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~-@-—- il Anaemia Is a disease In itself

Anaemia

Triad of
independent

risk factors
Blood loss for

& bleeding adverse
outcomes

Farmer et al. Best Pract Res Clin Anaesthesiol 2013;27(1):43-58; Meybohm et al. Ann Surg 2016;264(2):203-211;
Zacharowski & Spahn. Best Pract Res Clin Anaesthesiol 2016;30(2):159-169



I Problem: pre-operative anaemia

@+k Preoperative anaemia and postoperative outcomes in 12
non-cardiac surgery: a retrospective cohort study

Khaled M Musallam, Hani M Tamim, Toby Richards, Donat R Spahn, Frits R Rosendaal, Aida Habbal, Mohammad Khreiss, Fadi S Dahdaleh, 10
Kaivan Khavandi, Pierre M Sfeir, Assaad Soweid, Jamal ] Hoballah, Ali T Taher, Faek R Jamali

Summary
Lancet 2013;378:1396-407  Background Preoperative anaemia is associated with adverse outcomes after cardiac surgery but outcomes after
Published Online  MOn-cardiac surgery are not well established. We aimed to assess the effect of preoperative anaemia on 30-day

October 5,2011  postoperative morbidity and mortality in patients undergoing major non-cardiac surgery.
DOI:10.1016/50140-
6736(11)61381-0

(oe]

Methods We analysed data for patients undergoing major non-cardiac surgery in 2008 from The American College of

. oFinternal Surgeons’ National Surgical Quality Improvement Program database (a prospective validated outcomes registry from

Meli cpatmentofintemal 11 hospitals worldwide in 2008). We obtained anonymised data for 30-day mortality and morbidity (cardiac,
icine (K M Musallam MD,

H M Tamim PhD, A SoweidMp, Tespiratory, CNS, urinary tract, wound, sepsis, and venous thromboembelism outcomes), demographics, and

Prof AT Taher MD), Department  preoperative and perioperative risk factors. We used multivariate logistic regression to assess the adjusted and

of Surgery {AHabbal B3N, yodified (nine predefined risk factor subgroups) effect of anaemia, which was defined as mild (haematocrit

M Khreiss MD, F § Dahdaleh MD, . . s \
e b J:"|szi up, concentration >29-<39% in men and >29-<36% in women) or moderate-to-severe (<29% in men and women) on

prof| ) Hoballah Mp,  postoperative outcomes.
F R Jarmali MD), American
University of Beirut Medical - £ dings We obtained data for 227 425 patients, of whom 69 229 (30-449%) had preoperative anaemia. After adjustment,

&::;tifx::a:;"m::fj: postoperative mortality at 30 days was higher in patients with anaemia than in those without anaemia (odds ratio [OR]

andThrombasisCentre, 1-42, 95% CI 1-31-1-54); this difference was consistent in mild anaemia (1-41, 1-30-1-53) and moderate-to-severe 2
Fondazione IRCCS CiGranda,  anaemia {1- 44, 1-29-1-60). Composite postoperative morbidity at 30 days was also higher in patients with anaemia
Ospedale ""aggi""’;‘?l'i"i':“l’“ than in those without anaemia (adjusted OR 1-35, 1-30-1-40), again consistent in patients with mild anaemia (1-31,

(K M Musallam); c';Teg :; 1-26-1-36) and moderate-to-severe anaemia (1-56, 1-47-1- 66). When compared with patients without anaemia or a

Medicine, king Abdullah  defined risk factor, patients with anaemia and most risk factors had a higher adjusted OR for 30-day mortality and

See Comment page 1362

30-day mortality (%)
(@)

IN

International Medical Research  morbidity than did patients with either anaemia or the risk factor alone. 0
Center, King Saud bin Abdulaziz . . . .
University forHealth Sciences, , , _ . L o , No anaemia Mild anaemia Severe anaemia
Riyadh, Saudi Arabia INterpretation Preoperative anaemia, even to a mild degree, is independently associated with an increased risk of
(HMTamim); Divisionof  30-day morbidity and mortality in patients undergoing major non-cardiac surgery. (n:1581 196) (H b 9-12 g/ d I—) (H b <9 g/ d L)
Surgery and Interventional (n=57,870) (n:11’359)

Science, University College

London Hespital, London, UK Funding Vifor Pharma.

= Retrospective study: 227,425 patients

Hb=haemoglobin
Musallam et al. Lancet 2011;378(9800):1396-1407



I Bill Gates Foundation: leading 30 global health problems

p® '

Leading causes 1990 Leading causes 2005 % change % change % change age- Leading causes 2015 % change % change % change age-
number all-age standardised number all-age standardised
of YLDs YLD rate YLD rate of YLDs YLD rate YLD rate
1990-2005 1990-2005 1990-2005 2005-15 2005-15 2005-15
1 Lower back and neck pain 1 Lower back and neck pain 34-5 9-4 -1-8 1 Lower back and neck pain 18-6 4-9 -2-1
2 Iron-deficiency anaemia .I/_Z Sense organ diseases 139:4 | 13-4 2.1 2 Sense organ diseases 25.2 10-8 0:6
3 Sense organ diseases “"*1{ 3 Iron-deficiency anaemia 14- -6-6 -0-6 I . Depressive disorders 18.2 . 1.
4 Depressive disorders 4 Depressive disorders 32-9 30 0-6 / 4 Iron-deficiency anaemia -3-8 -14-9 -11-6
5 Skin diseases 5 Skin diseases 21.9 -0-8 05 5 Skin diseases 11-7 -1-2 0-4
6 Migraine 6 Migraine 29.7 5.5 -03 6 Diabetes 32.5 17-2 5.4
7 Other musculoskeletal disorders 7 Other musculoskeletal disorders|| 51-8 234 13:5 - 7 Migraine 15-3 2:0 0-8 u 20—30% O f h u m an S
8 Anxiety disorders Feeo 8 Diabetes 69-2 37-6 207 “~-{_8 Other musculoskeletal disorders || 20-5 6-6 13 .
9 Diabetes == 9 Anxiety disorders 26-1 2.6 -1.5 9 Anxiety disorders 14-8 15 1.0 h ave an ae m | a
10 Asthma 10 Asthma 2.6 -16-5 -15.5 / 10 Oral disorders 22-4 8.2 -0-2
11 Oral disorders 11 Oral disorders 339 89 -16 "~ [11Asthma 94 =E 223 m 1 /. IDA
12 Falls e 12 Schizophrenia 36-1 10-7 0-7 12 Schizophrenia 195 5-7 0-3 5 3
13 Schizophrenia "~ 13Falls 13-4 -7-8 -13-9 be. 13 Osteoarthritis 34-8 19-2 39 [
14 COPD 14 COPD 22:2 -0:6 -9-8 - ——114 COPD 16-2 2.8 =59 /3 0 t h er C au S eS
15 Autistic spectrum .. 15 Osteoarthritis 53-0 24-4 6-3 {15 Falls 11-3 -1.5 -8-6

Prevalence by GBD Region, 2010

income; IDA=iron deficiency anaemia; LA=Latin America;
NA=North America; NA/ME=North Africa/Middle East;
NTD=neglected tropical diseases; South=Southern;
SE=Southeast; SSA=sub-Saharan Africa;

YLD=years lived with disability

GBD 2015 Disease and Injury Incidence and Prevalence

Hypertensive CKD
Other CKD

E  Malaria —— hMe?;Z:?rallage
—_ BN  Hookworm I Fibroids
S I Schistosomiasis — Other gynecological
B Other infectious disorders
Lg — diseases
8. Other NTD
. ; Iron-deficiency
8 Sickle cell -
. . . g BN Thalassemias I Other endocrine
AP=Asia Pacific; Cent=central; CKD=chronic kidney S G6PD deficiency Gastritis &
. < =
disease; Eur=Europe; G6PD=glucose-6-phosphate 5 Other hemog duodemlns
. — H P —i o I Peptic ulcer
dehydrogenase; hemog=hemoglobinemia; HI=high - Dlabetic CKD
=
Q
©
>
g
a

. . . L& F S S E L S F SIS T S S S S
Collaborators. Lancet 2016;388(10053):1545-1602,; W S Fq::@ < ,iq,;,@ éﬁ;{;’ AR

Kassebaum et al. Blood 2014;123(5):615-624 v *



I Three pillars of PBM
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1. Management of pre-operative anaemia

» Screening and diagnosis
» Treatment

2. Minimising blood loss and bleeding

3. Restrictive use of blood units

PBM=patient blood management
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I Anaemia walk-in-clinic

Patient Blood Management

Ambulanz

= Contact: Sabine Isik

= Mon—Fri: 08:00-16:00 h
= Tel: +49 69 6301 — 87461

* Email: patientbloodmanagement@kgu.de



@; eeeee I WHO anaemia definition

A%

@ 130¢g/idL 12.0 g/dL

) -

l 1500 mL l

9.8 g/dL 6.9 g/dL
1
?
}

Haemoglobin level

\ ) 4\
| |
Pre-operative phase I Post-operative phase
Surgery

WHO=World Health Organization



eeeeeeeeeee I Frankfurt anaemia definition

DQ“"
@ 130¢g/dL ¢ 13.0 g/dL
l 1500 mL

9.8 g/dL 7.5 g/dL

Haemoglobin level

\ ) 4\ J
| |
Pre-operative phase [ Post-operative phase
Surgery



I Pre-operative algorithm V4.0

Planned surgery (next day)

Transfusio‘rrprobability
>10%
A 4
Q 4 Hb 213 g/dl_'_‘ Q@ & Hb <13 g/dL

------------------------------------------------------------------------------------------
d *

1 Management of 1 @

pre- operatlve anaemia ﬁmdaﬁe’

[ Iron status ] [ Iron status ]

+ + *
NO iron Iron deficiency
deficit Transferrin sc:t)truration <20% NO iron
optima| Ferritin <100 ng/mL deficit
Ferritin <300 ng/mL
If heart failure/CKD

jp—

4_ [ IV iron j [.F“rthf” J

diagnostics of
anaemia

- *
-------------------------------------------------------------------------------------------

CKD=chronic kidney disease; Hb=haemoglobin; ICU=intensive care unit; IV=intravenous



I Pre-operative algorithm V4.0

fet‘

Planned surgery (next day)

Transfusion probability
<10%

v
Transfusion probability
>10%

A 2

Q 4 Hb 213 g/dl_'_‘ Q@ & Hb <13 g/dL

-------------------------
“

-----------------------------------------------------------------
*

Management of 1 @

pre- operatlve anaemia ﬁmdaﬁe’

[ Iron status ] [ Iron status ]

optimal

CKD=chronic kidney disease; Hb=haemoglobin; ICU=intensive care unit; IV=intravenous

+ + *
NO iron Iron deficiency
deficit Transferrin sc:t)truration <20% NO iron

Ferritin <100 ng/mL deficit

Ferritin <300 ng/mL
If heart failure/CKD

.
--------------------------

/
¥ !
: Further
[ IViron j [ diagnostics of}

anaemia

*
-----------------------------------------------------------------

11



I Pre-operative algorithm V4.0

fet‘

Emergency

Planned surgery (next day)

|

Y

CKD=chronic kidney disease; Hb=haemoglobin; ICU=intensive care unit; IV=intravenous

Transfusion probability
<10%

v
Transfusion probability
>10%

@_

A 2

Q 4 Hb 213 g/dl_'_‘ Q@ & Hb <13 g/dL

-------------------------
“

-----------------------------------------------------------------
*

Management of 1 @

pre- operatlve anaemia ﬁmdaﬁe’

[ Iron status ] [ Iron status ]

¥

NO iron
deficit
optimal

.
--------------------------

¢ S S—

Iron deficiency

. . o .
Transferrin sc:t)truratlon <20% NO iron
Ferritin <100 ng/mL deficit

Ferritin <300 ng/mL
If heart failure/CKD

/
¥ !
; Further
[ IViron j [ diagnostics of}

anaemia

*
-----------------------------------------------------------------

12
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I Pre-operative anaemia

_ Pre-operative anaemia _
IS associated with: 5y increase in

transfusions
(18.5% vs 4.7%, p<0.01)$2

22% longer hospital stay
(11 vs 9 days, p=0.0001)*!

2X increased risk of 3X increased risk of

mortality
(OR=2.90, p<0.001)82

infection
(OR=1.93, p=0.01)82

4X increased risk of

kidney injury
(OR=3.75, p<0.001)%?

*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 post-operative mortality (N=2,090)?

§Systematic review and meta-analysis of observational studies exploring associations between pre-operative anaemia and post-operative outcomes (24 studies; N=949,445)2
tRetrospective 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?

OR=0dds ratio
1. Beattie et al. Anesthesiology 2009;110(3):574-581; 2. Fowler et al. Br J Surg 2015;102(11):1314-1324; 3. Musallam et al. Lancet 2011;378(9800):1396-1407 13
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I Minimising blood loss and bleeding

1. Management of pre-operative anaemia

2. Minimising blood loss and bleeding
» Blood sparing technigues

» Haemostasis

» Intra-operative blood salvage

» Coagulation management

3. Restrictive use of blood units

14



I Hospital-acquired anaemia

Contemporary Bloodletting in Cardiac Surgical Care

Colleen G. Koch, MD, MS, Edmunds Z. Reineks, MD, PhD, Anne S. Tang, MS,
Eric D. Hixson, PhD, MBA, Shannon Phillips, MD, Joseph F. Sabik, III, MD,
J. Michael Henderson, MD, and Eugene H. Blackstone, MD

OO

10000

O

7500

5 litres

5000

Median Phlebotomy Volume (mL)

2500

1 I 1 I 1 1 1 1 I I 1 1
5 25 50 75 100 125 150 175 200 225 250 275
Hospital Length of Stay (days)
Data (N=1,867 cardiac surgery patients; 221,498 lab tests)

Koch et al. Ann Thorac Surg 2015;99(3):779-784



I Restrictive blood sampling

Fischer et al. Crit Care 2014;18(3):306
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\
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I Closed invasive pressure monitoring devices

M

Westphal et al. Anasth Intensivmed 2018;59:1-7

18
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I Restrictive use of blood units

1. Management of pre-operative anaemia

2. Minimising blood loss and bleeding

3. Restrictive use of blood units
» Monitoring tolerance of anaemia
» Restricted transfusion trigger

19
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1. Carson JL, Grossman BJ, Kleinman S, et al.
Red blood cell transfusion: a clinical practice
guideline from the AABB*. Ann Intern Med
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, et al. Guidelines
on the management of anaemia and red cell
transfusion in adult critically ill patients. Br J
Haematol 2013; 160 (4): 445-464.

4. Padhi S, Kemmis-Betty S, Rajesh S, et al.;
Guideline Development Group. Blood
transfusion: summary of NICE guidance. BMJ
2015; 351: h5832.

ECG=electrocardiogram; Hb=haemoglobin; RBC=red blood cell

Transfusion trigger checklist
List has to be filled for each RBC unit
(Exception: massive bleeding)

Hb <6 g/dL
B Independent of any compensation possibility

Hb 6-8 g/dL

B Clinical symptoms for anaemic hypoxia
(tachycardia, hypotension, ischaemic ECG
changes, lactate acidosis)

B Limited compensation, existing risk factors
(e.g., coronary artery disease, heart failure,
cerebrovascular insufficiency)

B (Otherindication: ..........c.ovviieiieiiiiieiiiee )

Transfusion in case of Hb >8 g/dL are related to
an unclear risk—benefit balance

B Hb >8 g/dL (only indicated in individual cases;
very low recommendation level [2C])

20
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I Most wanted treatment...

41. 704150410
38.1
36.1 835 3035.3 3458338 33.2

29.9

Transfusion rates
(RBC units per 1,000 people)

AABB=American Association of Blood Banks; CDC=Centers for Disease Control and Prevention; RBC=red blood cell
Carson et al. N Engl J Med 2017;377(13):1261-1272

280827.0

21



I Risks of transfusion versus...

Infectious and non-infectious adverse effects of red-cell transfusions
as compared with other, unrelated risks

M Airplane death

HHIV
B HCV
|| Lightning death
H HBV
B AHTR
Bl DHTR
M Motor vehicle death
B TRALI B Death from medical error
Bl FNHTR
B Allergic reaction
Bl TACO
| | | | | | | |
10,000,000 1,000,000 100,000 10,000 1000 100 10 1

AHTR=acute haemolytic transfusion reaction; DHTR=delayed haemolytic transfusion reaction; FNHTR=febrile non-haemolytic transfusion reaction; HBV=hepatitis B virus;

HCV=hepatitis C virus; HIV=human immunodeficiency virus; TACO=transfusion-associated circulatory overload; TRALI=transfusion-related acute lung injury
Carson et al. N Engl J Med 2017;377(13):1261-1272

22



I PBM study

2012 2013
01.07 01.01 01.07 01.01

Centre 1
Centre 2
Pre-PBM
(n=54,513 patients)
Centre 3
Centre 4

Patients from four University Hospitals (Bonn, Frankfurt, Kiel, Miinster)

IM=implementation of PBM; PBM=patient blood management
Meybohm et al. Ann Surg 2016;264(2):203-211

2014 2015
01.07 01.01 01.07

PBM

(n=75,206 patients)

23



werleon-l PBM study results

[ﬂ,ransfusions ] [ mplications ] [ g,osts ]

>17%

¥

6.4% 4

- 6.2% WWEE =14
Pre-PBM A Pre-PBM A Pre-PBM A
Patient [3{[¢fefe ) Management .eu Patient [3{[¢fefe ) Management .eu Patient [3{[¢fefe ) Management .eu

2019: >40%

SR (1 () { e—
SRea RS AN ;

Vi

PBM=patient blood management; RBC=red blood cell
Meybohm et al. Ann Surg 2016;264(2):203-211
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German PBM network
(2014 founded)
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PBM=patient blood management

v’ Participation free
v Sup@ﬂt@hﬁlimplement
v Mg REaIdtion

(Founded 2017)

More than 160 hospitals worldwide
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I PBM international — patient safety

-

Patient {3{fsYsle | Management N

MPATIENT BLOOD
MANAGEMENT

A I Gefordert durch:
I SHFEEMNLIGEVTVTE

@ Bundesministerium
fur Gesundheit

aufgrund eines Beschlusses
des Deutschen Bundestages

PBM=patient blood management

German Prize for
Patient Safety 2016

®

AKTIONSBUNDNIS
PATIENTENSICHERHEIT
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I patientbloodmanagement@kgu.de

Hospital is interested in Patient Blood Management
and contacts the PBM Network Coordination Centre

Agreement on collaboration with PBM Network l
Coordination Centre; Approval of local ethics committee

— Hospital officially joins PBM network ‘ Pa.im.mm
Hospital quarterly provides anonymized data on

dober
outcome measures to the PBM Network Coordination

Centre ‘

Anonymized data is entered into database and
analysed by the PBM Network Coordination Centre

Hospital individualized
data analyses

Implementation of Patient Blood Management with

support from the PBM Network Coordination Centre (for internal benchmarking, QM)

Anonymized
PBM Database

w

Analyses of dataset combining information from all hospitals
(for peer review of network-wide PBM implementation)

European
Society of
Anaesthesiology

pe

Publication

PBM=patient blood management

27
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I Multimodal PBM program based on a three-pillar strategy

Systematic review and meta-analysis

Studies had to address each of the three PBM pillars with at least one
measure per pillar, e.g., pre-operative anaemia management + cell
salvage + rational transfusion strategy

Study protocol: registered with PROSPERO (CRD42017079217)

17 studies with 235,779 surgical patients (100,886 pre-PBM group and
134,893 PBM group)

PBM=patient blood management
Althoff et al. Ann Surg 2019;269(5):794-804 28
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I Transfusion rate

Cl=confidence interval;

PBM=patient blood management

FBM Control (pre-PBEM} Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Random, 35% CI M-H, Randam, 95% Cl
Orthopedic surgery
Se-Osmann 2014 3z 190 29 127 3,0% 0,74 (0,47, 1.16) —T
Fineau 2016 5 183 24 184 1.1% 0.21 [0.08, 0.54] e —
Kopanidis 2016 1] 100 10 100 Lox 0,60 [.23, 1.59] —
Loftus 2016 771 6593 1253 5997 5.8% 0.56 (0,52, 1.61) -
Halt 2016 14 1010 3E5 1814 2.5% 0.08 [0.05, 0.13] ———
Freedman 2008 2000 1127 266 1089 5.3% 0.73 (62, 0.86] -
Ma 2014 k3 33 12 kTS 0.8 0.28 [0.09, 0.91] s —
Maorais 2014 a Il a5 347 0.2% 0.03 [0.00, 0.40] +———
Albinarrate 2015 81 357 111 271 4,7 0,55 [2.44, 0.70] -
Frew 2016 a 406 107 iy 1.8% .15 [0.08, 0.29] —
Theusinger 2014 656 6721 431 2150 5.7T% 0.49 [0.44, 0.54] -
Meyhohm 2016 2B5F 16208 2407 12613 5.0% 0,92 [2.87, 0.96] b
Leahy 2014 63 2343 98 2669 4.0% 0.75 [0.55, 1.02] —
Subtetal (95% CI) 35432 28135  41.7% 045 [0.35, 0.59) L 3
Total events 4693 G166
Heterogenelty: Tau® = 0.16; Chi* = 290.05, df = 12 (F < 0.00001); I* = 96%
Test for owerall effect: 2 = 5.87 (P < 0.00001)
Cardiac surgery
Freedman 2008 119 275 165 274 5.3% 0.72 [0.61, 0.85] -
Brevig 2009 26 479 229 530 4.9% .42 [0.34, 0.52) -
Leahy 2014 34 266 a1 245 3.6% 0.47 [0.32, 0.67] —_
Gross 2015 473 2275 152 387 5.4% . 0L61] -
Maskowitz 2010 62 586 249 586 4.5% . 0.32) -
Meyhohm 2016 3837 704 3378 5630 6.0% 0.81 [0.78, 0.83] =
Subtotal (5% CI) 11785 702 9% 0.50 [0.36, 0.70] -
Total svants 4611 4254
Heterogeneity: Tau® = 0.17; Chi® = 156.24, df = 5 (P < 0.00001% I* = 97%
Test for owerall effect: 7 = 4.00 (P < 0,0001)
Vascular surgery
Freedman 2003 105 232 143 287 5.1% 0,81 (0,76, 1.09] -
Leahy 2014 17 406 20 471 2.0% .99 [0.52, 1.86] I
Maybohm 2016 2119 5823 1731 4377 5.9% 0.52 [0.88, 0.97] L
Subtotal (95% C1) 6461 5135 13.1% 0,52 [0.88, 0.96] [
Total events 2241 18494
Heterogeneity: Tau® = 0.00; Chi® = 0.06, df = 2 (P = 0.97): I = 0%
Test for averall effect: Z = 3.41 [P = 0LO00G)
General surgery
Leahy 2014 56 1276 61 1853 3.7 1.33 [0.93, 1.90] -—
Meyhohm 2016 277E 13694 2051 alb4d 5.0% 0.90 [0.86, 0.95] b
Subtotal (95% Ci} 14970 11017 9.6% 105 [0.73, 1.53] -
Total svants 2828 2112
Hetarogeneity: Tau® = 0.06; Chi® = 4.49, df = 1 (P = 0.03); I = 78%
Test Tor overall effect: 7 < D27 (P = 0,7E)
Other field
Meyhohm 2016 GF58  4BALG 4818 26513 6,0 0,95 (2,92, 0.99]
Subtotal (95% C1} 409856 IG513 G.0% 095 [0.92, 0.93]
Total events 62509 4818
Heterogeneity: Mot applicable
Test for owerall effect: 2 = 2.78 (P = 0.005)
Total (95% C1) 118504 BES02 100.0% 061 [L55, 0.68] L]
Total evants 20631 15244

B e - . i - - " e I Il I Il

Heterogeneity: Tau® = 0.05; Chi 598.23, df = 24 (P < 0.00001): ) 96K B oh i o0

Test for oversall effect: 2 = 8.75 (P < 0.00001)

Test for subgroup differences: Chi® = 43.51, df = 4 (F < 0.00001), I = 90.8%

Althoff et al. Ann Surg 2019;269(5):794-804

More events in pre-PBM More events in PEM

Orthopaedic surgery

Heart surgery

Vascular surgery

General surgery

Total

29
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I Number of RBC units per patient

Cl=confidence interval;

PBM Control (pre-PEM)
Study or Subgroup Mean SD Total Mean S50 Total Weight

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

Orthopedic surguzy

So-0smann 2014 36 L1 s 061 L& 127 4.6%
Kopanidis 2016 316 2.04 100 2.05 1.1 100 3.4%
Freadman 2008 0.34 0,83 1127 051 1.04 1089 6.7%
Ma 2014 .24 0.83 33 081 l.2s8 37 11%
Theusinger 2014 0.34 1.25 6721 068 168 2150 6.7%
Meybohm 2016 L24 0.16 16293 l4e (.16 12633 6.9%
Leahy 2017 016 075 11942 027 102 10304 b.9%
Subtotal (95% CI) 36411 26440 38.3%

Heterogeneity: Tau® = 0,01; Chi* = 125.65, df = 6 (P < 0.00001); I¥ = 95%
Test for overall effect: Z = 4.14 (P < 0.0001)

Cardiac surgery

Freedman 2008 1.16 2.03 275 201 2.7 274 3.8%
Brevig 2009 0.53 1.82 479 143  3.08 530 4.7%
Gross 2015 0.61 1.57 2275 L28  2.34 387 5.4%
Meaybohm 2016 31,68 0.46 7A04 465 046 5630 6.9%
Leahy 2017 0.65 2.15 1431 l46 367 1096 5.3%
Subtotal (95% CI) 12364 7917 26.1%
Heterogeneity: Tau® = 0.01; Chi® = 8.02, df = 4 (P = 0.09): I* = 50%

Test for overall effect: 2 = 12,91 (P < 0.00001)

Vascular surgery

Freedman 2008 1.75 3.82 232 212 439 287 2.0%
Meybohm 2016 3,77 0.52 5823 49 053 4377 6.9%
Leahy 2017 0.38 1.51 1870 077 243 1760 6.4%
Subtotal (95% CI) 7925 6424 15.2%

Heterogeneity: Tau® = 0.27; Chi* = 121.12, df = 2 (P = 0.00001); I = 98%
Test for overall effect: 2 = 2.08 (P = 0,04}

General surgery

Meybohm 2016 209 016 13694 239 016 9164 6.59%
Leahy 2017 0.31 1.59 5437 043 217 4512 B.7%
Subtotal (95% CI) 19131 13676  13.6%

Heterogeneity: Tau® = 0.01; Chi* = 952, df = 1L {P = 0.002); I* = §9%
Test for overall effect: £ = 4.13 (P < 0.0001)

Other ficlds
Meybohm 2016 15 48 4985 17 56 36513  6.7H
Subtotal (95% CIy 49856 36513 6.7%

Heterogeneity: Not applicable
Test for overall effect: Z = 5.50 (P < 0.00001)

Total (95% CI) 125687 90970 100.0%
Heterogeneity: Tau® = 0.05; Chi* = 15280.28, df = 17 (P < 0.00001); I* = 100%
Test for overall effect: 2 = 7.08 (P < 0,00001})
Test for subgroup differences: Chi® = 88.79, df

4 (P < 0.00001), I' = 95.5%

PBM=patient blood management; RBC=red blood cell
Althoff et al. Ann Surg 2019;269(5):794-804

=0.25 [-0.57, 0.07]
1.11 [0.66, 1.56]
=-0.17 [-0.25, -0.09]
0.57 [-1.07, -0.07]
-0.34 [-0.42, -0.26]
-0.22 [-0.22, -0.22]
0.11 [-0.13, -0.09]
-0.18 [-0.26, -0.09]

-0.85 [-1.25, -0.45]
-0.90 [-1.21, -0.59]

0.67 [-0.91, -0.43]
-0.97 [-0.99, -0.95]
-0.81 [-1.05, -0.57]
-0.87 [-1.00, -0.74]

-0.37 [-1.08, 0.34]
1.13 [-1.15, -1.11]

-0.39 [-0.52, -0.26]
-0.66 [-1.29, -0.04]

-0.30 [-0.30, -0.30]
0.18 [-0.26, -0.10]
-0.25 [-0.36, -0.13]

-0.20 [-0.27, -0.13]
-0.20 [-0.27, -0.13]

-0.43 [-0.54, -0.31]

— Orthopaedic surgery

Heart surgery

Vascular surgery

General surgery
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I Length of hospital stay

Cl=confidence interval;

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

PEM Caontrol {pre-PEM)
Study or Subgroup  Mean SD Total Mean S50 Total Weight
Orthopedic surgery
Rineau 2016 9.28 2.7 183  9.35 2.5 184 6.7%
Loftus 2016 j.oz 176 6593 3.32 1.91 5997 12.7%
Freedman 2008 B6.25 18.2 1127 716 7.51 1089 2.4%
Ma 2014 12.4 1.2 33 13.2 1.5 37 5.6%
Albinarrate 2015 9.1 3.8 357 10.1 3.8 271 5.9%
Meybohm 2016 12,85 1b.3 16298 1298 16.03 12633 8.8%
Leahy 2017 5.89 8.74 11942 6,39 8.86 10304 10.9%
Subtotal (95% CI) 36533 30515  52.9%
Heteragensity: Tau? = 0.03; Chi* = 12,66, df = 6 (P = 0.05); IF = 53%
Test for overall effect: 7 = 4,16 (P < 0.0001)
Cardiac surgery
Freedman 2008 7.81 7.55 275 10,78 10.4 274 1.5%
Crass 2015 10,4 & 2275 12.2 9.6 387 3.0%
Meybohm 2016 16.6 19.4 7904 16.95 19.8 5630 5.2%
Leahy 2017 11.07 11.64 1431 11.9 11.74 1096 3.4%
Subtotal (95% Cl) 11885 TIEF  13.1%
Heterogeneity: Tauw® = 0.77; Chi* = 12 58, df = 3 (P = 0.008); I = 76%
Test for overall effect: 2 = 2.63 (P = 0.009)
Vascular surgery
Freedman 2008 807 234 232 1291 275 287 0.2%
Meybohm 2016 18.13  25.1 5828 1368 24.98 4377 31%
Leahy 2017 9.16 12.91 1870 9.9 13.02 1760 3.9%
Subtotal (95% CI) 7930 6424 7.2%
Heterageneity: Tau® = 0.31; Chi* = 3.51, df = 2 (P = 0.17); I* = 43%
Test for overall effect: Z = 1.70 (P = 0.09)
General surgery
Meyhohm 2016 14.38 21.33 13694 14.58 19.58 9164 0.6%
Leahy 2017 6.97 10,06 5437 649 B.7% 4512 B.9%
Subtotal (95% CI) 19131 13676 15.5%
Heterogensity: Tau® = 0.18; Chi® = 4.17, df = 1 (P = 0.04); I = 76%
Test for overall effect: 2 = 0.50 [F = 0.62)
Other fields
Meybohm 2016 1007 14,1 49856 11.1 146 36513 11 4%
Subtotal (95% Cl) 49856 36513 114%
Heterogeneity: Not applicable
Test for averall effect: 2 = 4.04 (P < 0.0001)
Total (95% Cl) 125335 94515 100.0%
Heterogeneity: Tau® = 0.08; Chi* m 57.74, df = 16 (F < 0.00001); I* = 72%

Test for overall effect: 2 = 4.45 (P < 0.00001)

Test for subgroup differences: Chi® = 7.02, df = 4 (P = 0.13), I¥ = 43.0%

PBM=patient blood management
Althoff et al. Ann Surg 2019;269(5):794-804

=0.07 [-0.60, 0.46]
-0.30 [-0.36, -0.24]
-0.91 [-2.06, 0.24]
-0.80 [-1.43, -0.17]
-1.00 [-1.60, -0.40]
-0.13 [-0.51, 0.25]
-0.50 [-0.73, -0.27]
-0.41 [-0.60, -0.22]

-2.97 [-4.49, -1.45]
-1.80[-2.81, -0.79]
-0.35 [-1.02, 0.32]
0.83 [-1.75, 0.09]
-1.34 [-2.34, -0.34]

4.84 [-9.22, -0.46]
0.55 [-1.53, 0.43]

-0.74 [-1.58, 0.10]
-0.85 [-1.83, 0.13]

-0.20 [-0.74, 0.34]
0.48 [0.11, 0.85]
0.17 [-0.50, 0.83]

~0.40 [-0.59, -0.21]
-0.40 [-0.59, -0.21]

-0.45 [-0.65, -0.25]

. . *

Orthopaedic surgery

Heart surgery

Vascular surgery

General surgery

[

T
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Mare days in pre-PEM  More days in PEM
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I Number of complications

FEM Control (pre-PEM) Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% C|
Orthopedic surgery .
S0-Osmann 2014 12 214 5 138 07%  155(0.56,4.30) — O rt h o) p aed IC SuU rg ery
Rineau 2016 14 183 11 184 1.2% 1.28 [0.60, 2.74] B
Kopanidis 2016 17 100 1a 100 1.7% 1.06 [0.57, 1.98] I
Loftus 2016 28954 B593 3604 5997 8.8% 0.73 [0.70, 0.75] "
Haolt 2016 5 1010 13 1814 0.7% 0.69 [0.25, 1.93] T
Freedman 2008 23 1127 41 1089 2.3% 0.54 [0.33, 0.90] I
Ma 2014 5 33 3 37 0.4% 1.87 [0.48, 7.22] I
Albinarrate 2015 32 357 39 271 2.8% 0.62 [0.40, 0.97] /]
Frew 2016 36 406 a7 717 3.6% 0.66 [0.46, 0.94] —
Meybohm 2016 599 16298 464 12633 7.7% 1.00 [0.89, 1.13] T
Leahy 2017 204 5413 266 7282 6.6% 0.66 [0.55, 0.79] -
Subtotal (95% CI) 34734 30262 36.5% 0.78 [0.66, 0.92] L
Total events 35901 4649

Heterogeneity: Tau® = 0.03; Chi* = 37,62, df = 10 (F < 0.0001); I* = 73%
Test for overall effect: Z = 2.96 (P = 0L003)

Cardiac surgery

Freedman 2008 18 275 30 274 1.9% 0.53 [0.30, 0.95] ]

Brevig 2009 54 479 77 530 4.1% 0.78 [0.56, 1.07] -

Maskowitz 2010 91 586 178 586 5.7 0.51 [0.41, 0.64] - H eart S u r g e ry
Gross 2015 164 2275 43 387 4.2% 0.65 [0.47, 0.89] -

Meybohm 2016 813 7904 618 5630 8.0% 0.94 [0.85, 1.03] b

Leahy 2017 86 949 69 750 4.4% 0.95 [0.73, 1.33] 1

Subtotal (95% CI) 12468 8157  28.3% 0.73 [0.56, 0.94] &>

Total events 1224 1015

Heterogeneity: Tau® = 0.08; Chi* = 29.54, df = 5 (P < 0.0001); I* = 83%

Test for averall effect: Z = 2.46 (P = 0.01)

Vascular surgery

Meybohm 2016 541 5828 494 4377 T.7H 0.82 [0.73, 0.92] -

Leahy 2017 72 1155 70 GG 4.2% 0.88 [0.64, 1.21 -

Suht"t,nal (95% CI) 6983 5363 11.9% 0.83 {0.74. 0.92} ¢ VaS C u I ar S u rg e ry
Total events 613 564

Heterogeneity: Tau’ = 0,00; Chi® = 0,14, df = 1 (P = 0.70) I! = 0%

Test for overall effect: Z = 3.39 (P = 0.0007)

General surgery

Meybohm 2016 TAB 13694 597 9164 7.9% 0.84 [0.76, 0.93) -

Leahy 2017 235 3736 213 3368 6.6% 0.990.83, 1.19 -

Sum:.ul (95% CI) 17430 12532 14.5% 0.90 {0.75, 1.(:5]I 2 G e n e r al S u r g e ry
Total events 983 810

Heterogeneity: Tau® = 0.01; Chi* = 2.60, df = 1 (P = 0.11); I = 62%

Test for overall effect: Z = 1.28 (P = 0.20)

Other fields

Meybohm 2016 4348 49856 3465 36513 8.7% 0.92 [0.88, 0.96] b

Subtotal (95% CI) 49856 36513 B.7% 0.92 [0.88, 0.96] [l

Total events 4348 3465

Heterogeneity: Not applicable
Test for overall effact: Z = 3.89 (P < 0.0001)

Total (95% Cl) 121471 92827 100.0% 0.80 [0.74, 0.88] ¢ I t I
Total events 11069 10503 O a
|

[ i - Chit = - e \ \ .
Heterogeneity: Tau 0.02; Chi 143,08, df = 21 (P < 0.00001); | B5% IO.UL o' T l'D 100

More events in pre-PBM More events in PBM

Test for overall effect: 72 = 4.75 (P < 0.00001)
= i i . Test fi b diff : Chi* = 8.64, df = 4 (P = 0.07), I* = 53.7%
Cl=confidence interval; est for subgroup differences: Chi )

PBM=patient blood management
Althoff et al. Ann Surg 2019;269(5):794-804
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I Mortality

Orthopaedic surgery

Heart surgery

Vascular surgery

General surgery

Total

PBEM Control (pre-PBM) Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% Cl
Orthopedic surgery
Rineau 2016 [}] 183 1 184 0.1% 0.34 [0.01, 8.17)]
Kopanidis 2016 4] 100 0 100 Not estimable
Loftus 2016 8 6593 15 5997 1.4% 0.49[0.21, 1.14] —
Freedman 2008 2 1127 1 1089 0.2% 1.93 [0.18, 21.28]
Meybohm 2016 350 162598 364 12633 13.0% 0.75 [0.64, 0.86) *
Leahy 2017 71 11942 88 10304 6.8% 0.70 [0.51, 0.95] —
Subtotal (95% CI) 36243 30307  21.5% 0.73 [0.64, 0.83] *»
Total events 431 469
Heterogeneity: Tau® = 0.00; Chi® = 1.90, df = 4 (P = 0.75); I = 0%
Tast for overall effect: 2 = 4.75 (P < 0.00001)
Cardiac surgery
Freedman 2008 2 275 6 274 0.4% 0.33 [0.07, 1.63] I — —
Brevig 200% 17 479 16 530 2.1% 1.18 [0.60, 2.30] N e
Moskowitz 2010 5 586 15 586 1.0% 0.33 [0.12, 0.91] - =
Gross 2015 100 2275 15 387 3.1% 1.13 [0.67, 1.93] -T
Meybohm 2016 448 7904 333 5630  13.4% 0,96 [0.84, 1.10] -+
Leahy 2017 37 1431 3z 1096 3.9% 0,89 [0.56, 1.41] — =
Subtotal (95% CI) 12950 8503 23.9% 0.92 [0.73, 1.16] *
Total events 609 417
Heterageneity: Tau® = 0.02; Chi® = 6.76, df = 5 (P = 0.24); I = 26%
Test for overall effect: Z = 0.72 (P = 0.47)
Vascular surgery
Freedman 2008 3 232 7 287 0.6% 0.53 [0.14, 2.03] —
Meybohm 2016 403 5823 328 4377 13.2% 0.92 [0.80, 1.086] -
Leahy 2017 41 1870 45 L7860 4.6% 0.86 [0.56, 1.30] T
Subtotal (95% CI) 7925 6424  18.4% 0.91 [0.80, 1.04] L
Total events 447 380
Heterogeneity: Tau® = 0.00; Chi® = 0.74, df = 2 (P = 0.69); ' = 0%
Test for overall effect: 2 = 1,37 (P = 0.17)
General surgery
Meybohm 2016 716 13694 459 9164  14.4% 1.04 [0.93, 1.17] "
Leahy 2017 61 5437 71 4512 6.1% 0,71 [0.51, 1.00] ——
Subtotal (95% CI) 19131 13676 20.5% 0.89 [0.62, 1.29] *
Total events 777 530
Heterogeneity: Tau® = 0,06; Chi* = 4,34, df = 1 (P = 0.04); * = 77%
Test for overall effect: Z = 0.60 (P = 0.55)
Other fields
Meybohm 2016 1300 49856 908 36513 15.7% 1.05 [0.96, 1.14] o
Subtotal (95% CI) 49856 36513 15.7% 1.05 [0.96, 1.14] ]
Total events 1300 908
Heterogeneity: Mot applicable
Test for overall effect: Z = 1.11 (P = 0.27)
Total (95% CI) 126105 95423 100.0% 0.89 [0.80, 0.98] ¥
Total events 3564 2704

e ] . s BT I } 1

Heterogeneity: Tau® = 0.02; Chi® = 36.28, df = 16 (F = 0.003); I’ = 56% bl o 1 To 100

Test for overall effect: 2 = 2,25 (P = 0.02)

Test for subgroup differences: Chi® = 21.37, df = 4 (P = 0.0003), I = 81.3%

Cl=confidence interval;
PBM=patient blood management

Althoff et al. Ann Surg 2019;269(5):794-804

More events in pre-PBM  Mare events in PEM
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POLITIKBRIEF 1]2019 VERBAND DER UNIVERSITATSKLINIKA DEUTSCHLANDS E.V.

BARMER

Patient Blood Management: Newsletter -3/
Patienten schiitzen, Ressourcen sparen fiir Journalisten 5 ‘
Deutschlandweit werden pro lahr fast vier Millionen Blutkonserven verab- Ny . I o - -

Leibniz-Institut fur
Wirtschaftsforschung

BARMER-Krankenhausreport 2019

dem haben die Elinika die bis dato weltwalt grofste begleitstudie Zur Ljualitatsache- Butproduite in Deutschiand grundsatrlich unbedenkiich sind, darf man nicht
rung beim PBM durchgefithrt, bei der fast 130.000 Patient=n einbezogen wurden. o dass joda Transfusion aine Art Miri-T N on ist, inkhuss
alior damit varbundanen Risiken und Nebermwinkungar’ = Marschal Sc kann
s baispioiweise 2u siner [berfordenung des Immunsystams, alkrgischen
Reaktionen ader — trotz sller SicherhaitsmaBnahmen - nur (bartragung von
fall oder sina Lungenambolie snd.

Uniklinlka als Innovatlonsmotor starken

Das Patient Blood Management zeigt: Uniklinika ibernehmen Gemeinwohl-Aufgaben fir
das Versorgungssystem und bringen iber Metzwerkbildung neue Konzepte in die Fliche. Die
Politik sollte diese Rolle der Universititsklinika als Vorreiter fiir Innovationen starker unter-
stittzen. Die Rahmenbedingungen fiir diese besonderen Aufgaben, die im standardisierten
Finarzierungssystem nicht abgebildet sind, milssen dringend verbessert werdan.

Verband der Universitatsklinka Deutschiands V. (VUD]) - Politikbrie! V2012 5




