrospective single-centre cohort study of consecutive patients >18 years undergoing non-cardiac surgery between March 2003 and June 2006 (N= 7,759). 

Shown are the propensity-matched values for variables that are potential confounders in the relationship between anaemia and postoperative mortality 

(N=2,090).1     § Systematic review and meta-analysis of observational studies exploring associations between preoperative anaemia and postoperative 

outcomes (24 studies N=949,445).2     † Retrospective cohort study of major non-cardiac surgery in 2008 (a prospective validated outcomes registry from 211 

hospitals worldwide, N=227,425). OR presented had an extended adjustment for a large number of clinically relevant variables.3

1. Beattie WS et al. Anesthesiology. 2009;110:574–81; 2. Fowler AJ et al. Br J Surg. 2015;102:1314–24; 3. Musallam KM et al. Lancet. 2011;378:1396–1407

Preoperative anemia



Hospital-aquired anemia

Salisbury et al. Circ Cardiovasc Qual Outcomes. 2010;3:337-346Retrospective analysis (n= 2902 MI and Hb > 12g/dl) at admission



Hospital-aquired anemia

Salisbury et al. Circ Cardiovasc Qual Outcomes. 2010;3:337-346Retrospective analysis (n= 2902 MI and Hb > 12g/dl) at admission



Anemia on ICU



Anemia on ICU

Vincent JL et al. JAMA 2012;288:1499-1507(n= 1136 ICU patients in 146 Westeuropean ICU units)



Anemia on ICU

Vincent JL et al. JAMA 2012;288:1499-1507(n= 1136 ICU patients in 146 Westeuropean ICU units)



Risk factors

Hb

Blood loss

Co-morbidities
GI-bleeding Renal failure

Low iron
uptake

Phlebotomy

Hemolysis

Anemia in ICU-patients ↑↑↑



Blood conservation

Hb
Blood loss

Co-morbidities
GI-bleeding Renal failure

Low iron
uptake

Phlebotomy

Hemolysis

Anemia in ICU-patients ↓↓↓



Khalafallah et al. The Lancet Haematology 2016

 Postop. IDA can be treated with i.v. Fe

 201 pts: 1. postop. day IDA

 Placebo vs 1g Fe-Carboxymaltose i.v.

 Fe-group:

 Faster Hb-recovery

 RBC-transfusion: 6 to 1% 

 postop. infections: 14 to 2% 

 Hospital-LOS: 12 to 8d 



Causes for anemia

Disease:

‘Anemia’

Acquired

• Hemoglobin

Congenital

• Age-related reduced

Erythropoesis

• Erythropoetin defiency

Unknown

• Iron

• Vitamin B12

• Folic acid

‚Nutrion‘-related

• Hemato-onkological

• Renale anemie

• Chronic Inflammation

• Cander-assosiated

• Parasites

• Hemolysis

• Toxins/ Drugs

• Autoimmunological

Hospital 

acquired

• Blood loss diagnostic

• Bloodloss Intervention

• Blood loss Operation

• Reduced Erythropoesis



Example from Frankfurt

 42J, female Anaesthesist, 3 kids, „tired“  

11.01.2016 08.03.2016

Lab

Hb (11,6-15,5 g/dl) 10,0 13,2

MCH (26-33 pg) 21,7 25

MCV (80-95 fl) 70 77

Thrombozyten (182-369/nl) 383 325

Eisen-/Vitaminstatus

Ferritin (9-140 ng/ml) 7 38

Transferrinsättigung (16-45%) 6 32

Vitamin B12 (197-771 pg/ml) 329 322

Folsäure (2-9 ng/ml) 5,5 8,3

Entzündungsparameter

C-reaktives Protein (<0,5 mg/dl) 0,14 0,13



Beispiel

 42J, female Anaesthesist, 3 kids, „tired“ 

11.01.2016 08.03.2016

Kleines Blutbild

Hb (11,6-15,5 g/dl) 10,0 13,2

MCH (26-33 pg) 21,7 25

MCV (80-95 fl) 70 77

Thrombozyten (182-369/nl) 383 325

Eisen-/Vitaminstatus

Ferritin (9-140 ng/ml) 7 38

Transferrinsättigung (16-45%) 6 32

Vitamin B12 (197-771 pg/ml) 329 322

Folsäure (2-9 ng/ml) 5,5 8,3

Entzündungsparameter

C-reaktives Protein (<0,5 mg/dl) 0,14 0,13
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 42J, female Anaesthesist, 3 kids, „tired“ 

11.01.2016 08.03.2016

Kleines Blutbild

Hb (11,6-15,5 g/dl) 10,0 13,2

MCH (26-33 pg) 21,7 25

MCV (80-95 fl) 70 77

Thrombozyten (182-369/nl) 383 325

Eisen-/Vitaminstatus

Ferritin (9-140 ng/ml) 7 38

Transferrinsättigung (16-45%) 6 32

Vitamin B12 (197-771 pg/ml) 329 322

Folsäure (2-9 ng/ml) 5,5 8,3

Entzündungsparameter

C-reaktives Protein (<0,5 mg/dl) 0,14 0,13



Pre- & postop. anaemia

1. Munoz M et, al. Pre-operative haemoglobin levels and iron status in a large multicentre cohort of patients undergoing major elective surgery. Anaesthesia 2017; 72:826-834.

2. Muñoz M et, al. International consensus statement on the peri-operative management of anaemia and iron deficiency. Anaesthesia 2017; 72:233–247.

3. Khalafallah AA, et al. IV ferric carboxymaltose vs standard care in the management of postop. anaemia: a prospective, open-label, RCT. Lancet Haematol. 2016;3:e415-25.

4. Meybohm P & Zacharowski K: unpublished data (2012-2017).

Preop. anaemia 1

36%

Postop. anaemia 2

Up to 90%
↗ Hospital LOS 3

↗ Severe postop. infections 3

Preop. iron def. 1

66% of anaemic pts.

50% of non-anaemic pts.
Periop. 

blood loss2

Multiple 
phlebotomies 2

Reduced iron 
intake 2

Low iron absorption 
due to postop. 
inflammation 2

VS/Heart/Gyn: 85%

Thorax: 60-70%

AS & NS: 60%

Trauma/Uro: 55%

Gyn: 55%

Frankfurt 4

VS: 55%

Visc/Thorax: 50%

Trauma: 35%

Uro/NS/ENT: 22-28% 

Obs: 45-65%

Ortho/Cardiac/Gyn/ Carcinoma Prostate & Liver 1-3



Preop. anaemia is common in all surgical disciplines

30.4% 
(69,229 / 227,425 patients)5

39.1%
(371,594 / 949,445 total patients)

29.9%
(WHO-defined anaemia 

21,322 / 71,388)

40.3%
(non-cardiac 391,397 / 897,658)2 

32%
(892 / 2764 neonates)4

19%
(3474 patients)7

33.9%
(2127 / 6301 patients)3

39.7%
(3047 / 7679 patients)1

28.7% 
(11,295 / 39, 309 patients)6

AS

23.9%
(3071 / 12,836 patients)8

18.1%
(149 / 824 patients)9

Gyn Ortho/Trauma

17.6%
(537 / 3050 patients)23

9.2%
(181 / 2164 ACDF)25

20.4%
(242 / 1187 spinal 

surgery)20

16.1%
(6673 / 41,334 TKA)24

28.1% 
(154 / 549 TKA/THA fast-

track procedures in >85 y 

olds)19

36%
(1956 / 5387 revision hip or 

knee arthroplasty)17

17.9%
(7 / 39 hindfoot and ankle 

arthrodesis)22

19.6%
(210 / 1142 elective major 

joint arthroplasty 

admissions)21

50%
(hip fracture)

25%
(THA/TKA)16

29.7%
(94 / 317 lumbar 

decompression and 

fusion)18

Visceral

10.2%
(37 / 362 emergency 

GI surgery)28

47.4%
(11067 / 23348 elective 

open and laparoscopic 

colectomies)26

32.8%
(4260 / 12,987 elective 

hepatectomies)27

Heart

19.7%
(10,197 / 51,787 

cardiac patients)2

32%
(629 / 1972 patients)11

36%
(1620 / 4494 patients)10

26%
(3500 patients)14

29.7%
(1427 / 4804 patients)12

20.9%
(3384 / 16,154 

patients)15

28.1%
(200 / 712 patients)13

Others

51.8%
(257 / 496 abdominal resections in 

colorectal cancer)31

65.4%
(242 / 370 radical nephrourectomy 

in UTUC)29

52% 
(174 / 335 cardiac surgery

for RHD)30

1. Beattie WS et al. Anesthesiology 2009;110:574–581; 2. Fowler AJ et al. Br J Surg 2015;102:1314–1324; 3. Dunne JR et al. J Surg Res 2002;102:237–244; 4. Goobie SM et al. JAMA Pediatr 2016;170:855–862; 5. Musallam K et al. Lancet 2011;378:1396–1407; 

6. Baron DM et al. Br J Anaesthesia 2014;113:416–423; 7. Gombotz H et al. Transfusion 2007;47:1468–1480; 8. Richards T et al. PLoSOne 2015;10:e0130861; 9. Browning RM et al. Aus N Zealand J Obs Gyn 2012;52:455–459; 10. von Heymann C et al. J Thorac

Cardiovasc Surg 2016;152:1412–1420; 11.  Hallward G et al. J Cardiothoracic Vasc Anesthesia 2016;30:901–908; 12. Kulier A et al. Circulation 2007;116:471–479; 13. Kim CJ et al. Perfusion 2015;30:277–283; 14. Karkouti K et al. Circulation 2008;117:478–484; 

15. Ranucci M et al. Ann Thorac Surg 2013;96:478–485; 16. Spahn DR. Anesthesiology 2010;113:482–495; 17. Kasivisvanathan R et al. Transfusion Med 2016;26:271–277; 18. Sanoufa M et al. J Perioper Pract 2015;25:267–271; 19. Pitter FT et al. Anesth Analg

2016;122:1807–1815; 20. Khanna R et al. Clin Spine Surg 2016 Jul 14 [Epub ahead of print]; 21. Saleh E et al. Br J Anaesth 2007;99:801–808; 22. Dix B et al. Foot Ankle Spec 2016 Sep 9. pii: 1938640016666921; 23. Smilowitz NR et al. Am J Med 2016;129:315–

323; 24. Chamieh JS et al. J Arthroplasty 2016;31:766–770; 25. Gruskay JA et al. Clin Spine Surg 016;29:E34–E42; 26. Leichtle SW et al. J Am Coll Surg 2011;212:187–194; 27. Tohme S et al. HPB (Oxford) 2016;18:255–261; 28. Lee JY et al. Medicine

2016;95:35(e4530); 29. Yeh H-C et al. Urol Oncol 2016;34:337:e1–e9; 30. Deepak B et al. J Cardio Vasc Anes 2016;30:896–900; 31. Mörner MEM et al. Int J Colorectal Dis 2017;32:223–232



Germany vs. Netherlands (van Hoeven et al. 2012)

D & NL comparable in terms of population & health system.

D: 57.5 RBCs / 1000 inhabitants

NL: 27.1 RBCs / 1000 inhabitants
2x Differences

not plausible!
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Short window of IDA correction

Goal: rapid discharge & less 

compilcations

Second window for IDA correction

Responsible: GPs, Surgeons & Anaethesists

Efficient management of IDA



Minimising Blood Loss & Bleeding

1. Management of pre-operative anemia

2. Minimising blood loss & bleeding

►Blood sparing techniques

►Hemostasis

►Intraoperative blood salvage

►Coagulation management

3. Restrictive use of blood units



Phlebotomy on ICU



10.9 g/dl 4.8 g/dl

15 g/dl

(6L BV)

11 g/dl

(2.8L BV)

Septic shock + Acut cardial-, pulmonary- & kidney dysfunction

 ECMO & RRT

 cumulative in 1 week: 9x blood culture, 14x lab, 84x Blood gases, 

1x ECMO-Clot, 3x RRT-Clot

1623 ml in 1 Week

Phlebotomy on ICU



Hospital-acquired Anemia

Koch CG  et al. Ann Thorac Surg 2015Data (n= 1867 cardiac surgery patients: 221,498 lab tests)



Hospital-acquired Anemia

Koch CG  et al. Ann Thorac Surg 2015Data (n= 1867 cardiac surgery patients: 221,498 lab tests)

5 liters !!!



Fischer D, et al. Crit Care. 2014

Restrictive blood sampling

/en



Restrictive blood loss



Management of bleeding

Ultima 

Ratio

Platelets

PPSB (FFP)

Fibrinogen

Tranexamic acid/ 
Desmopressin

Drug history

Standards

(TC > 35ºC; pH > 7.2; Cai > 1.2 mmol/l)

Surgical bleeding

Weber CF et al.,  Anesthesiology. 2012 Sep;117(3):531-47.



1. Management of pre-operative anemia

2. Minimising blood loss and bleeding

3. Restrictive use of blood units

► Monitoring tolerance of anemia

► Restrictive transfusion trigger

Restrictive use of blood units



Guideline – whiche? (p50 – PMB )

Querschnitts-Leitlinien (BÄK) „Hämotherapie“
2017; 103 Seiten



International guidelines

1. Carson JL, Grossman BJ, Kleinman S, Tinmouth AT, 
Marques MB, Fung MK, et al. Red blood cell
transfusion: a clinical practice guideline from the
AABB*. Annals of internal medicine. 2012;157(1):49-
58 

2. Guidelines of the German Medical Association
regarding the use of blood and blood components
2014; 1-137

3. Retter A, Wyncoll D, Pearse R, Carson D, McKechnie
S, Stanworth S, et al. Guidelines on the management 
of anaemia and red cell transfusion in adult critically ill 
patients. British journal of haematology. 
2013;160(4):445-64

4. Padhi S, Kemmis-Betty S, Rajesh S, Hill J, Murphy 
MF, Guideline Development G. Blood transfusion: 
summary of NICE guidance. BMJ (Clinical research 
ed. 2015;351:h5832.

5. …

6. …



Acheson AG et al. Ann Surg 2012;256: 235–244Metaanalyse von 55 Studien (n=20.795 Patienten mit Kolon-Ca)

Riks and side-effects



Acheson AG et al. Ann Surg 2012;256: 235–244Metaanalyse von 55 Studien (n=20.795 Patienten mit Kolon-Ca)

Transfusion of 1-2 RBCs is

associated with higher re-ocurrence

of colon cancer…

Riks and side-effects



Perioperative Checklist



Hip surgery

NO difference in mortality or

mobility at 30 or 60 days! 

2,016 patients

Prospective, randomized, controlled

Hb > 10 g/dl vs. >8 g/dl

RBCs transfused: 2 vs. 0 units



Septic shock

NO difference in 90d mortality

or ischemic events !  998 patients in septic shock

Prospective, randomized, controlled

Transfused RBCs (Median): 1 vs. 4



RCTs !!!

Date / Journal Hb – threshhold

(mg/dl)

Patients

transfused (%)

Results

ICU 1999 / NEJM 7 10 67 99 Safe

(Survival trend)

Cardiac surgery 2010 / JAMA 8 10 47 78 Safe

(Survival )

HIP replacement 2013 / NEJM 8 10 41 97 Safe

(Survival trend)

Mobilisation 

Upper GI-

bleeding

2013 / NEJM 7 9 49 86 Advantage

(Survival )

Head Injury 2014 / JAMA 7 10 52 73 Advantage

(Neurological 

outcome)

Septic shock 2014 / NEJM 7 9 64 99 Safe

(Survival )

Cardiac surgery 2015 / NEJM 7.5 9 53 92 Safe

(30d-Survival

90d-Survival (not 

powered) 



Goodnough LT et al. Lancet 2013;381:1845-54



Primary composite outcome

Death, MI, stroke, or new onset RF with dialysis at discharge or 28d:

11.4% vs 12.5%: absolute risk difference, −1.11 percentage points; 95% 

confidence interval [CI], −2.93 to 0.72; OR, 0.90; 95% CI, 0.76 to 1.07; P<0.001 for 

non-inferiority). 

Mortality was 3.0% vs. 3.6%: OR 0.85; 95% CI, 0.62 to 1.16

Secondary outcome

RBC: 52.3% vs 72.6% OR, 0.41; 95% CI, 0.37 to 0.47 

7.5g/dl (n=2430) 9.5g/dl (n=2430)

TRICS – NEJM 2017 November 13th



Implementation
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1. Preoperative anemia

management

2. Minimizing blood loss
Blood loss
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1. Preoperative anemia

management

2. Minimizing blood loss
3. Rational RBC 

transfusion

Blood loss

900 mL
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Meybohm P et al. Ann Surg 2016
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PBM Study

2013

Centre 1 Control PBM

Centre 2

Centre 3

2014

IM

Control PBMIM

Control PBMIM

*          *          *          *          *          *          

Centre 4 Control PBMIM

01.07. 01.07. 01.07.01.01. 01.01. 01.07.

2015

01.01.

2012

*          *          *          *          *          
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PBM Study

2013

Centre 1 Control PBM

Centre 2

Centre 3

2014

IM

Control PBMIM

Control PBMIM

*          *          *          *          *          *          

Centre 4 Control PBMIM

01.07. 01.07. 01.07.01.01. 01.01. 01.07.

2015

01.01.

2012

*          *          *          *          *          

*          *            *         *                  

*          *            *                   

Before
(n=54,513 patients)

PBM 
(n=75,206 patients)

Meybohm P et al. Ann Surg 2016



Patient Characteristics of the Two Cohorts



PBM Study Results I

ransfusionT A omplicationsC

Before Before

>17%

overall safe

A cute kidney injury 

(in-hospital)
A

>30%

Meybohm et al. 2016 (Annals of Surgery)



Acute kidney injury (AKI)

Hobson, C et al. Circulation 2009;119;2444-2453Data (n= 2973 cardiac surgery patients)

A cute kidney injury 

(in-hospital)
A



PBM Study Results II

ransfusionT A omplicationsC A ostsC

Before Before Before

>17%
>10%

overall safe

Meybohm et al. 2016 (Annals of Surgery)



Interesting…

Meybohm P et al. Ann Surg 2016



Meybohm P et al. Ann Surg 2016



Table: 13 x 24 = 312 cells Meybohm P et al. Ann Surg 2016



PBM Study Results - Bundles

Block 1: General PBM project management  

Involvement of key PBM stakeholders [role]  

PBM coordinator with protected time [central role for communication, networking, education, documentation, and benchmarking]      0        1        2   

Hospital board of directors (e.g. chief medical officer, chief executive officer, chief nursing officer) [support; official directive]      0        1        2   

Surgeons (e.g. orthopaedic/trauma, cardiac, vascular, visceral, trauma, urology, neurosurgery) [interdisciplinary consensus]      0        1        2   

Anaesthesiologists/ intensive care specialists [central role for perioperative care]      0        1        2   

Transfusion medicine specialists / transfusion committee [prevention of blood wastage; optimal blood use; changes in donor blood management]      0        1        2   

Internists/ gastroenterologists/ haematologists/cardiologists/nephrologists [anaemia management; optimal blood use]      0        1        2   

General practitioners/ family doctors [determine the necessity for elective surgery; assign patients to a hospital; preoperative anaemia management]      0        1        2   

Patient’s representative [need to be informed about the different alternatives to treat anaemia/ create awareness]      0        1        2   

Paediatrics [mainly refers to blood conservation strategies]      0        1        2   

Central laboratory/ laboratory scientists [smaller blood collecting tubes]      0        1        2   

Pharmacists/ purchasing department [introduction of new drugs for the management of anaemia and coagulopathy]      0        1        2   

Information technology department [sampling of routine data and key performance metrics]      0        1        2   

Finance department [finance experience for program budget plan, initial project costs; hospital-wide cost savings]      0        1        2   

Quality management [project management experience; PBM as a fixed part of a quality improvement initiative]      0        1        2   

Public affairs [dissemination channels/ marketing of the PBM project (e.g. via journals/ intranet/ emails/ posters/ roll-ups/ press conferences)]      0        1        2   

Under- and postgraduate education  

Undergraduate education (nursing school/ medical school)      0        1        2   

Post-graduate education of physicians/clinicians (lectures, workshops; initial and once a year)      0        1        2   

Post-graduate education of nurses (intensive care unit, normal ward (initial and once a year)      0        1        2   

Certificate (e.g. by online E-Learning courses) – to enhance PBM education and knowledge transfer      0        1        2   

Local Standard Operating Procedures/ protocols  

Standard operating procedures for Patient Blood Management -  

Anaemia management      0        1        2   

Coagulation management      0        1        2   

Blood conservation      0        1        2   

Optimal blood use/ transfusion of blood products (list of index-procedures for ‘type and screen’ or ‘type and crossmatch (and supply)’)      0        1        2   

Massive haemorrhage protocols (including such as damage controlled surgery, arterial embolisation, haemotherapy algorithm)  

Massive haemorrhage (in general)      0        1        2   

Postpartum haemorrhage      0        1        2   

Trauma associated haemorrhage      0        1        2   

Cardiac surgery associated haemorrhage      0        1        2   

	

✔
✔

✔
✔

✔
✔

✔
✔
✔

Meybohm et al. 2016 Transfusion Medicine Reviews
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PBM international – Patient Safety

Deutscher Preis für 

Patientensicherheit 2016



World PBM Network – start 04.02.2017

 World-wide PBM Hospitals

 Data collection

 Numbers of lifes saved!





LIBERAL Trial (2017 - 2019)

RCT (n=2,470)

Restrictive (RBC if Hb<7.5g/dl) vs. 

Liberal (RBC if Hb<9.0g/dl)

LIBERAL group 

 single RBC unit each time Hb ≤9g/dl; 

 target post-transfusion Hb 9-10.5g/dl

RESTRICTIVE group 

 single RBC unit each time Hb ≤7.5g/dl; 

 target post-transfusion Hb 7.5-9g/dl

Step I: Registration 

(age ≥70 years,

non-cardiac surgery,

informed consent)

Step II: 

Randomisation,

if Hb falls  ≤9 g/dl

during surgery or 

within the first 10 

days after surgery

Duration of intervention: 

intra-/postoperative until hospital discharge or 30 days, whichever comes first.
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Liberal transfusion strategy to prevent mortality and anaemia-

associated, ischaemic events in elderly non-cardiac surgical 

patients (LIBERAL-Trial)
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