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Definition

Patient blood management (PBM) is:

- patient-focused

- evidence-based

- systematic and multidisciplinary approach

To optimize the management of patient and transfusion blood products for quality
and effective patient care.

It is designed to improve patient outcomes through the:
- safe and rational use of blood and blood products

- Mminimizing unnecessary exposure to blood products
- main focus on elective surgery




Patient Blood Management

= Patient blood management (PBM) is a patient-focused, evidence-based and
systematic approach to optimize the management of patient and transfusion of
blood products for quality and effective patient care.

» |tis designed to improve patient outcomes through the safe and rational use of
blood and blood products and by minimizing unnecessary exposure to blood
products.

» Essential elements of patient blood management include:

-the prevention of conditions that might otherwise result in the need for
transfusion (through health promotion and screening for early detection),

-appropriate diagnosis and optimal treatment, including the use of
alternatives to transfusion, good surgical and anaesthetic techniques, the use of
alternatives to blood transfusion and blood conservation.
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Starting out from Australia after the 2000s

¢ Eirst book on the topjc:
Mohammed Ramez Salem ed.
Blood conservation in the
surgical patient, 1996, Williams

& Wilkins, Baltimore
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Anemia as a principal risk factor
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Preoperative anaemia and postoperative outcomes in
non-cardiac surgery: a retrospective ¢~~~

Khaled M Musallom, Hani M Tamim, Toby Richards, Danat R Spohn, Frits k Bosendaal, Ald
Kaivwan Khovandi, Pieme M Sfeir, Assaad Soweid, jamal ) Heballah, Ali T Taher, Faek R jama

Summary

Background Preoperalive anaemia is associated with adverse outcornt
non-cardiae surgery are not well established. We aimed to assess th
postoperative morbidity and mortality in patients undergoing major nor

Metheods We analysed data for patients undergoing major non-cardiac su
Surgeons’ National Surgical Quality Improvernent Program database (a |
211 hospitals worldwide in 2008). We obtained anonymised data fo
respiratory, CNS, urinary tracl, wound, sepsis, and venous thromls
preoperative and perioperative tisk factors. We used multivariate log
modified (nine predefined risk factor subgroups) effect of anaemia,
concentration »29=<39% in men and =29-<36% in women) or moder;
postoperative outcomes.

Findings Weobtained data for 227 425 patients, of whom 69 229 (30 - 44%5)
postoperative mortality at 30 days was higher in patients with anaemia th
1.42, 9596 CI 1.31=1.54); thizs difference was consistent in mild anaem
anaemia (1-44, 1-29-1-60). Compasite postoperative morbidity at 30 da
than in those without anaemia (adjusted OR 1-35, 1. 30-1- 40}, again cm
1. 26-1-36) and moderate-to-severe anaermia [1-56, 1-47-1-66). When o
defined risk factor, patients with anaemia and moest risk factors had a |
morhidity than did patients with either anaemia or the risk factor alone.

Interpretation Preoperative anaemia, even to a mild degree, is indeper
30-day morbidity and mortality in patients undergoing major non-cardiz

Funding Vifor Pharma.

=P Musallam K et al. Lancet 2011,378:1396-407
=) Retrospective, 227,425 patients
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(Hb < 9 g/dl)
(n=11,359)



Unfavorable consequences of pre-operative
anemia

5X increase in

Preoperative anemia
@ s associated with -
transfusions

/ \ \ (18.5 vs 4.7, P<0.01)52

22% longer hospital stay
(11 vs 9 days, P=0.0001)*"

3X increased risk of

2X increased risk of . ] mortality
infection 4X increased risk of (OR= 2.9, P<0.001)52
(OR= 1.93, P=0.01)52 kidney injury

(OR= 3.75, P<0.001)82

Retrospective single-centre cohort study of consecutive patients =18 years undergoing non-cardiac surgery between March 2003 and June 2006 (M= 7,759).
are the propensity-matched values for variables that are potential confounders in the relationship between anaemia and postoperative morality
=2 090)." % Systematic review and meta-analysis of observational studies exploring associations between precperative anaemia and postoperative
(24 studies N=949 445) % T Retrospective cohort study of major non-cardiac surgery in 2008 {a prospective validated outcomes registry from 211
ozpitals worldwide, N=227 425). OR presented had an extended adjustment for a large number of clinically relevant varnables. 2

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



Unfavorable conseqgeunces of pre-operative Ay
anemia oy

¢ Transfusion need increases I

¢Independent risk factor of peri-operative complications: e.g.
Infection, kidney injury

¢ Overall mortality increases I

¢ Mobilisation and rehabilitation is delayed — longer hospital
stays

¢ Overall cost increases I



Activities against anemia

¢ Pre-operative period:

-Early recognition: the diagnostic process starts 28 days preceeding the elective
surgery

-Causative and symptomatic treatment: iron supplementation, also i.v., EPO
¢ Intra-operative period:

-Optimal Hb value (Hb > 130-150 g/L) during operation
¢ Post-operative period:

-Further iron supplementation if needed

-Erythropoesis stimulation by EPO

‘Increased awereness of drug interactions that may aggravate anemia

Best Pract Res Clin.Anesth. 2013, 27:69



Pre-operative algorhytm: German example

i;QJ?I Preop Algorithm V4.0

Emergency Planned Surgery (next day)
L 2
Transfusion probakbility Transfusion probability
< 10% > 10%
2 4 Hb=13 g/l 2 & Hb =13 g/dl
£ Management of )
: '"'" ™ i
] Preope ratwe anaemia
' [ Iron status Iron status
] L Iron deficiency | - + .
Transferrin saturation < 20% H
MO iron deficit or NGO iron deficit
optimal Ferritin < 100 ng/ml
Famitin < 300 ngimi . .
If heart Talure f CKD .
¥ ¥
IV iron Further H
) diagnostics of H
anaemia H

Prof. Zacharowski szivességébdl, 2019 Budapest



Planning

= Estimate the risk of surgical
haemorrhage

= PBM is applied to patien whose
estimated perioperative blood loss
exceeds 500 ml = ,High bleeding risk
surgery”

= Preoperative anaesthesiology e
valuation more than 1 week (ideally 4
weeks) before the planned surgery

General Surgery

« Hemihepatectomy

« Adrenalectomy

+ Qesophagectomy

» Duodenopancreatectomy

« Gastrectomy

» Hemicolectomy

« Splenectomy

«  Other major abdominal pelvic or thoracic surgery
Vascular Surgery

« Large vessels surgery

« Lower limb amputation
Neurosurgery

« Osteosynthesis, open repositioning and spinal osteoplasty

« Cransotomy. incision of brain and/or cerebral meninges
Orthopaedics-Traumatology

« Pelvic and hip joint surgery

+  Spinal surgery

» Flap surgery

« Lower limb surgery (osteosynthesis. osteotomy)

+ Polytrauma patients

« Upper mb surgery (endoprosthesss. osteosynthests. osteotony)
Urology

« Cystectomy

« Nephrectomy (including partial)

» Open prostatectonty
Cardiac Surgery

« Procedures requiring extracorporeal circulation

« Pericardectonues



Scientific evidence In favour of I.v. Iron

= NARRATIVE REVIEW ARTICLE

Intravenous Iron for Treatment of Anemia in the 3
Perisurgical Phases: A Review and Analysis of the
Current Literature

Frank Peters, MD,* Ines Ellermann, PHARM,+ and Andrea U. Steinbicker, MD, MPH*

Before surgery: Meta-analyses of RCTs using |V iron administration
led to an increase in Hb levels, a reduction of RBC use, and an
improvement in patient outcome.

Perioperative setting: few studies recommended the use of
perioperative IV iron in cases of severe anemia in orthopedic
surgery but not in all types of surgery.

Postoperative setting: positive effects of IV iron on Hb levels,
length of hospital stay, and transfusion requirements.

Anesth Analg 2018;126:1268—-82



Treatment on day -1 before surgery

Effect of ultra-short-term treatment of patients with iron @™ ®
deficiency or anaemia undergoing cardiac surgery:
a prospective randomised trial

Donat R Spahn*, Felix Schoenrath*, Gabriela H Spahn, Burkhardt Seifert, Philipp Stein, Oliver M Theusinger, Alexander Kaserer, Inga Hegemann,
Axel Hofmann, Francesco Maisano, Volkmar Falk

Summary
Background Anaemia and iron deficiency are frequent in patients scheduled for cardiac surgery. This study assessed Lancet 2019;303:2201-12
whether immediate preoperative treatment could result in reduced perioperative red blood cell (RBC) transfusions  published online

and improved outcome. April 25, 2019
http://dx.doi.org/10.1016/

osiisricn . . . . i S0140-6736(18)32555-8
Methods In this single-centre, randomised, double-blind, parallel-group controlled study, patients undergoing elective e

. . . a . . s See Comment page 2177
cardiac surgery with anaemia (n=253; haemoglobin concentration (Hb) <120 g/L in women and Hb <130 g/L in men) e 5 gl
or isolated iron deficiency (n=252; ferritin <100 mcg/L, no anaemia) were enrolled. Participants were randomly OInUTEd quay
Institute of Anaesthesiology,

assigned (1:1) with the use of a computer-generated range minimisation (allocation probability 0-8) to receive either

z K LI > Z i University of Zurich and
placebo or combination treatment consisting of a slow infusion of 20 mg/kg ferric carboxymaltose, 40000 U  yyyersity Hospital zorich,
subcutaneous erythropoietin alpha, 1 mg subcutaneous vitamin B12, and 5 mg oral folic acid or placebo on the day zurich, Switzerland
before surgery. Primary outcome was the number of RBC transfusions during the first 7 days. This trial is registered (Prof DR 5pahn, G HSpahn MD,

. . . . . P Stein MD, A Kaserer MD);
with ClinicalTrials.gov, number NCT02031289. S S—_

and Vascular Surgery, German
Findings Between Jan 9, 2014, and July 19, 2017, 1006 patients were enrolled; 505 with anaemia or isolated iron Heartcentre Berlin, Berlin,
deficiency and 501 in the registry. The combination treatment significantly reduced RBC transfusions from a Sermany (Fschoenrath MD),

. az agie . and German Centre for
median of one unit in the placebo group (IQR 0-3) to zero units in the treatment group (0-2, during the first = "0

7 days (odds ratio 0-70 [95% CI 0-50-0-98] for each threshold of number of RBC transfusions, p=0-036) and partersite Berlin, Germany
until postoperative day 90 (p=0-018). Despite fewer RBC units transfused, patients in the treatment group had a (FSchoenrath); Department of
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Hospital acquired (latrogen) anaemia

Data (n= 1867 cardiac surgery patients: 221,498 labtests) ————) 118 inspections/patient!!!!

Contemporary Bloodletting in Cardiac Surgical Care

Colleen G. Koch, MD, M5, Edmunds Z. Reineks, MD, PhD, Anne 5. Tang, M5,
Eric D. Hixson, PhD, MBA, Shannon Phillips, MD, Joseph F. Sabik, III, MD,
J. Michael Henderson, MD, and Eugene H. Blackstone, MD

Department of Cardiothoracic Anesthesia, Heart and Vaso
Pathology & Laboratory Medicine Institute; Department of A
Mledical i'.lpl.-ratiurl.-:; Uep.:rl:ml.-nt of Thoracie and Cardiova O O

Surgery, Digestive Disease Institute, Cleveland Clinde, Cley 12500 4

O

Backgromnd, Health care providers are seldom awa

S = O
e frequency and volume of phlebotomy for labor  E
testing, bloodletting that often leads to hospital-acqn ¥
anemia, Our objechives were to examine the frequ % @
of laboratory testing in patents undergoing cardiac > 7a0p 4
gery, calculate cumulative phlebotomy volume from £
of initial surgical consultation to hespital discharge, % 5 |itE!I'S 1
propose strategies to reduce phlebotomy volume. 2 e
Methods. From January 1, 2012 to June 30, 2012, £ 50009 o o o — e e o o = -
patients underwent cardiac surgery at Cleveland C e O O
alizal 3 i ach labora -]
- 2500 4
ﬂ -

¥ T 1 L 1 1 L T
5§ 25 50 75 100 125 150 175 200 225 250 275
Haospital Length of Stay (days)

Koch CG et al. Ann ThoracSurg2015



Restrictive blood sampling for diagnostics

Fischer D, et al. CritCare. 2014



Closed Invasive pressure monitoring devices

Westphal S et al. A&l 2018
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New approaches to assess and improve hemostasis status v

Haemostasis abnormality assessment by a standardised questionnarie to be
applied preoperatively

Preoperative adjustment of anticoagulant and antiplatelet treatment

Usage of point of care testing (POCT)

Usage of tranexamic acid (fibrinolysis inhibitor), desmopressin (antagonizing
ant-aggregation), fibrinogen

Maintaining optimal haemostasis conditions during the entire perioperative

period



More effective bleeding management

Diagnostics: Viscoelasthic, POCT test (TEG-ROTEM) guided hemo-
substitution

PPSB = Prothromplex, prothrombin concentrate (PCC): factors I, VII,
X, X. -

| W e
==/ PPSB (FFP)

. — ?’w‘
| ;l 11

‘ Fibrinogen
Tranexamic acid/
Desmopressin

Drug history

Standards
(Tc > 35°C; pH > 7.2; Ca; > 1.2 mmol/l)

Surgical bleeding

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



Intra-operative blood salvage by cell-saver

Processed autologous for re-infusion

Patient ( \

Heparinized saline

Dual-lumen

) Washed
suction catheter

Saline
for washing

Cell saver

Waste products collection bag




Additional peri-operative measures against bleeding

» Cuffs and special devices blocking
local circulation

» Temperature control of patient and
Infusions

ARGON coagulator for precise local
tissue damaging

= Point of care (POCT) monitoring of
actual coagulation status — TEG-
ROTEM

= |Local anti-bleeding agents: e.g.
fibrin glue, collagen preparations
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International guidelines for lower transfusion triggers + <Z

A
>
N

fill-out requirement prio to each transfusion v

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; 1137

3. Retter A, Wyncoll D, Pearse R, Carson D, McKechnie
S, Stanworth 5, et al. Guidelines on the management
of anaemia and red cell transfusion in adult crtically ill
patients. British journal of haematology.
2013;160(4):445-64

4. Padhi 5, Kemmis-Betty S, Rajesh 5, Hill J, Murphy
MF, Guideline Development G. Blood transfusion:

summary of NICE guidance. BMJ (Chnical research
ed. 2015;351:h5832.

Transfusion trigger checklist

List has to be filled for each RBCI!!!!
(Exception: massive blesding)

Hb < 6 g/dI

. Independent of any compensation possibilty

Hb 6 - 8 g/dlI

. Clinical symptoms for Anemic hypoxia
(tachycardia, hypotension, ischemic ECG
changes, lactate acidosis)

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

B {Other INdication: .......ccoerersressrensrsssrssssssssnssss)

Transfusion in case of Hb > 8 g/d| are related to an
unclear risk-benefit balance

n Hb = & g/dl {only indicated In indiviual cases;
Very low recommendation level (2 CJ)



Activities to Improve patient anaemia tolerance

Pre-operative period:
-Optimise cardiac output: normovolemiat+hemodynamic stabilisation

-Assess patient’s physiological reserve
Intra-operative period:
-Optimise cardiac output, ventilation and oxygenation

-Avoid hypothermia

-Reduce Iintra-operative oxygen consumption
Post-operative period:

-Maximise oxygen delivery, minimse oxygen consumption
-Pay increased attention to infection control

-Use restrictive transfusion protocols




Testing anemia tolerance

TRANSFUSTON PRACTICE

An update on mortality and morbidity in patients with
very low postoperative hemoglobin levels who

decline blood transfusion

Aryeh Shander, Mazyar Javidroozi, Sajjad Naqvi, Oshuare Aregbeyen, Mustafa Caylan,

Selma Demir, and Anna Juhl

Cohort: Members of the Jehovah Witnesses church, n=288, age: 61.5 :

+- 16.9 years, mostly women

Outcome: 30 days mortality in the post-operative period

Hb level, g/L Mortality (%0)
70-80 1
50-70 9.2
30-50 27

Transfusion 2014, 54, 2688



Design of an international PBM study

2012 2013 2014 2015
01.07. 01.01. 01.07. 01.01. 01.07. 01.01. 01.07.

Centre 1
Centre 2 P BM
BEfﬂrg (n=75,206 patients)
Centre 3 (n=34,513 patients)
Centre 4
FEATURE

Patient Blood Management is Associated With a Substantial
Reduction of Red Blood Cell Utilization and Safe for Meybohm P et al. Ann
Patient’s Outcome '
Surg 2016

A Prospective, Multicenter Cohort Study With a Noninferiority Design

Patrick Meybohm, MD,* Eva Herrmann, PhD,T Andrea U. Steinbicker, MD, MPH. ! Maria Wittmann, MD.§



Results of the 2016 international PBM study

[nr;nsfusion J [ mplications ] [gosts ]

17%

Before et ([0 Mansgement .
ni“"

Meybohm et al. 2016 {(Annals of Surgery)



PBM Network in Germany and worldwide

German PBM-Network

(2014 founded)
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More than
160 Hospitals
worldwide




Examples of international ongoing PBM programs

FATE-WIDE WESTERN AUSTRALIA CANADIAN PROVINCIAL AUSTRIAN INSTITUTIONAL
EPARTMENT OF HEALTH PBM PROGRAM PROGRAMS?
BM PROGRAM!? OnTRAC?
e Government of Western Australia 1T
§ fi=== T i oMz
lmprlc:vte:mint . Imgroved Key Blood & Plasma General Hospital Linz Landesklinikum
atien tOgTam products (2008-14) Gdnserndorf-
Outcomes Indicators Mistelbach
Pre-operative Anemia Total knee arthroplasty )
Bbcreased by Bocraainiin 41% Improved Key Program Indicators
28% 14% decrease in use
Transfusion rate Transfusion Rate*
70% Decreased by
decrease in use 1.9%

Decreased by

21%

14%
decrease in use Transfusion Index*
Blood & Plasma Decreased by
products 0.7%
Red Blood Cells CABG surgery

d

Decreased by 41% 23% Blood & Plasma
31% decrease in use decrease in use products
Red Blood Cells Red Blood Cells (2006)
Length of Stay >40% 35%
decrease in use decrease in use

Decreased by

15%

Adapted from: EC PBM Guideline for Hospitals, pages 44-46







