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Pre-operative Hb and odds ratio 
for mortality in 1958 Jehovah’s 
witness patients 
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No differences in pts without cardiovascular disease 

Differences in pts with cardiovascular disease 



AND IF THE HB IS VERY 
LOW…… 
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A value of 6.0 makes a lot of sense as a lower limit 



Intra-operative Anaemia in 
cardiac surgery – Non JW 
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Impact of Preoperative Anemia on 

Outcome in Patients Undergoing Coronary 

Artery Bypass Graft Surgery 
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Incidence of different noncardiac outcomes for all patients vs preoperative hemoglobin level.  

Copyright © American Heart Association, Inc. All rights reserved. 

Kulier A et al. Circulation. 2007;116:471-479 



Anemia - conclusions 

High physiologic tolerance 

M&M increase if Hb <5-6gr% 

 Relative Hb decrease relevant 

 Preop anemia impacts on M&M 

 Less tolerance in coronary disease   

 Brain & kidney most at risk 



The Good, the Bad and 
the Ugly 

 Blood conservation 

 Anaemia & Blood Loss  

 Transfusion 
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…. hospital characteristics combined only explained 11.1% of the 

variation in hospital risk-adjusted RBC usage. Case mix explained 

20.1% of the variation between hospitals in RBC usage.  

 

 





Circulation 2007;116:2544-2552 



JAMA. 2010;304(14):1559-1567  



BMJ 2015;350:h1354  



NEJM 2015;372:997-1008  



 Anaemia &  transfusion 
independently associated 
with M&M 

 Restrictive Transfusion is 
safe and effective 

 ? strategies to 

 optimize haematopoiesis,  

 manipulate physiological 
responses,  

 minimize blood loss.  

 

 





Patient blood management (PBM) is a clinical, multi-
disciplinary approach to optimize the care of patients 
who may need a transfusion. It is the application of 
evidence-based medical and surgical concepts to 
achieve measurable improvements in patient safety 
and clinical outcomes. Secondary gains can include 
systemwide cost savings, shorter lengths of stay, and 
decreased readmissions. The goal is clear and the 
outcomes are significant, sitting squarely within the 
“Triple Aim.”  
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Heart surgery in Jehovah’s 
Witnesses in Breda  

Lessons learned 
1997-2004 

P.M.J. Rosseel *, B van der Meer *, M Bentala *, M Verduijn §, N 
Peek §, N.F. de Keizer §  

 

* Thoraxcenter Amphia Hospital Breda 

§ Klinische Informatiekunde AMC Amsterdam 



Outcome 

JW 

(n=116) 

Control 

(n=349) 
OR CI P 

Mortality % 

(n) 

 

2.6% 

(3) 

1.2% 

(4) 
2.28 0.5 – 10.4 0.285 

ELOS % (n) 12.1% (14) 11.8% (41) 1.03 0.5 – 2.0 0.934 

MACE % (n) 

 
15.3% (15) 

9.9% 

(29) 
1.65 0.9 - 3.2 0.142 



Transfusion characteristics  
JW Control P 

Transfused  % (n) 0% (0) 50.9% (5722) <0.0001 

Packed Cells % (n) 0% (0) 48.5% (5451) <0.0001 

FFP % (n) 0% (0) 16.8% (1887) <0.0001 

Trombocytes % (n) 0% (0) 14.6% (1636) <0.0001 

Blood loss 1st 12 h (ml) 587 ± 309 914 ± 650 <0.0001 

Resternotomy (%) 3.4% 8.8% 0.045 



Hemoglobin evolution 

.001 

.0001 
.0001 

.001 



Amphia 2005 situation 

 25-30% of Tx in cardiac surgery 

 7-9 % resternotomies = 150/y = 3/week 

 TX exposure = 65% of OHO  

 Avg transfusion exposure of all patients      
 = 4.2 IU/patient or 

 = 6.7 IU/transfused patient 

 PC = 250€, FFP= 250€, TC=500€ 

 € 80.000 / y platelets destroyed 



Effect of 
Anesthesiologist 

Blood-
management 

Anesthesiologist 
X 

Other Interval 

N % N % MIN MAX 

Cyclokapron / 
Aprotinine 128 94,1 1110 89,7 88,1% 94,1% 

Blood loss > 1000 
ml. 6 4,4 155 12,5 4,4% 16,3% 

Transfused 51 37,5 537 43,4 37,5% 45,6% 

Resternotomy 7 5,2 97 7,8 4,7% 9,3% 



Effect of 
Anesthesiologist 

Blood-
management 

Anesthesiologist 
X 

Other Interval 

N % N % MIN MAX 

Cyclokapron / 
Aprotinine 128 94,1 1110 89,7 88,1% 94,1% 

Blood loss > 1000 
ml. 6 4,4 155 12,5 4,4% 16,3% 

Transfused 51 37,5 537 43,4 37,5% 45,6% 

Resternotomy 7 5,2 97 7,8 4,7% 9,3% 



Effect of Surgeon 

Blood-
management 

Surgeon Y Other 
surgeons 

Interval 

N % N % MIN MAX 

Cyclokapron / 
Aprotinine 149 100,0 1089 89,0 51,6% 100,0% 

Blood loss > 1000 
ml. 9 6,0 152 12,4 6,0% 19,3% 

Transfused 53 35,6 535 43,7 35,6% 47,2% 

Resternotomy 2 1,3 102 8,3 1,3% 9,8% 
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How to improve 
Practice ? 

 Look for the 
evidence 

 Guidelines 

 Expert opinion 

 Look for your allies 

 Start by getting the 
basics right - KISS 

 Expect resistance & 
cope with it  





Blood conservation 
program – 4 pillars 

 Limit Blood loss  

 Blood salvage) 

 Decrease Hb trigger 

 Decrease logistical 
losses 

 



1. Preventing blood loss 

 Optimize preop anticoagulation 

 Meticulous surgical technique 

 Minimize cardiotomy suction 

 Antifibrinolytics 

 Avoiding excessive hemodilution 

 Avoid hypothermia 

 Standardized heparine/protamine use 

 Low Prime (MECC?) 

 Rapid resternotomy in case of major blood loss 



2. Recuperate blood loss 

 Cellsaver available in each OR  

 2 step approach 

 Team collaboration 

 

 



3. Rationalized prescription of  

transfusion products 

 
 Uniform & EB prescription of Tx : flexible 

transfusion trigger (4-5-6 FLEXNORM) 

 Take into account preoperative risk        
(EUROscore) 

 Motivated prescription mandatory 

 

 



4. Decrease logistic losses of  

local bloodbank 

 Decrease stocks in 
WE and at night 

 Postop Max. 
prescription of 1 IU 
PC, 2 IU FFP and 1 
IU TC 

 



Ann Thorac Surg 2007;83:S27– 86 



STS & SCA guidelines 
Class I recommendations 

 Identify High Risk Patients (1A) 

 Preop Hb and Plts count (1A) 

Use antifibrinolytics (1A) 

 Routine cell salvage (1A) 

Multimodality approach including 
algorhytm (1A) 

 

 



Class III interventions 

 Routine DDAVP 
 Routine PEEP 
 Plasmapheresis 
 Tx for Hb > 10 g/L 
 Direct reinfusion of shed blood 
 Leucocyte filters 
 Topical hemostatic agents based on bovine 

thrombin 
 Dipyridamol 



Clinical Practice 
Improvement Project: 

« Faster & Better » 

 Plan 

 Zero 
Measurement 

 TC wide project 

 Teamwork 

 Tight time 
schedule 

 

 



 Time 
schedule/constr
aint 

 Project 

 Teamwork 

 SMART 

Clinical Practice 
Improvement Project: 

« Faster & Better » 
 





Objectives of project 

 Reduction of average transfusion exposure in 
IU  transfusion products, taking into account 
the whole  perioperative period, with 50% 
within the given time  frame of 1 march – 30 
september 2006. 
 

 Increase the number of  “transfusion-free” 
patients, taking into account the whole  
perioperative period, with 50% within the 
given time  frame of 1 march – 30 september 
2006  
 

 Without worsening of mortality (SMR) and 
morbidity 

 

 



The Project – Il Buono 

Multi-disciplinary 

 EB Protocol  

 PERI-operative 

Motivation & 
sensibilisation 

 Implementation 

 Feedback 







Mortality 



Cost Benefit 

Net “profit » = € 241.259/y. 

 € 30.000 below best case  scenario 
(50% reduction) 



Conclusions 
 50% objective almost obtained 

 Reduction in Tx exposure & 
transfused patients 

More patients with less blood loss 

 Insignificant improvement in number 
of « bleeders « . 

No decrease in resternotomies 

 



Conclusions (2) 

 Nice cost benefit 

 Hb at discharge = 6,5 +/- 0,9 mmol/L 

 No increase in M&M.  

 Protocol deviations i.p. aprotinin 

 Bleeders difficult to predict 

 No coagulation monitoring 

 Anticipation on expected coagulation 
problems 

 

 
 



Encountered problems 

 Protocol; No reliable 
measurement of 
coagulation and 
platelet function 

 Psychological, 
sociological, group 
dynamics, fighting 
prejudices 





JCTVA 2010;24:814-816 



Remaining problems 

 CRM 

 Protocol compliance 

 Hb trigger still too high? 

 Individual behaviour 

 “Technical” 

 Microvascular bleeding 

 Coagulation 

 Flexnorm trigger not very effective 

 Preop anaemia !!! 

 

 

 

 



What happens then? 

 Surveillance 

Organical 

 team evolution 

 CP changes (Fluids, 

Cardioplegia) 

 Coagulation 
protocol 

 STS 2011 update 



Coagulation protocol 

 Introduced in 2009 

 ROTEM 

 Stat lab 

 Single Measurement 
post Protamin 

 Component therapy 
introduced in 
algorhytm 

 Central lab 2013 

 



Ann Thorac Surg 2007;83:S27-86 
 

Ann Thorac Surg 2011;91:944–82 



Shift of Evidence in 
2011   

 Aprotinine IA  IIIB 
 Upgrade of evidence 

 Increase preop RC mass (EPO) 
 Cell saver for rest prime 
 Minimize hemodilution (Mecc, INH, UF, Cell 

saver, Microplegia) 
 Use Topical hemostatic agents 
 Plasmapheresis may be useful IIa (A) 
 MUF as well in Adults 

 Amended 
 Plt P2Y12 receptor blockers (3 days=OK) 
 POC ADP non responder identification Multiplate 
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Additions in 2011 

 ASA + postop plt blockers  increase bleeding (exc recent DES) 
 EPO + iron ( EPO alone) 

 FFP or Cryo if serious bleeding and fractionated products 
unavailable 

 PPC for Coumadin reversal (FFP if insufficient level of Factor VII 
 FFP OK for massive bleeding 
 Profylactic FFP = IIIA 
 FFP IIIA for non bleeding Coumadin reversal 
 Factor XIII for clot stabilisation 
 Leucoreduction 
 AT III  for AT II heparin resistance IA 
 Factor IX concentrates 
 CS preferable to Tx in malignancy 
 TEVAR  vs open procedure 

 Microplegia 
 ECMO & HIT USE NON HEPARIN TROMBINE INHIBITORS 
 MECC 
 Vacuum assist venous drainage 
 Biocompatible ECC circuit 
 MUF IN ADULT 

 

It probably matters more how you do it 
than what you do  

+ multimodality (EB) strategies 
+ multidisciplinary approach 

+TQM 



Start 

PBMP 

Ban on 

aprotinin 

Coagulation 
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measurement 









Key Factors of CPI Process 

 Simple Process interventions work best  

 Bottom up approach – KISS 

 SMART Goals 

 Multimodality – Multidisciplinary -  
Perioperative effort 

 Ongoing Team effort 

 Surveillance 

 Human factors - CRM (Sociology, 
psychology, group dynamics and informal 
leaderschip) 





Conclusion 

 PBM  

 Effective in saving blood transfusion 

 Safe 

 Cost beneficial 

 Adequate response to scarcity of blood 

 Is an important CTVA determinant of global 
quality and outcome 

 BUT IT IS A TEAM EFFORT 

 



teşekkür ederim
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The Good, the Bad and 
the Ugly 

 Anaemia & Blood Loss  

 Transfusion 

 Patient Blood 
Management 



6 C’s of Team Working 

Cooperation 

Communicat
ion 

Coordinatio
n (leadership) 

Cognition 
(collective 
knowledge, 

shared 
understanding) 

Conflict 
resolution 

Coaching 
(CRM) 
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Teamwork @ at the cutting edge 
 
 

We know better what to do than to 
implement it effectively in daily practice 
...Team work may be the missing link  
Therefore EACTA 2012 choose teamwork between 
cardiothoracic surgeons, anesthesiologists, 
perfusionists and intensivists as the central theme 
for its Annual Meeting 2012 
These specialties will interact in a very 
interdisciplinary program, including several 
perfusionists . 
the meeting will end with a multidisciplinary 
debate around the teamwork theme 
We are inviting the European Perfusionist 
Community to participate in EACTA 2012 that will 
be held in Amsterdam from Wednesday 23d to 
Friday 25th May.  

See www.eacta.org for details 

 
 
 
 





Coefficient of variation and success rate for predicting critical 
DO2 during isovolemic hemodilution in rats 

Torres Filho, I. P. et al. 
Am J Physiol Heart Circ 

Physiol 288: H1071-
H1079 2005 



Transfusion algorithms 

 7 RCT tested transfusion algoritms 
w/ POC testing  

 6/7 reduced Tx or resternotomy rate 
irrespective of  

 Type of POC 

 Algorithm 



Pre-operative Hb and odds ratio 
for mortality in 1958 Jehovah’s 
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Carson JL, Duff A, Poses 
RM, et al. Effect of 
anaemia and 
cardiovascular disease on 
surgical mortaliy and 
morbidity. Lancet 
1996:348:1055-60. 

Does anemia 
by itself 
change the 
outcome of 
severely ill 
patients? 

No differences in pts without cardiovascular disease 

Differences in pts with cardiovascular disease 

Cardiovascular disease was  
defined as a history of  

angina,  
myocardial infarction,  

congestive heart failure, 
or peripheral vascular  

disease. 

 



AND IF THE HB IS VERY 
LOW…… 
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ACC/AHA classifcation  
on Practice Guidelines  

 Classification of Recommendations 
 Class I:    Evidence and/or general agreement of usefulness 

and efficacy .  
 Class II:   Conflicting evidence and/or a divergence of opinion 

about the usefulness/efficacy .   
 IIa. Weight of evidence/opinion is in favor  
 IIb. Usefulness/efficacy is less well established.  

 Class III: Evidence and/or general agreement that the 
treatment is not useful/effective, and in some cases may be 
harmful. 
 

 Level of Evidence  

 Level  A    Data derived from multiple randomized clinical trials 
 Level  B    Data derived from a single randomized trial, or non-

randomized studies 
 Level  C   Consensus opinion of experts 







Cardiosurgical Population Amphia 
Hospital 2006-09  

N=5576 
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ME Murphy. Transfusion 47S; 2007. 

Transfusion algorhytm 





Ferraris, 1995, Texas Heart Inst J 

20% of patients consume 80% of blood products 







Intra-operative Anaemia in 
cardiac surgery  

 Breda 1997-
2013 

 All consecutive 
cardiac surgery 

 Anaemia Hb< 
8g/dl 

 Part I: JW vs 
non JW 

 Part II: Single 
IU RBC Non JW 
vs no Tx 



A&A 2007;104:755-56 



JAMA, 2010;304:1610-11  
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Lancet, October 2006 

 



 
 Torres Filho, I. P. et al. 
 Am J Physiol Heart Circ Physiol  

2005;288: H1071-H1079 



• cardiac surgery, n=11,508 (2001-
2011) 

• Composite endpoint (mortality, 
stroke, myocardial infarction, and 
renal failure. 
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 adverse outcome associated with 

 Hb< 7 g/dL 

 a decrease of > 50% irrespective of 
absolute Hb > of 7.0 g/dL. 

 Transfusions advantageous if Hb < 7 

 Transfusion October 2014 

 



Incidence of postoperative adverse events for all patients vs preoperative hemoglobin level.  

Kulier A et al. Circulation. 2007;116:471-479 

Copyright © American Heart Association, Inc. All rights reserved. 



Ann Thorac Surg 2013;96:478–85  

Crude Mortality 



Ann Thorac Surg 2013;96:478–85  

Adjusted Mortality 
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Hebert NEJM, 
1999;340: 

409 
 



Circulation 2007;116:2544-2552 













JAMA. 2010;304(14):1559-1567  



JAMA. 2010;304(14):1559-1567  



JAMA. 2010;304(14):1559-1567  



BMJ 2015;350:h1354  
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 Septic shock & Anaemia < 9 g% 

 1 IU RBC  

 if Hb < 7 g% 

 If Hb <9 gr%  

 Primary outcome 90 days mortality 

 N= 998 (99.3%randomized) 

 Similar baseline characteristics.  

 Lower-threshold  1 IU RBC (IQR 0-3) 

 High-threshold  4IU RBC (IQR 2-7) 

 
TRISS group, NEJM, 2014; 371 

 



ANESTHESIOLOGY 2015; 122:29-38  



ANESTHESIOLOGY 2015; 122:29-38  



ANESTHESIOLOGY 2015; 122:29-38  



NEJM 2015;372:997-1008  



NEJM 2015;372:997-1008  



NEJM 2015;372:997-1008  



Ann Thorac Surg 2014;97:514–21  

All patients, 

adjusted 
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Preop Hb matched 

patients, adjusted 
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Preop Propensity 

matched patients, 

adjusted 
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Business case 

 Increase in cost 
 Antifibrinolytics 

 Cell saver 
 New device 

 exploitation 

 Project cost 

 Analysis 

 savings 
 Bloodtransfusion products 

 Not taken into account; other savings e.g. 
Hospitalisation duration , complications, 
etc 



Wang, Bainbridge; Anesth Analg 2009;109:320–30 



Transfusion 2002 

• Retrospective Cohort study  (1981-1994) 

• Jehova Witnesses,  

• Surgical patients, no cardiac 

• n=2083  n=300 with Hb<8gr% 

 



 Conclusions 

 If Hb 7-8% =No mortality but morbidity in 
9.4% 

 Dramatical M&M if Hb <5-6 gr% 

 Corrected for age, CV disease, Apache II  

OR death 2.5 / gr decrease below 8 gr% 


