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Liens	  

•  Travaille	  depuis	  de	  nombreuses	  années	  avec	  le	  LFB	  	  
•  Hemosims	  Chirurgie	  Cardiaque	  
•  Etude	  FibCard	  	  
•  Autres	  projets	  	  



Le	  saignement	  en	  chirurgie	  cardiaque	  

•  Entre	  30	  et	  50	  %	  des	  transfusion	  de	  PSL	  peuvent	  être	  
considérées	  comme	  inappropriées	  
– Excès	  de	  transfusion	  
– Déficit	  de	  transfusion	  	  ?	  	  

•  Il	  existe	  des	  recommandaUons	  internaUonales	  pour	  la	  gesUon	  
du	  saignement/transfusion	  en	  chirurgie	  cardiaque	  
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Indications for red blood cell transfusion in cardiac surgery: 
a systematic review and meta-analysis
Nishith N Patel, Vassilios S Avlonitis, Hayley E Jones, Barnaby C Reeves, Jonathan A C Sterne, Gavin J Murphy

Summary
Background Good blood management is an important determinant of outcome in cardiac surgery. Guidelines recommend 
restrictive red blood cell transfusion. Our objective was to systematically review the evidence from randomised controlled 
trials and observational studies that are used to inform transfusion decisions in adult cardiac surgery.

Methods We did a systematic review by searching PubMed, Embase, Cochrane Library, and DARE, from inception to 
May 1, 2015, databases from specialist societies, and bibliographies of included studies and recent relevant review 
articles. We included randomised controlled trials that assessed the e! ect of liberal versus restrictive red blood cell 
transfusion in patients undergoing cardiac and non-cardiac surgery, and observational studies that assessed the e! ect of 
red blood cell transfusion compared with no transfusion on outcomes in adult cardiac patients after surgery. We pooled 
adjusted odds ratios using fi xed-e! ects and random-e! ects meta-analyses. The primary outcome was 30-day mortality.

Findings We included data from six cardiac surgical randomised controlled trials (3352 patients), 19 non-cardiac 
surgical trials (8361 patients), and 39 observational studies (232 806 patients). The pooled fi xed e! ects mortality odds 
ratios comp aring liberal versus restrictive transfusion thresholds was 0·70 (95% CI 0·49–1·02; p=0·060) for cardiac 
surgical trials and 1·10 (95% CI 0·96–1·27; p=0·16) for trials in settings other than cardiac surgery. By contrast, 
observational cohort studies in cardiac surgery showed that red blood cell transfusion compared with no transfusion 
was associated with substantially higher mortality (random e! ects odds ratio 2·72, 95% CI 2·11–3·49; p<0·0001) and 
other morbidity, although with substantial heterogeneity and small study e! ects.

Interpretation Evidence from randomised controlled trials in cardiac surgery refutes fi ndings from observational 
studies that liberal thresholds for red blood cell transfusion are associated with a substantially increased risk of 
mortality and morbidity. Observational studies and trials in non-cardiac surgery should not be used to inform 
treatment decisions or guidelines for patients having cardiac surgery.

Funding None.

Introduction
The aim of perioperative red blood cell transfusion in 
cardiac surgery is to improve or preserve oxygen delivery 
in patients with blood loss and anaemia. The decision to 
transfuse is complicated by several factors; severe 
anaemia and excessive blood loss are common,1,2 and 
patients with cardiovascular disease have di! erent 
transfusion requirements to other patient groups.3 Trans-
fusion decisions in cardiac surgery are most commonly 
based on the severity of perioperative anaemia: guidelines 
recommend (grade C recom mendation) highly restrictive 
transfusion thresholds with haemoglobin concentrations 
of 60–70 g/L.4,5 These thresholds are largely based on the 
results of randomised controlled trials6–8 of non-cardiac 
surgery patients that suggest equivalence for restrictive 
transfusion threshold. They are also informed by 
evidence from observational studies9–11 showing strong 
associations between the reversal of severe anaemia by 
red blood cell transfusion and adverse clinical outcomes, 
such as death, acute lung injury, acute kidney injury, 
stroke, myocardial infarction, sepsis, and surgical site 
infections.

Red blood cell transfusion has important morbidity. 
Haemolytic transfusion reactions and transfusion-

associated lung injury account for many deaths per year12 
but a causal relationship has yet to be established 
between red blood cell transfusion and the adverse 
outcomes suggested by observational analyses. Severe 
anaemia, the main indication for transfusion, is an 
important predictor of adverse outcomes in patients 
undergoing cardiac surgery, who are probably already at 
the limits of their physiological reserve.2,11 Clinical 
uncertainty as to the appropriate indications for 
transfusion is shown by wide variations in the number of 
transfusions  done in cardiac surgery; ranging from 25% 
to 95% between hospitals according to cross-sectional 
studies.13

We systematically reviewed and critically assessed the 
evidence from randomised controlled trials and 
observational studies that are used to inform transfusion 
guidelines in cardiac surgery, to provide evidence to 
support clinical transfusion decisions and to inform the 
design of studies of appropriate transfusion indicators.

Methods
Study design and systematic review
A protocol was developed (appendix pp 21–28) that was 
restricted to randomised controlled trials and 

See Online for appendix
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estimates across studies. We did subgroup analyses by 
sample size, country, statistical adjustments, year of 
enrolment of fi rst patient, and number of transfused 
units of red blood cells. We did the analyses with MIX 
(version 2.019)19 and Stata (version 10.0).

Role of the funding source
There was no funding source for this study. All authors 
had full access to all the data in the study and had the 
fi nal responsibility for the decision to submit for 
publication.

Results
We included six cardiac surgical randomised controlled 
trials (3352 patients),20–25 19 non-cardiac surgical 
randomised controlled trials (8361 patients),3,6–8,26–40 and 
39 cardiac surgical observational studies (232 806 patients; 
fi gure 1).9–11,41–76 All cardiac surgical randomised controlled 
trials compared restrictive with liberal red blood cell 
transfusion (appendix pp 2–6). Four trials included only 
low-risk surgical patients undergoing elective cardiac or 
coronary surgery and thus excluded patients at highest 
risk of requiring red blood vell transfusion. Only two 
trials included high-risk patients defi ned by a CARE 
score greater than 320 or including all patients except 
those undergoing emergency procedures.25 One trial 
used non-leucodepleted red blood cells21 and another 
used leucodepleted red blood cells.25 The other trials did 
not specify the leucodepletion status. All cardiac surgical 
randomised controlled trials recruited patients with 
active cardiac disease. There was no signifi cant di! erence 
in postoperative bleeding between groups (appendix p 7). 
The median number of red blood cell units transfused 
per patient ranged from one to three.

All non-cardiac surgical randomised controlled trials 
compared restrictive with liberal red blood cell 
transfusion. Five trials assessed outcomes in orthopaedic 
patients, fi ve in critical care patients, three in paediatric 
patients, two in patients with myocardial infarction, two 
in patients with upper gastrointestinal haemorrhage, and 
one each in patients admitted because of trauma or 
needing vascular surgery. Nine trials transfused 
leucodepleted red blood cells. Two randomised controlled 
trials26,28 exclusively recruited patients with active cardiac 
disease (myocardial infarction).

Among the observational studies, 21 cohort studies and 
18 case-control studies met the inclusion criteria. 35 were 
retrospective studies that extracted baseline and outcome 
data from databases of routinely collected patient 
information. In general, observational studies included 
all patients undergoing cardiac surgery, including those 
requiring urgent or emergent surgery, impaired left 
ventricle function, preoperative anaemia or organ 
dysfunction, repeat surgery, and massive blood loss. All 
observational studies compared patients who did and did 
not receive red blood cell transfusion. Only one study47 
stated that all red blood cells administered to participants 

were leucodepleted. Only 12 studies reported numbers of 
red blood cell units transfused: the median number per 
patient ranged from three to eight.

Appendix p 8 shows the risk of bias assessment of all 
randomised controlled trials. 18 of 25 studies reported 
adequate methods of random sequence generation and 
15 studies reported adequate methods of allocation 
concealment. Most studies did not clearly report masking 
of participants and masking of outcome assessment. The 
reporting and handling of missing data was detailed for 
22 studies. Three cardiac surgical studies explicitly 
reported adherence to a transfusion protocol. The two 
largest cardiac surgical randomised controlled trials21,25 
were judged to be low risk for all elements of the risk of 
bias tool apart from reporting of adherence, which was 
poorly described in one trial.21

With regard to cohort studies, 14 (67%) of 21 studies 
were of high quality (NOS score >6; appendix p 9). All 
observational studies adjusted for common risk factors 
associated with mortality following cardiac surgery. 
However, 19 of 21 cohort studies either completely or 
partly failed to adjust for important confounders related 
to transfusion and mortality. These include the severity 
of preoperative anaemia (11 studies), intraoperative 
anaemia (13 studies), and bleeding (16 studies). 14 (78%) 
of 18 case-controlled studies were of high quality 
(appendix p 9). However, none adjusted for at least one of 
the following potential confounders in their analyses: the 
severity of preoperative anaemia (14 studies), intra-
operative anaemia (16 studies), or bleeding (12 studies; 
appendix p 9). None of the observational studies 
attempted to adjust for potential lead-time bias.

36 excluded
8 comparison of RBC storage duration
1 comparison of LD vs non-LD RBC transfusion

21 only biochemical outcomes reported
3 only long-term mortality reported
1 control group consisted of autologous transfusion
1 numerical data not provided
1 outcome reported as per mL of RBC transfusion

4655 review articles, trial reports, or not studies of RBC
transfusion in adult patients undergoing cardiac surgery

4755 records identified from literature search, after 
 duplicates removed, screened on basis of title 
 and abstract

100 full text articles assessed for eligibility

64 studies included in meta-analysis
6 cardiac surgical RCTs

19 non-cardiac surgical RCTs
39 observational studies 

 Figure !: Study selection
RBC=red blood cell. RCT=randomised controlled trial. LD=leucodepletion.
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Based on the results of fi ve  cardiac surgical randomised 
controlled trials (a sixth trial did not report mortality), the 
pooled mortality OR for liberal versus restrictive 
transfusion thresholds was 0·70 (95% CI 0·49–1·02; 
p=0·060). There was no evidence of between-study 
heterogeneity (I!=0%; fi gure 2, table 1).

Based on the results of 19 randomised controlled 
trials of non-cardiac surgical patients, the pooled 
mortality OR for liberal versus restrictive transfusion 
thresholds was 1·10 (95% CI 0·96–1·27; p=0·16). There 
was some evidence of between study heterogeneity 
(I!=30%; fi gure 2, table 1). After combining all trials 
(cardiac and non-cardiac surgical) there was no 
evidence that the risk of mortality di" ered between 
patients assigned to liberal or to restrictive transfusion 
strategies (random e" ects OR 1·00, 95% CI 0·82–1·21; 
p=0·97; fi gure 2).

To test the hypothesis that liberal transfusion 
thresholds benefi t patients with active cardiac disease, 
we did a post-hoc subgroup analysis of randomised 
controlled trials stratifi ed by active cardiac disease. Based 
on a meta-analysis of seven trials in patients with active 
cardiac disease (fi ve cardiac surgical trials and two trials 
recruiting patients with myocardial infarction), there was 
evidence that liberal red blood cell transfusion reduced 
mortality compared with restrictive transfusion strategies 
(OR 0·67, 95% CI 0·47–0·95; p=0·026). There was little 
evidence of between study heterogeneity (I!=2%; 
appendix p 11). By contrast, meta-analysis of 
12 randomised controlled trials recruiting patients with 
stable cardiac disease or no cardiac disease provided 
evidence that liberal red blood cell transfusion 
signifi cantly increased mortality compared with 
restrictive transfusion strategies (OR 1·17, 95% CI 

Figure !: Mortality in randomised controlled trials stratifi ed by patient population 
Grey squares indicate weighting.

Cardiac surgery
Murphy (2015)25

Shehata (2012)20

Hajjar (2010)21

Murphy (2007)24

Bracey (1999)23

Fixed e!ects (I2=0%, p for heterogeneity=0·455)
Random e!ects

Non-cardiac surgery
de Almeida (2015)39
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Colomo (2008)31

Bush (1997)37

Fixed e!ects (I2=30%, p for heterogeneity=0·109)
Random e!ects

Heterogeneity between cardiac and non-cardiac groups: p=0·024
Overall fixed e!ects (I2=33%, p for heterogeneity=0·060)
Overall random e!ects

Patient group

Critical care
Critical care
Critical care
Critical care
Critical care
Coronary artery disease
Coronary artery disease
Orthopaedics
Orthopaedics
Orthopaedics
Orthopaedics
Orthopaedics
Paediatrics
Paediatrics
Paediatrics
Trauma
Upper gastrointestinal haemorrhage
Upper gastrointestinal haemorrhage
Vascular surgery

Odds ratio 
(95% CI)

0·61 (0·37–1·00)
0·22 (0·02–2·10)
0·85 (0·39–1·81)
0·70 (0·26–1·89)
1·96 (0·48–7·95)
0·70 (0·49–1·02)
0·70 (0·49–1·02)

0·32 (0·14–0·77)
1·08 (0·84–1·39)
1·62 (0·73–3·59)
1·02 (0·62–1·68)
1·33 (0·95–1·85)
0·12 (0·01–1·05)
0·55 (0·05–6·54)
1·23 (0·81–1·86)
1·97 (0·18–21·88)
0·08 (0·00–1·54)
3·03 (0·12–75·14)
1·00 (0·06–16·53)
1·01 (0·47–2·15)
0·78 (0·49–1·24)
0·47 (0·04–5·36)
0·86 (0·33–2·22)
1·86 (1·10–3·15)
1·56 (0·71–3·45)
1·02 (0·24–4·34)
1·10 (0·96–1·27)
1·07 (0·88–1·31)

1·04 (0·92–1·19)
1·00 (0·82–1·21)

% weight
(fixed e!ects)

 6·82
 0·33
 2·89
 1·72
 0·86
 12·61

..

 2·26
 26·95
 2·65
 6·78
 15·08
 0·37
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1·01–1·36; p=0·041). There was moderate heterogeneity 
between studies (I!=28%). A meta-regression showed a 
signifi cant reduction in mortality associated with liberal 
transfusion in trials recruiting patients with compared to 
without active cardiac disease (ratio of ORs 0·57, 95% CI 
0·36–0·91; p=0·021).

Based on a random-e" ects meta-analysis of results from 
16 observational cohort studies in cardiac surgery patients, 
red blood cell transfusion was associated on average with a 
substantial increase in mortality compared with no 
transfusion (random e" ects OR 2·72, 95% CI 2·11–3·49; 
p<0·0001; fi gure 3, table 1). There was substantial 
heterogeneity between results of cohort studies (I!=93%), 
and smaller observational studies tended to estimate the 
adverse e" ect of red blood cell transfusion to be greater 
than did larger studies (Egger test p=0·020, appendix p 12), 
for which reason the fi xed-e" ects estimate of the 
association between red blood cell transfusion and 
mortality was substantially attenuated (OR 1·63, 95% CI 
1·56–1·70; p<0·0001), compared with the random-e" ects 
estimate.77 There was substantial heterogeneity (I!=98%) 
between the associations estimated in three case-control 
studies. The association of red blood cell transfusion with 
mortality was signifi cantly higher in cohort studies than 
was the e" ect of liberal compared with restrictive 

transfusion estimated in cardiac surgical randomised 
controlled trials (ratio of ORs 3·11, 95% CI 1·87–5·19; 
p<0·0001).

Among the six cardiac surgical randomised controlled 
trials, there was no evidence that liberal red blood cell 
transfusion led to increased pulmonary morbidity 
compared with restrictive transfusion. We detected no 
evidence of heterogeneity between studies (table 1, 
appendix p 13). Similarly, seven randomised controlled 
trials in non-cardiac surgical patients suggested that 
liberal red blood cell transfusion did not increase 
pulmonary morbidity compared with restrictive 
transfusion (table 1). By contrast, random-e" ects meta-
analysis of results from seven observational studies 
suggested that, on average, red blood cell transfusion 
was associated with a substantial increase in pulmonary 
morbidity with evidence of signifi cant heterogeneity 
between results (table 1).

We found no evidence from cardiac surgical 
randomised controlled trials that liberal transfusion 
increased the likelihood of acute kidney injury or 
infectious morbidity compared with restrictive 
transfusion, and no evidence of heterogeneity between 
studies (table 1; appendix pp 14–15). There were no 
di" erences seen between transfusion strategies in 

Number of 
studies

Number of 
patients

Fixed e! ects odds 
ratio (95% CI)

Fixed e! ects 
p value

Random e! ects odds 
ratio (95% CI)

Random e! ects 
p value

I" (%) Heterogeneity 
p value

Egger test 
p value

Mortality

Cardiac surgical RCT 5 3304 0·70 (0·49–1·02) 0·060 0·70 (0·49–1·02) 0·060 0 0·46 0·80

Non-cardiac surgical RCT 19 8341 1·10 (0·96–1·27) 0·16 1·07 (0·88–1·31) 0·49 30 0·11 0·41

Observational 19 138 357 1·48 (1·42–1·53) <0·0001 2·84 (2·23–3·61) <0·0001 96 <0·0001 0·020

Pulmonary

Cardiac surgical RCT 6 3357 0·94 (0·76–1·17) 0·58 0·94 (0·76–1·17) 0·58 0 0·51 0·66

Non-cardiac surgical RCT 7 4944 1·15 (0·95–1·40) 0·14 1·15 (0·91–1·44) 0·25 18 0·30 0·90

Observational 7 43431 1·68 (1·63–1·74) <0·0001 2·02 (1·48–2·75) <0·0001 97 <0·0001 0·74

Acute kidney injury

Cardiac surgical RCT 5 3304 0·86 (0·68–1·09) 0·22 0·86 (0·68–1·09) 0·22 0 0·83 0·75

Non-cardiac surgical RCT 2 1119 1·27 (0·95–1·69) 0·10 1·27 (0·95–1·69) 0·10 0 0·73 ··

Observational 14 59 003 1·73 (1·65–1·83) <0·0001 3·06 (2·10–4·46) <0·0001 97 <0·0001 0·075

Infection

Cardiac surgical RCT 4 2802 0·97 (0·79–1·19) 0·75 0·97 (0·79–1·19) 0·75 0 0·69 0·21

Non-cardiac surgical RCT 11 6225 1·16 (0·99–1·37) 0·065 1·16 (0·99–1·37) 0·065 0 0·45 0·48

Observational 11 88 025 1·81 (1·73–1·89) <0·0001 2·30 (1·85–2·86) <0·0001 73 <0·0001 0·037

Myocardial infarction

Cardiac surgical RCT 1 2003 1·34 (0·30- 6·02) 0·70 1·34 (0·30- 6·02) 0·70 ·· ·· ··

Non-cardiac surgical RCT 10 5539 0·79 (0·58–1·09) 0·15 0·88 (0·56–1·37) 0·57 26 0·21 0·11

Observational 8 35 763 1·55 (1·48–1·62) <0·0001 1·95 (1·45–2·61) <0·0001 89 <0·0001 0·38

Cerebrovascular accident

Cardiac surgical RCT 1 2003 1·14 (0·57–2·30) 0·71 1·14 (0·57- 2·30) 0·71 ·· ·· ··

Non-cardiac surgical RCT 8 3648 1·53 (0·83–2·83) 0·18 1·53 (0·83–2·83) 0·18 0 0·71 0·35

Observational 7 43 649 1·41 (1·34–1·48) <0·0001 2·03 (1·42–2·92) <0·0001 80 <0·0001 0·080

RCT=randomised controlled trial.  

 Table !: E! ects of red blood cell transfusion by outcome
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Transfusion	  inappropriée	  de	  CGR	  en	  chirurgie	  
cardiaque	  	  

•  PaUent	  ayant	  une	  Hb	  stable	  <	  7	  g/dL	  ?	  
•  PaUent	  ayant	  une	  Hb	  stable	  <	  7-‐9	  g/dL	  ET	  des	  signes	  de	  
mauvaise	  tolérance	  de	  l’anémie	  
– Quels	  signes	  de	  mauvaise	  tolérance	  de	  l’anémie	  uUlisez-‐vous	  ?	  	  

•  PaUent	  ayant	  une	  Hb	  >	  9	  g/dL	  après	  une	  transfusion	  de	  CGR	  
•  A	  l’échelle	  d’un	  service	  un	  pourcentage	  de	  paUents	  transfusés	  
en	  CGR	  >	  50	  %	  doit	  faire	  réfléchir	  aux	  praUques	  
transfusionnelles	  
– Analyse	  annuelle	  des	  praUques	  transfusionnelles	  ?	  	  



Transfusion	  inappropriée	  d’autre	  PSL/PDS	  en	  
chirurgie	  cardiaque	  ?	  

•  Dans	  l’étude	  de	  Mazer	  et	  al	  (NEJM	  2017)	  
– Plasma	  25	  %	  
– C	  Plaquehaires	  30	  %	  
– Cryoprécipité	  (C	  Fibrinogène	  11	  %)	  
– CCP	  3	  %	  	  

•  Critères	  transfusionnels	  moins	  bien	  définis	  que	  pour	  les	  CGR	  



Transfusion	  inappropriée	  d’autre	  PSL/PDS	  en	  
chirurgie	  cardiaque	  ?	  

•  Dans	  KarkouU	  et	  al.	  2016	  	  
•  CGR:	  45	  %	  
•  PFC:	  22	  %	  
•  C	  plaquehaires	  25	  %	  	  
•  Cryo	  	  5.3%	  .	  	  
•  C	  Fibriongène	  1	  %	  	  
•  CCP	  1.1%	  
•  FVII	  0.8	  %	  	  

CirculaUon.	  2016;134:1152–1162	  



Quid	  pour	  les	  concentrés	  de	  fibrinogène	  ?	  	  
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Sibylle A. Kozek-Langenecker, Aamer B. Ahmed, Arash Afshari, Pierre Albaladejo, Cesar Aldecoa,
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Jens Meier, Zsolt L. Molnar, Niels Rahe-Meyer, Charles M. Samama, Jakob Stensballe,

Philippe J.F. Van der Linden, Anne J. Wikkelsø, Patrick Wouters, Piet Wyffels and Kai Zacharowski

The management of perioperative bleeding involves
multiple assessments and strategies to ensure appropriate
patient care. Initially, it is important to identify those
patients with an increased risk of perioperative bleeding.
Next, strategies should be employed to correct preopera-
tive anaemia and to stabilise macrocirculation and micro-
circulation to optimise the patient’s tolerance to bleeding.
Finally, targeted interventions should be used to reduce
intraoperative and postoperative bleeding, and so prevent
subsequent morbidity and mortality. The objective of these
updated guidelines is to provide healthcare professionals
with an overview of the most recent evidence to help
ensure improved clinical management of patients. For this

update, electronic databases were searched without
language restrictions from 2011 or 2012 (depending on
the search) until 2015. These searches produced 18334
articles. All articles were assessed and the existing 2013
guidelines were revised to take account of new evidence.
This update includes revisions to existing recommen-
dations with respect to the wording, or changes in the
grade of recommendation, and also the addition of new
recommendations. The final draft guideline was posted on
the European Society of Anaesthesiology website for four
weeks for review. All comments were collated and the
guidelines were amended as appropriate. This publication
reflects the output of this work.

Eur J Anaesthesiol 2017; 34:332–395
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Limites	  des	  recommandaUons	  pour	  la	  praUque	  
clinique	  

•  Beaucoup	  de	  domaines	  de	  la	  praUque	  clinique	  ne	  sont	  pas	  couverts	  par	  les	  recommandaUons	  
•  Les	  recommandaUons	  ne	  sont	  pas	  lues/suivies	  

–  Anglais,	  trop	  longues,	  pas	  assez	  claires…	  	  
•  Si	  elles	  sont	  lues	  elles	  ne	  sont	  pas	  simples	  à	  comprendre	  

–  Parfois	  contradictoires	  dans	  le	  temps	  ou	  entre	  les	  conUnents	  
•  Laissent	  un	  champ	  très	  important	  au	  «	  raisonnement	  clinique	  »	  

–  Non	  explicite	  	  
•  Ne	  sont	  pas	  toujours	  applicables	  

–  Absence	  de	  moyens	  
–  Faisabilité	  limitée…	  

•  Globalement,	  quelle	  que	  soit	  la	  spécialité/le	  domaine,	  la	  plupart	  des	  recommandaUons	  sont	  
peu/pas	  appliquées….	  	  
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1.6.1. Storage lesions
We recommend that RBCs should be transfused accord-
ing to the first-in, first-out method in the blood services to
minimise wastage of erythrocytes. 1A

1.6.2. Cell salvage
We recommend the use of red cell salvage which is
helpful for blood conservation in major cardiac and
orthopaedic surgery. 1B

We recommend against the routine use of intraoperative
platelet-rich plasmapheresis for blood conservation
during cardiac operations using cardiopulmonary bypass
(CPB). 1B

We recommend that cell salvage is not contraindicated in
bowel surgery, provided that the initial evacuation of
soiled abdominal contents is undertaken, additional cell
washing is performed and broad-spectrum antibiotics are
used. 1C

We suggest that cell salvage is not contraindicated in
cancer surgery, provided that blood aspiration close to the
tumour site is avoided and leukodepletion filters are
used. 2C

1.6.3. Plasma and platelet transfusion
We recommend against the use of plasma transfusion for
pre-procedural correction of mild-to-moderately elevated
INR. 1C

We recommend early and targeted treatment of coagu-
lation factor deficiencies in the plasma. Sources of coagu-
lation factors are coagulation factor concentrates,
cryoprecipitate or high volumes of plasma, depending
on the clinical situation, type of bleeding, type of
deficiency and resources provided. 1B

In the treatment of acquired coagulation factor
deficiency, we suggest the consideration of a ratio-driven
protocol (RBC : plasma : platelet concentrates) early in
uncontrolled massive bleeding outside the trauma
setting followed by a goal-directed approach as soon as
possible. 2C

We suggest coagulation factor concentrates for the
primary treatment of acquired coagulation factor
deficiency due to their high efficacy and their minimal
infectiousness. 2C

We recommend against indiscriminate use of plasma
transfusion in perioperative bleeding management. 1C

We suggest platelet concentrate transfusion in bleeding
situations clearly related to antiplatelet drugs or throm-
bocytopaenia less than 50! 109 l"1. 2C

1.7. General coagulation management
Fibrinogen concentration of less than 1.5 to 2 g l"1 is
considered as hypofibrinogenaemia in acquired coagulo-
pathy and is associated with increased bleeding risk. C

We recommend treatment of hypofibrinogenaemia in
bleeding patients. 1C

We suggest an initial fibrinogen concentrate dose of 25 to
50mgkg"1. 2C

In cases wherein fibrinogen concentrate is not available
we suggest cryoprecipitate at an initial dose of 4 to 6 ml
kg"1. 2C

Plasma transfusion alone is not sufficient to correct hypo-
fibrinogenaemia. C

In cases of bleeding and low factor XIII activity (e.g.
<30%) we suggest administration of factor XIII concen-
trate (30 IU kg"1). 2C

In severe perioperative bleeding we recommend that
patients on vitamin K antagonists (VKAs) should be given
prothrombin complex concentrate (PCC) and intrave-
nous vitamin K before any other coagulation manage-
ment steps. 1B

Prolonged INR/prothrombin time (PT) or VHA clotting
times alone are not an indication for PCC in bleeding
patients not on oral anticoagulant therapy. C

We recommend against the prophylactic use of recombi-
nant activated factor VII (rFVIIa) due to increased risk of
fatal thrombosis. 1B

We suggest that off-label administration of rFVIIa can be
considered for life-threatening bleeding which cannot be
stopped by conventional, surgical or interventional radio-
logical means and/or when comprehensive coagulation
therapy fails. 2C

We recommend tranexamic acid to prevent bleeding
during major surgery and/or treat bleeding due to (or
at least suspected) hyperfibrinolysis (e.g. a dose of 20 to
25mgkg"1). 1B

We suggest the use of desmopressin (DDAVP) under
specific conditions [acquired von Willebrand syndrome
(VWS)]. 2C

Based on the current literature there is no evidence to
recommend antithrombin supplementation in elective
surgical patients while they are bleeding.

We recommend structured staff education and training.
1C

1.7.1. Correction of confounding factors
We recommendmaintaining perioperative normothermia
because it reduces blood loss and transfusion require-
ments. 1B

We recommend that pH correction should be pursued
during treatment of acidotic coagulopathy, although pH
correction alone cannot immediately correct acidosis-
induced coagulopathy. 1C
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Traitement	  de	  l’hypofibrinogénémie	  acquise	  
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Si	  saignement	  
	  
CF:	  25-‐50	  mg/kg	  
	  
	  
Les	  PFC	  ne	  suffisent	  pas	  	  pour	  
corriger	  une	  hypofibrinogénémie	  
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La	  suite	  de	  la	  lecture….	  

•  Prescrire	  des	  concentrés	  de	  Fg	  (CF)	  si	  saignement	  significaUf	  
accompagné	  au	  moins	  par	  une	  suspicion	  de	  diminuUon	  de	  la	  
concentraUon	  plasmaUque	  de	  Fg	  ou	  de	  la	  foncUon	  (1C)	  
– Saignement	  significaUf:	  	  «	  épidémiologique	  »,	  a	  posteriori	  
– Saignement	  «	  significaUf	  »	  en	  praUque	  clinique	  

•  En	  temps	  réel,	  anUcipaUon,	  gesUon	  de	  l’incerUtude,	  délais	  liés	  au	  monitorage,	  risque	  
mulUples	  concomitants	  (hypovolémie,	  hémodiluUon,	  saignement,	  etc.)	  

Eur	  J	  Anaesthesiol	  2017;	  34:332–395	  



La	  définiUon	  du	  saignement	  significaUf	  en	  
chirurgie	  cardiaque	  ?	  

La	  vision	  épidémiologique	  
	  



Universal definition of perioperative bleeding in adult cardiac
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Objectives: Perioperative bleeding is common among patients undergoing cardiac surgery; however, the
definition of perioperative bleeding is variable and lacks standardization. We propose a universal definition
for perioperative bleeding (UDPB) in adult cardiac surgery in an attempt to precisely describe and quantify
bleeding and to facilitate future investigation into this difficult clinical problem.

Methods: The multidisciplinary International Initiative on Haemostasis Management in Cardiac Surgery
identified a common definition of perioperative bleeding as an unmet need. The functionality and usefulness
of the UDPB for clinical research was then tested using a large single-center, nonselected, cardiac surgical
database.

Results: A multistaged definition for perioperative bleeding was created based on easily measured clinical end
points, including total blood loss from chest tubes within 12 hours, allogeneic blood products transfused, surgi-
cal reexploration including cardiac tamponade, delayed sternal closure, and the need for salvage treatment.
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Suite	  de	  la	  lecture….	  	  
•  Saignement	  significaUf	  ne	  veut	  rien	  dire	  

–  Volume/unité	  de	  temps	  ?	  
–  «	  ImpaUence	  »	  du	  chirurgien	  ?	  
–  Conséquences	  ?	  	  

•  HémodiluUon	  (Hb,	  facteurs	  de	  coagulaUon),	  	  volémie,	  besoins	  transfusionnels	  

–  Dans	  les	  définiUons	  internaUonales	  

•  Saignement	  modéré	  (classe	  2)	  >	  800	  ml/12	  
•  	  Saignement	  sévère	  (classe	  3)	  >	  1000/12	  h	  
•  Saignement	  massif	  (classe	  4)	  >	  2000	  ml/12h	  	  
•  Le	  saignement	  catastrophe	  (1000	  ml	  /1h	  n’est	  pas	  pris	  en	  compte…..	  
•  Dès	  saignement	  modéré	  et	  transfusion	  «	  banale	  »	  le	  risque	  de	  complicaUons	  augmente.	  	  

Dyke	  C	  et	  al.	  J	  Thorac	  Cardiovasc	  Surg.	  2014	  ;147(5):1458-‐1463	  



La	  vision	  du	  saignement	  signficaHf	  	  
“en	  temps	  réel”	  



Effects	  of	  Fibrinogen	  Concentrate	  as	  First-‐line	  Therapy	  during	  Major	  AorHc	  
Replacement	  Surgery:	  A	  Randomized,	  Placebo-‐controlled	  Trial.	  
Rahe-‐Meyer,	  Niels;	  Solomon,	  CrisUna;	  Hanke,	  Alexander;	  Schmidt,	  Dirk;	  
Knoerzer,	  Dietrich;	  Hochleitner,	  Gerald;	  Sorensen,	  Benny;	  Hagl,	  ChrisUan;	  
Pichlmaier,	  Maximilian	  
	  
Anesthesiology.	  118(1):40-‐50,	  January	  2013.	  
DOI:	  10.1097/ALN.0b013e3182715d4d	  



Le	  saignement	  en	  temps	  reel	  :	  saignement	  en	  5	  minutes	  
post-‐protamine	  



Effect	  of	  the	  administraHon	  of	  fibrinogen	  as	  first-‐line	  therapy	  on	  the	  
transfusion	  during	  major	  aorHc	  replacement	  surgery	  

23	  

The	  transfusion	  of	  allogeneic	  blood	  components	  was	  significantly	  reduced	  in	  the	  fibrinogen	  
concentrate	  group	  (median	  2	  vs.	  13	  U,	  p	  <	  0.001)	  

•  randomised,	  single-‐center,	  prospecUve,	  
placebo-‐controlled,	  double-‐blind	  study	  

•  61	  paUents	  undergoing	  elecUve	  thoracic	  or	  
thoracoabdominal	  aorUc	  replacement	  surgery	  
involving	  CPB	  

•  fibrinogen	  or	  placebo	  intraoperaUvely,	  if	  
clinical	  clinically	  relevant	  coagulopathic	  
bleeding	  immediately	  ater	  removal	  from	  CPB	  
and	  compleUon	  of	  surgical	  hemostasis.	  

•  If	  bleeding	  conUnued,	  a	  standardized	  
transfusion	  protocol	  was	  followed	  

CPB	  :	  Cardiopulmonary	  Bypass;	  TAAA	  =	  thoracoabdominal	  aorUc	  aneurysm;	  	  
TAA	  =	  thoracic	  aorUc	  aneurysm;	  AS	  :	  arch	  surgery	   Rahe-‐Meyer	  et	  al.	  Anesthesiology	  2013;	  118:	  40-‐50	  

Placebo	  group	  

Fibrinogen	  group	  

Number	  of	  units	  of	  allogeneic	  blood	  	  components	  within	  24	  h	  aaer	  
infusion	  of	  study	  medicaHon,	  median	  -‐	  (primary	  endpoint)	  

p	  <	  0.001	  

29	   32	  n	   8	   10	   12	   10	   9	   12	  



Nous	  avons	  un	  premier	  problème,	  en	  praHque	  
courante,	  	  de	  définiHon	  du	  «	  saignement	  

significaHf	  »	  en	  temps	  réel,	  principalement	  pour	  
le	  saignement	  modéré	  

Ceci	  peut	  expliquer	  les	  difficultés	  
d’applicaUon	  des	  recommandaUons	  

…	  



Suite	  de	  la	  lecture….	  	  

•  Prescrire	  des	  concentrés	  de	  Fg	  (CF)	  si	  saignement	  significaUf	  
accompagné	  au	  moins	  par	  une	  suspicion	  de	  diminuUon	  de	  la	  
concentraUon	  plasmaUque	  de	  Fg	  ou	  de	  la	  foncUon	  (1C)	  

•  Au	  moins	  suspicion	  et	  au	  mieux	  cerUtude…	  
– Suspicion	  :	  raisonnement	  clinique	  
– Mesure	  :	  résultats	  d’un	  dosage	  

•  Fg	  quanUtaUf	  ou	  foncUonnel	  	  

	  



La	  suspicion…	  

•  DiminuUon	  de	  la	  concentraUons	  et/ou	  foncUon	  du	  fibrinogène	  
avec	  
– L’hémodiluUon	  
– La	  compensaUon	  par	  des	  PSL	  (y	  compris	  PFC)	  	  



BriUsh	  Journal	  of	  Anaesthesia	  113	  (4):	  585–95	  (2014)	  

Le	  problème	  de	  la	  suspicion	  de	  Fg	  bas…	  

•  Peu	  de	  réserves	  de	  Fg	  (15-‐20	  g)	  
•  Premier	  facteur	  de	  la	  coagulaUon	  déplété	  en	  cas	  d’hémorragie	  
•  L’hémodiluUon	  fait	  diminuer	  sa	  concentraUon	  
•  Les	  colloïdes	  (HES)	  peuvent	  aussi	  altérer	  sa	  foncUon	  	  
•  Quels	  PSL/PDS	  peuvent	  corriger	  une	  hypofibrinogénémie	  ?	  	  



Et	  la	  réponse	  est	  :	  seulement	  les	  concentrés	  de	  fibrinogène	  	  

BriUsh	  Journal	  of	  Anaesthesia	  113	  (4):	  585–95	  (2014)	  
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Abstract

Introduction: Haemostatic therapy in surgical and/or massive trauma patients typically involves transfusion of fresh
frozen plasma (FFP). Purified human fibrinogen concentrate may offer an alternative to FFP in some instances. In
this systematic review, we investigated the current evidence for the use of FFP and fibrinogen concentrate in the
perioperative or massive trauma setting.

Methods: Studies reporting the outcome (blood loss, transfusion requirement, length of stay, survival and plasma
fibrinogen level) of FFP or fibrinogen concentrate administration to patients in a perioperative or massive trauma
setting were identified in electronic databases (1995 to 2010). Studies were included regardless of type, patient
age, sample size or duration of patient follow-up. Studies of patients with congenital clotting factor deficiencies or
other haematological disorders were excluded. Studies were assessed for eligibility, and data were extracted and
tabulated.

Results: Ninety-one eligible studies (70 FFP and 21 fibrinogen concentrate) reported outcomes of interest. Few
were high-quality prospective studies. Evidence for the efficacy of FFP was inconsistent across all assessed
outcomes. Overall, FFP showed a positive effect for 28% of outcomes and a negative effect for 22% of outcomes.
There was limited evidence that FFP reduced mortality: 50% of outcomes associated FFP with reduced mortality
(typically trauma and/or massive bleeding), and 20% were associated with increased mortality (typically surgical
and/or nonmassive bleeding). Five studies reported the outcome of fibrinogen concentrate versus a comparator.
The evidence was consistently positive (70% of all outcomes), with no negative effects reported (0% of all
outcomes). Fibrinogen concentrate was compared directly with FFP in three high-quality studies and was found to
be superior for > 50% of outcomes in terms of reducing blood loss, allogeneic transfusion requirements, length of
intensive care unit and hospital stay and increasing plasma fibrinogen levels. We found no fibrinogen concentrate
comparator studies in patients with haemorrhage due to massive trauma, although efficacy across all assessed
outcomes was reported in a number of noncomparator trauma studies.

Conclusions: The weight of evidence does not appear to support the clinical effectiveness of FFP for surgical and/
or massive trauma patients and suggests it can be detrimental. Perioperatively, fibrinogen concentrate was
generally associated with improved outcome measures, although more high-quality, prospective studies are
required before any definitive conclusions can be drawn.
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Hans-Sachs-Gasse 10-12, 1180-Vienna, Austria
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comparator trials, 70% of outcomes showed a benefit of
fibrinogen concentrate over the control. Importantly,
the control was FFP in three of the studies, thus provid-
ing some evidence that fibrinogen concentrate is more
efficacious than FFP across a range of clinical outcomes
in the perioperative setting.
The strongest support for a benefit for FFP derives

from studies reporting survival, where 50% suggested
that FFP (typically at higher FFP:RBC ratios) reduces
mortality; however, FFP was associated with increased
mortality in 20% of studies. In general, studies reporting
an association of higher doses of FFP with improved
survival assessed the effect of FFP:RBC ratios during
massive transfusion. This finding is in agreement with
the meta-analysis performed by Murad and colleagues
[5]. Many studies targeting higher FFP:RBC ratios did so
by increasing the amount of FFP administered in the
early phase of massive haemorrhage. This temporal
aspect of FFP administration was highlighted in a recent
publication which found that patients who received an
early high FFP:RBC ratio were in less severe shock and
less likely to die early from uncontrollable haemorrhage
than were those patients in the low FFP:RBC ratio
group, who never achieved a high ratio [117]. The survi-
val advantage associated with the higher FFP:RBC ratios
currently being lauded in the literature may be due
partly to selection, whereby patients in such studies die
with a low FFP:RBC ratio, not because of a low ratio.
Fibrinogen deficiency manifests early in bleeding
patients. It is possible that an improvement in survival

rates at higher FFP:RBC ratios was due in part to earlier
supplementation of plasma fibrinogen in the resuscita-
tion effort and not to a benefit of FFP per se. The fibri-
nogen concentrate studies identified were typically
small, with a mean of only 10 patients per arm. Conse-
quently, there were almost no deaths reported in either
group, making a robust assessment of any survival bene-
fit following the administration of fibrinogen concen-
trate (early or late) virtually impossible.
In this review, we examined relevant outcomes of

interest by analysing the literature regarding one of two
interventions: FFP and fibrinogen concentrate. However,
haemostatic support during surgery or massive trauma
is rarely achieved by the administration of one product
alone; therefore, the majority of the studies included in
this review involved the administration of other pro-
ducts, particularly RBC, but also PC, cryoprecipitate,
prothrombin complex concentrate, tranexamic acid,
aprotinin and others. The influence of coadministered
products on the outcomes of interest was not studied in
this review, though the potential for an impact should
be considered when drawing any conclusions regarding
the impact of each intervention on these outcomes, par-
ticularly in studies where cryoprecipitate was adminis-
tered, as this would provide a more concentrated dose
of fibrinogen than FFP alone.

Risk versus benefit
The benefits of any intervention should outweigh the
risks. In this review, we found inconsistent and
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Figure 2 Summary of efficacy outcomes from comparator trials. Numbers represent number of outcomes. FFP = fresh frozen plasma; LOS =
length of stay.
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Suite	  de	  la	  lecture…	  

•  A	  quel	  moment	  faut-‐il	  “suspecter”	  ou	  confirmer	  (mesurer)	  la	  
suspicion	  ?	  	  
– En	  tenant	  compte	  des	  faits	  suivants:	  

•  Post-‐administraUon	  de	  protamine	  la	  situaUon	  peut	  devenir	  difficile	  
(saignement	  difficile	  à	  gérer)	  

•  Il	  faut	  45	  minutes	  (voire	  plus)	  pour	  avoir	  un	  résultat	  de	  dosage	  (ou	  moins	  si	  
POC	  y	  compris	  tests	  viscoélasUques)	  



RelaHon	  entre	  concentraHon	  du	  Fg	  après	  CEC	  et	  saignement	  post-‐opératoire	  
32	  

4606	  paUents	  ayant	  bénéficié	  
d’une	  chirurgie	  cardiaque	  

KarkouU	  et	  al.	  Anesth	  Analg	  2013;117:14–22	  



La	  cerHtude…	  

PLOS	  ONE	  |	  DOI:10.1371/journal.pone.0126692	  May	  26,	  2015	  



PLOS	  ONE	  |	  DOI:10.1371/journal.pone.0126692	  May	  26,	  2015	  

Fg	  post	  CEC=	  0,87	  x	  Fg	  per-‐CEC	  +0,44	   A10	  post-‐CEC=	  0,80	  x	  A10	  per-‐CEC	  +1,56	  

Mais	  erreur	  de	  30-‐40	  %	  ++++	  	  

Il	  est	  impossible	  pour	  un	  paUent	  donné	  de	  
dire	  que	  1,9	  g/L	  est	  différent	  de	  2,1	  g/L	  	  



Suite	  de	  lecture…	  

•  Prescrire	  des	  concentrés	  de	  Fg	  (CF)	  si	  saignement	  significaUf	  accompagné	  au	  
moins	  par	  une	  suspicion	  de	  diminuUon	  de	  la	  concentraUon	  plasmaUque	  de	  
Fg	  ou	  de	  la	  foncUon	  (1C)	  
– Fg	  <	  1,5-‐2	  g	  ou	  ROTEM/TEG	  de	  déficit	  foncUonnel	  en	  Fg	  (1C)	  

•  Dose	  iniUale	  de	  CF:	  25-‐50	  mg/kg	  (2C)	  
–  Cryoprécipité	  si	  pas	  de	  CF	  dans	  un	  pays	  (2C)	  



Am.	  J.	  Hematol.	  89:228–232,	  2014	  



PLOS	  ONE	  |	  DOI:10.1371/journal.pone.0126692	  May	  26,	  2015	  



Qu’il	  s’agisse	  de	  la	  suspicion	  ou	  de	  la	  cerHtude	  de	  déficit	  
quanHtaHf/qualitaHf	  en	  fibrinogène	  plasmaHque	  	  

•  Il	  existe	  une	  interacUon	  avec	  les	  autres	  facteurs	  de	  coagulaUon	  (dont	  
plaquehes)	  qui	  n’est	  pas	  facile	  à	  résoudre	  

•  La	  mesure	  de	  concentraUon/foncUon	  du	  Fg	  nécessite	  du	  temps/ressources	  
–  CompaUble	  avec	  un	  saignement	  relaUvement	  lent	  (1-‐2	  l	  en	  12	  h)	  mais	  peu/pas	  
avec	  un	  saignement	  important	  (1l/h)	  

•  OuUls	  crédibles	  en	  situaUon	  de	  saignement	  modéré/sévère/massif	  mais	  pas	  catastrophique	  

–  TEG	  et	  TEM	  ne	  sont	  pas	  interchangeables….	  
–  Le	  «	  sens	  clinique	  »	  devient	  le	  seul	  ouUl	  malgré	  les	  mesures	  (bruit	  de	  la	  mesure	  et	  
valeurs	  seuil)	  

–  Risque	  de	  sous/sur-‐prescripUon	  de	  fibrinogène	  	  
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Background: After cardiopulmonary bypass (CPB) thrombocytopenia is a relatively common pattern which may
trigger postoperative bleeding. The purpose of this study is to verify if the endogenous !brinogen levels are
independent determinants of chest drain blood loss and need for allogeneic blood products transfusions in a
clinical model of post-CPB thrombocytopenia.
Methods: Retrospective analysis on 445 consecutive patients having a platelet count b100 ! 1000 cells/!L after
CPB. Based on the !brinogen levels the patients were divided into three groups with similar platelet count and
low (LF, median 170mg/dL), intermediate (IF, median 215mg/dL), and high (HF, median 280mg/dL), !brinogen
levels. Chest drain blood loss (mL/12 h), transfusion rate of red blood cells (RBC), fresh frozen plasma (FFP) and
platelet concentrates were assessed and compared between groups.
Results: Therewas a signi!cant (P=0.001) difference in chest drain blood losswith higher values in the LF group
(487mL/12 h, IQR 300–600mL/12 h) than in the IF group (350mL/12 h, IQR 200–500mL/12 h) and theHF group
(300mL/12 h, IQR 200–475mL/12 h). Transfusion rates of FFP signi!cantly (P= 0.014) differed between groups
(LF: 18.4%, IF: 7.9%, HF: 9.2%) and platelet concentrate transfusions signi!cantly (P = 0.020) differed between
groups (LF: 23.5%, IF: 16.5%, HF: 10.7%). In multivariable models, these differences were con!rmed.
Thromboelastography parameters showed an effective compensation of clot !rmness in group HF vs. IF and LF.
Conclusions: Levels of !brinogen N240 mg/dL compensate the decrease in clot !rmness observed in thrombocy-
topenic patients following CPB, and reduce bleeding and transfusion needs.

© 2017 Elsevier B.V. All rights reserved.

Keywords:
Cardiac surgery
Bleeding
Fibrinogen
Transfusions

1. Introduction

Clot !rmness is an important determinant of a correct hemostasis
under different clinical conditions, including cardiac surgery [1–4].

Determinants of clot !rmness are the interaction between !brin(o-
gen) and platelets, factor XIII activity, and !brinolysis. Platelet count is
an important determinant of clot !rmness, and thrombocytopenia is ac-
companied by signs of poor clot !rmness at visco-elastic tests [5,6].
Thrombocytopenia is relatively common after cardiac surgery with car-
diopulmonary bypass (CPB), due to platelet activation, aggregation, and
destruction [7–9], and severe patterns of thrombocytopenia are one of
the possible determinants of postoperative bleeding [10].

The possibility of a !brinogen-based compensation of clot !rmness in
the setting of thrombocytopeniawas raised by different laboratory-based

studies [11–13]. However, there is no clinical evidence of a positive role of
!brinogen levels in thrombocytopenic patients following cardiac surgery.

The present study investigates the hypothesis that postoperative
bleeding (primary endpoint) and allogeneic blood products transfusions
and surgical re-exploration due to bleeding (secondary endpoints) in
thrombocytopenic patients following cardiac surgery are determined by
the !brinogen level.

2. Methods

This study is a retrospective analysis of the hemostasis/coagulation cardiac surgery
database of the IRCCS Policlinico San Donato, a Clinical Research Hospital partially funded
by the ItalianMinistry of Health. The Local Ethics Committee (San Raffaele Hospital Ethics
Committee) gave the approval (March 2016) to the study design andwaived the need for
an informed consent from the patients.

2.1. Patient selection

Data from 2878 consecutive adult patients were available in the period March 2012–
January 2015. A selection was applied based on the entry criterion (postoperative
thrombocytopenia). Thrombocytopenia was de!ned as a platelet count b100,000 cells/!L
at the arrival in the ICU. Four hundred forty-!ve patients remained available for the subse-
quent step. The patient populationwas divided into tertiles based on the distribution of the
concentration of !brinogen (mg/dL), with the !rst tertile de!ned as “low !brinogen” (LF),
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Within this subgroup, patients inHF grouphad a signi!cantly (P=0.001)
lower postoperative bleeding (median 300 mL/12 h, IQR 200–
487 mL/12 h) than patients in the IF group (median 525 mL/12 h,
IQR 400–993 mL/12 h) and the LF group (median 500 mL/12 h, IQR
300–2225 mL/12 h). Surgical re-exploration rate was 0% in HF, 2.9% in
IF, and 19.4% in LF groups (P = 0.001). Severe bleeding was observed in
3.7% of patients in the HF, vs. 23.5% and 29% in the IF and LF, respectively
(P = 0.001).

4. Discussion

Our study demonstrates that in post-cardiac surgery thrombocyto-
penic patients different levels of !brinogen are associatedwith different
postoperative chest drain blood loss and need for FFP and platelet con-
centrate transfusions. Patients with high !brinogen levels show less
bleeding and need for transfusions of pro-coagulant blood components.
This association is con!rmed in multivariable models. In the sub-group
of patients with a platelet count b80,000 cells/!L, even the rates of sur-
gical re-exploration and severe bleeding are signi!cantly reduced in pa-
tients with high !brinogen levels. Finally, in a subgroup of patients,

patients with high !brinogen levels demonstrate a signi!cantly greater
clot !rmness than those with intermediate or low !brinogen levels.

A normal clot is formed byplatelets and!brin,with the!rst acting as
the bricks, and the second as the concrete creating an effective wall to
stop blood loss. The !rmness of this wall may vary depending on the
relative contribution of each one of the components. Patients with
thrombocytopenia have a decreased clot !rmness [6], and our results
demonstrate that this pattern may vary depending on the relative con-
tribution of !brinogen: in presence of !brinogen levels higher than
240 mg/dL, clot !rmness is preserved and postoperative bleeding is
contained to a median value of 300 mL/12 h.

Previous studies have already highlighted that clot !rmness in
thrombocytopenic patients may be restored by the supplementation
of !brinogen. In 2007, Velik-Salchner C and associates [11] performed

Table 1
Clinical and laboratory variables in the three experimental groups.

Variable Group LF (N = 136) Group IF (N = 139) Group HF (N = 131) P

Age (years) 71 (60–77) 70 (60–77) 74 (66–78) 0.010
Weight (kgs) 70 (59–75) 70 (62–78) 70 (60–80) 0.007
Gender male 85 (62.5) 92 (66.2) 83 (63.4) 0.801
Left ventricular ejection fraction 0.56 (0.50–0.64) 0.60 (0.50–0.62) 0.54 (0.48–0.61) 0.015
Serum creatinine (mg/dL) 0.9 (0.8–1.1) 1.0 (0.8–1.1) 1.1 (0.9–1.5) 0.001
Hematocrit (%) 39.7 (36–42.6) 39.2 (35.6–42.4) 38 (35–40.8) 0.011
Diabetes 16 (11.8) 21 (15.1) 23 (17.6) 0.407
Chronic obstructive pulmonary disease 6 (4.4) 12 (8.6) 11 (8.4) 0.363
Previous cerebrovascular accident 7 (5.1) 3 (2.2) 6 (4.6) 0.400
Congestive heart failure 11 (8.1) 11 (7.9) 16 (12.2) 0.395
Redo surgery 26 (19.1) 24 (17.3) 15 (11.5) 0.205
Non-elective surgery 18 (13.2) 14 (10.1) 29 (22.1) 0.017
aPTT (sec) 30.8 (29.1–32.9) 30.6 (29–32.2) 31.9 (29.1–34.3) 0.003
International normalized ratio 1.06 (1.01–1.14) 1.05 (0.99–1.12) 1.08 (1.01–1.16) 0.163
Platelet count (!1000 cells/!L) 158 (124–181) 141 (119–170) 152 (121–174) 0.144
Antithrombin activity (%) 93 (86–102) 96 (86–104) 96 (89–105) 0.380
Double antiplatelet therapy 9 (6.6) 7 (5) 15 (11.5) 0.120
Aspirin 27 (20) 22 (15.8) 21 (16) 0.613
Low molecular weight heparin 12 (8.8) 10 (7.2) 13 (9.9) 0.723
Type of surgery

Isolated coronary surgery 20 (14.7) 14 (10.1) 20 (15.3) 0.381
Isolated valve surgery 47 (34.6) 50 (36.0) 45 (34.4) 0.954
Combined surgery 46 (33.8) 58 (41.7) 56 (42.7) 0.259

Cardiopulmonary bypass time (min) 83 (60–129) 90 (64–110) 84 (65–102) 0.210

aPTT: activated partial thromboplastin time; HF: high !brinogen; IF: intermediate !brinogen; LF: low !brinogen. Data are median (interquartile range) or number (%).

Fig. 1. Chest drain blood loss in the three groups. Boxes represent median values and
interquartile range, whiskers are 5–95 percentile.

Table 2
Multivariable models for primary and secondary outcomes.

Postoperative chest drain output (mL/12 h) – linear regression (stepwise forward)

Variable Regression
coef!cient

Standard
error

P

Fibrinogen group !110 22.1 0.001
Ejection fraction (%) !4.9 1.60 0.003
Non-elective surgery 145 52 0.006
Constant 934 105

Fresh frozen plasma transfusion- logistic regression (stepwise forward)

Variable Regression coef!cient Odds ratio 95% C.I. P

Fibrinogen group !0.46 0.63 0.42–0.95 0.027
Ejection fraction (%) !0.04 0.96 0.93–0.98 0.002
Constant 1.13

Platelet concentrates transfusion- logistic regression (stepwise forward)

Variable Regression coef!cient Odds ratio 95% C.I. P

Fibrinogen group !0.57 0.57 0.39–0.83 0.004
Age (years) !0.04 0.96 0.94–0.98 0.001
Weight (kgs) 0.02 1.02 1.00–1.04 0.040
Hematocrit (%) !0.12 0.89 0.84–0.94 0.001
Ejection fraction (%) !0.04 0.97 0.94–0.99 0.010
Constant 7.16

C.I.; con!dence interval.
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1.7	  	  g/L	  (IQR	  1.5–1.8)	  

	  2.1	  g/L	  (IQR	  2–	  2.2)	   2.8	  g/L	  (IQR	  2.5–3.3)	  

81	  G/L(67–90)	  

85	  G/L	  (72–93)	   88	  G/L	  (76–94)	   P	  <	  0.001	  

P	  <	  0.001	  
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Conclusions	  des	  auteurs	  

•  Our	  study	  generates	  the	  hypothesis	  that	  in	  presence	  of	  post-‐
CPB	  thrombocytopenia,	  fibrinogen	  supplementaHon	  to	  a	  
minimum	  target	  level	  of	  2.4	  	  g/L	  may	  be	  useful	  to	  control	  
postoperaHve	  bleeding.	  This	  value	  is	  consistent	  with	  our	  
findings	  on	  target	  levels	  for	  fibrinogen	  supplementaUon	  
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Pas	  dans	  les	  recommandaHons…	  

•  Quand	  faut-‐il	  administrer	  les	  C	  Fibrinogène	  	  ?	  
– Avant	  les	  PSL	  
– En	  même	  temps	  ?	  
– Après	  les	  PSL	  ?	  	  



Perioperative management of the bleeding patient
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Abstract
Perioperative bleeding remains a major complication during and after surgery, resulting in increasedmorbidity andmortality.
The principal causes of non-vascular sources of haemostatic perioperative bleeding are a preexisting undetected bleeding dis-
order, the nature of the operation itself, or acquired coagulation abnormalities secondary to haemorrhage, haemodilution, or
haemostatic factor consumption. In the bleeding patient, standard therapeutic approaches include allogeneic blood product
administration, concomitant pharmacologic agents, and increasing application of purified and recombinant haemostatic fac-
tors. Multiple haemostatic changes occur perioperatively after trauma and complex surgical procedures including cardiac sur-
gery and liver transplantation. Novel strategies for both prophylaxis and therapy of perioperative bleeding include tranexamic
acid, desmopressin, fibrinogen and prothrombin complex concentrates. Point-of-care patient testing using thromboelastogra-
phy, rotational thromboelastometry, and platelet function assays has allowed for more detailed assessment of specific tar-
geted therapy for haemostasis. Strategic multimodal management is needed to improve management, reduce allogeneic blood
product administration, andminimize associated risks related to transfusion.

Key words: coagulopathy; direct oral anticoagulants (DOACs); hemostasis & thrombosis; point-of-care testing; thromboembo-
lism; transfusion algorithm

Multiple factors contribute to the complex causes of bleeding
in surgical patients that include blood loss, haemodilution,
acquired platelet dysfunction, coagulation factor consumption in
extracorporeal circuits, activation of fibrinolytic, fibrinogenolytic
and inflammatory pathways, and hypothermia.1,2 Acquired hae-
mostatic defects often present in surgical patients as a result of
prescribed oral anticoagulants (warfarin, dabigatran, rivaroxaban,
apixaban, edoxaban) and platelet inhibitors (P2Y12 receptor
inhibitors-clopidogrel, prasugrel, or ticagrelor). Thus, bleeding
after surgery includes both preexisting and/or acquired defects in
haemostasis. Congenital bleeding disorders are less common
and, hopefully already addressed if a patient presents for surgery.
From a preoperative evaluation standpoint, the ISTH bleeding
questionnaire is as effective as multiple, laboratory tests for iden-
tifying perioperative bleeding risk.3

Surgical bleeding is usually characterized by a site of bleed-
ing and confined exclusively to the operative site. Meticulous
surgical technique, patience, and good patient selection all con-
tribute significantly to minimizing surgical bleeding in the high-
risk patient. The spectrum of available topical haemostatic
agents and devices are beyond the scope of this review.4 The
focus of this review is microvascular or coagulopathic bleeding
as a consequence of abnormal haemostatic mechanisms. While
typically manifested as generalizing bleeding within the opera-
tive site, this can extend to percutaneous cannulation sites,
nasogastric tubes, and urinary catheters.

Management of perioperative bleeding consists of identify-
ing patients at risk, understanding the impact of the operation
on haemostasis, institution of allogeneic blood and factor
concentrate based therapies, utilizing point-of-care laboratory
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Pharmacological haemostatic agents
A review of allogeneic blood products and dosing is beyond the
scope of this article. Outside of the massive trauma setting, their
use is guided by laboratory testing. In average adults, one unit
of RBCs increases haemoglobin concentrations by !1g dl" 1, one
adult dose of platelets increases platelet count by !25-35x109

l" 1, and a typical dose of 10-20ml kg" 1 plasma raises factor lev-
els by !10%. Cryoprecipitate is discussed separately below.

Desmopressin

Desmopressin (DDAVP) is the V2 analog of arginine vasopressin
that releases vWF multimers from endothelial stores.99 vWF is a
critical protein that facilitates platelet adherence, by acting as a
protein bridge between platelet glycoprotein Ib receptors and

damaged vascular subendothelium. DDAVP decreases bleeding
times inmild haemophilia A or vonWillebrand disease, but beyond
these indications, and despite widespread perioperative use, effi-
cacy is limited.100 DDAVP is administered intravenously at doses of
0.3mcg kg" 1, and should be infused over 15-30min to avoid
changes in bp or cardiac chronotropy.101 Despite 18 trials of desmo-
pressin in 1295 patients undergoing cardiac surgery, only minimal
reduction of perioperative blood loss (!115ml) was reported.102,103

The benefit of administering DDAVP in these patients is unclear,
especially with concomitant use of vasopressin.

Coagulation factor concentrates

Although allogeneic blood products are the basis of coagulop-
athy management, they require cross matching, have well

*PCC note, use Kcentra
for coumadin reversal (on-
label) and profilnine for
refractory bleeding

Haemoglobin!7 or
8g dl–1

1-2 U RBC
suggest Hb 8-9
g dl–1 DISCUSS!!

If >2- 4 units
RBC used
post – CPB
consider 1:1

FFP:RBC

retest

1U
PLTs

1U
PLTs

1U
PLTs

0.3mcg/kg DDAVP
(not if cryo given)

PLT
<100

PLT
<50 or DHCA

Correct fibrinogen first

FIB!200 mg/dL
FibTEM A10
!13mm

FIB!150 mg/dL
FibTEM A10
!10mm

INR>1.3
aPTT or PT>1.3 x
CT EXTEM>80s

Bleeding

Off CPB, post protamine, pack
chest for 5 min

Start: ROTEM #1, platelet count, fibrinogen at rewarming

?

? ?

2U
PLTs

Retest

5 U cryo 10 U cryo *Profilnine 10-15u/kg
or FFP 10-15ml/kg

-repeat x 1

Discuss 4uFFP on
CPB, cryo, PCCs

and/or
10 mg vit K i.v

Fibrinogen!200mg/dL
or CT EXTEM>80s+
CT HEPTEM>240s

Retest and request assistance

rFVIIa 1mg-repeat x 1

?

Fig 3 Transfusion Algorithm for intraoperative bleeding during cardiac surgery. In this laboratory, viscoelastic testing (ROTEMVC ) paradigm, samples are sent upon body
temperature rewarming during CPB. Our algorithm directs the correction of hypofibrinogenaemia (using the Klaus Fibrinogen assay or FibTEMVC A10 values and thrombocy-
topenia. Patients whom have undergone hypothermic circulatory arrest and the ensuing platelet dysfunction of hypothermia, receive platelet concentrate transfusion
depending on platelet value during on-CPB rewarming values, when temperatures are>33 #C. Notably, because of established institutional practices, a first set of haemo-
stasis blood samples are sent to the laboratory on CPB, and in order to account for heparin effect, HEPTEMVC is sent in addition to EXTEMVC . Thus, if HEPTEMVC is>240s,
then it is presumed the added prolonged clotting time is as a result of additional factor deficiencies and requires FFP administration. A HEPTEMVC CT<240s indicates man-
ufacture-established values after heparin antagonism. This value aids the practitioner in deciding on FFP administration while on CPB, in order to avoid delayed initiation
of coagulationmanagement after separation from CPB. Consideration is also made to post-CPB PCC administration, as PCC usage on CPBmight be less useful owing to the
larger volume of distribution and potential deposition of PCC factors onto CPB filters. With opportunities for clinical observation and laboratory values for deciding further
clinical intervention, various deficiencies are managed through such blood, plasma, and factor concentrate administration. Antifibrinolytic therapy is standard practice for
our cardiac surgical patients that require CPB. Notably, we have internally tested our 5U-pack of cryoprecipitate and have found fibrinogen concentration to range between
1.5-2.5 grams. We recommend a similar assessment locally within each hospital to help with best practice. Figure modified from a draft version of our local cardiac surgery trans-
fusion protocol. AT III$Antithrombin III; CT$Clotting time; CPB$ cardiopulmonary bypass; Cryo$Cryoprecipitate; FFP$ fresh frozen plasma; FIB$Fibrinogen concentra-
tion; Hb$Haemoglobin; PCCs$Prothrombin complex concentrate; PLT$platelet count; RBC$Red blood cell; rFVIIa$Recombinant activated factor VIIa; U$unit.
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BACKGROUND: Cardiac surgery is frequently complicated by coagulopathic 
bleeding that is difficult to optimally manage using standard hemostatic testing. 
We hypothesized that point-of-care hemostatic testing within the context of an 
integrated transfusion algorithm would improve the management of coagulopathy 
in cardiac surgery and thereby reduce blood transfusions.

METHODS: We conducted a pragmatic multicenter stepped-wedge cluster 
randomized controlled trial of a point-of-care–based transfusion algorithm in 
consecutive patients undergoing cardiac surgery with cardiopulmonary bypass 
at 12 hospitals from October 6, 2014, to May 1, 2015. Following a 1-month 
data collection at all participating hospitals, a transfusion algorithm incorporating 
point-of-care hemostatic testing was sequentially implemented at 2 hospitals at 
a time in 1-month intervals, with the implementation order randomly assigned. 
No other aspects of care were modified. The primary outcome was red blood 
cell transfusion from surgery to postoperative day 7. Other outcomes included 
transfusion of other blood products, major bleeding, and major complications. The 
analysis adjusted for secular time trends, within-hospital clustering, and patient-
level risk factors. All outcomes and analyses were prespecified before study 
initiation.

RESULTS: Among the 7402 patients studied, 3555 underwent surgery during 
the control phase and 3847 during the intervention phase. Overall, 3329 (45.0%) 
received red blood cells, 1863 (25.2%) received platelets, 1645 (22.2%) received 
plasma, and 394 (5.3%) received cryoprecipitate. Major bleeding occurred in 1773 
(24.1%) patients, and major complications occurred in 740 (10.2%) patients. The 
trial intervention reduced rates of red blood cell transfusion (adjusted relative risk, 
0.91; 95% confidence interval, 0.85–0.98; P=0.02; number needed to treat, 
24.7), platelet transfusion (relative risk, 0.77; 95% confidence interval, 0.68–0.87; 
P<0.001; number needed to treat, 16.7), and major bleeding (relative risk, 0.83; 
95% confidence interval, 0.72–0.94; P=0.004; number needed to treat, 22.6), but 
had no effect on other blood product transfusions or major complications.

CONCLUSIONS: Implementation of point-of-care hemostatic testing within the 
context of an integrated transfusion algorithm reduces red blood cell transfusions, 
platelet transfusions, and major bleeding following cardiac surgery. Our findings 
support the broader adoption of point-of-care hemostatic testing into clinical 
practice.

CLINICAL TRIAL REGISTRATION: URL: http://www.clinicaltrials.gov. Unique 
identifier: NCT02200419.

Point-of-Care Hemostatic Testing in Cardiac 
Surgery
A Stepped-Wedge Clustered Randomized Controlled Trial
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the same follow-up period. Major bleeding was defined using 
the validated universal definition of bleeding in adult cardiac 
surgery (!5 U of red blood cells, !5 U of plasma, chest tube 
drainage of !1000 mL within 24 hours of surgery, surgical 
reexploration, or administration of recombinant activated fac-
tor VII).28,29 Other outcomes included units of blood products 
transfused, length of hospital stay, and in-hospital major com-
plications. The latter was defined as the composite of in-hos-
pital death, acute kidney injury (!2-fold increase in creatinine 
or new renal replacement therapy),30 sepsis, sternal infection, 
deep vein thrombosis, pulmonary embolism, myocardial infarc-
tion, and stroke. In-hospital follow-up for complications was 
censored at postoperative day 28.

Statistical Analysis
The primary analysis was intention to treat,31 based on each 
hospital’s randomly assigned date to convert from standard-
of-care to POC-based hemostatic management, with the hos-
pital being the unit of randomization and the individual patient 
being the unit of analysis. Patient characteristics before and 
after intervention were analyzed using the t test or Wilcoxon 
rank sum test for the continuous variables and "2 test for the 
categorical variables. For the primary outcome and second-
ary dichotomous outcomes, modified Poisson regression with 
sandwich estimator for standard errors was used to estimate 
the relative risk (RR) and we accounted for clustering by site 

Figure 2. Transfusion algorithm.  
Point-of-care (POC) tests consisted of ROTEM (Rotation Thromboelastometry; Tem International GmBH, Munich, Germany) and 
Plateletworks (Helena Laboratories, Beaumont, TX) systems. ROTEM measures included A10-EXTEM (clot amplitude at 10 
minutes with the ROTEM extrinsic pathway assay: <35 mm implies impaired clot formation because of low fibrinogen levels 
or low platelet count); A10-FIBTEM (clot firmness amplitude at 10 minutes with ROTEM fibrinogen assay: #8 mm confirms low 
fibrinogen levels); and CT-EXTEM (clotting time with ROTEM extrinsic pathway assay: >90 s implies poor clot initiation possibly 
because of reduced coagulation factor levels or reduced thrombin generation). Functioning platelet count was obtained by the 
PlateletWorks assay. ACT indicates activated clotting time; CPB, cardiopulmonary bypass; IBW, ideal body weight.
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The intervention also reduced the rates of platelet trans-
fusion (RR, 0.77; 95% CI, 0.68–0.87; P<0.001; number 
needed to treat, 16.7; 95% CI, 12.0–29.6) and major 
bleeding (RR, 0.83; 95% CI, 0.72–0.94; P=0.004; num-
ber needed to treat, 22.6; 95% CI, 13.7–64.1), but not 
the rates of plasma and cryoprecipitate transfusions 
(Table 2). Furthermore, the intervention resulted in a 
13% (95% CI, –2 to 25%; P=0.08) per patient reduction 
in units of red blood cells transfused, a 24% (95% CI, 
10%–36%; P=0.001) per patient reduction in doses of 
platelets transfused, but no change in units of plasma 
transfused (P=0.90). Overall, there was a 16% (95% 
CI, 1%–28%; P=0.04) reduction in units of allogeneic 
blood products transfused. The intervention did not af-
fect complication rates (RR, 1.02; 95% CI, 0.81–1.28; 
P=0.87) or duration of hospitalization (hazard of be-

ing discharged with death censored=0.90; 95% CI, 
0.72–1.13; P=0.38). The results were not materially 
different in the per-protocol analysis, when patients with 
missing covariates were excluded, or when models were 
constructed without adjustment for prespecified risk fac-
tors for bleeding (online-only Data Supplement Table II). 
There were no differential treatment effects in any of the 
prespecified subgroup analyses (tests for interaction 
P>0.1).

DISCUSSION
We conducted a pragmatic stepped-wedge cluster ran-
domized controlled trial that included 7402 patients 
from 12 hospitals and found that the implementation of 
POC hemostatic testing as part of an integrated transfu-

Table 1. Patient Characteristics, Clinical Status, and Surgical Parameters

Variable Control (n=3555) Intervention (n=3847) P Value

Age, y, median (IQR) 67 (59–75) 67 (59–74) 0.03

Weight, kg, median (IQR) 83 (72–95) 81 (71–94) 0.004

Female, n (%) 904 (25.4) 951 (24.7) 0.48

Diabetes mellitus (I or II), n (%) 1204 (33.9) 1264 (32.9) 0.36

Hypertension, n (%) 2736 (77.0) 2962 (77.0) 0.98

Coronary artery disease, n (%) 2572 (72.4) 2817 (73.2) 0.40

Atrial fibrillation, n (%) 554 (15.6) 614 (16.0) 0.66

Stroke or TIA, n (%) 345 (9.7) 377 (9.8) 0.89

Peripheral vascular disease, n (%) 307 (8.6) 400 (10.4) 0.01

Deep vein thrombosis or pulmonary embolism, n (%) 87 (2.4) 108 (2.8) 0.33

Pulmonary disease, n (%) 451 (12.7) 460 (12.0) 0.34

Heparin-induced thrombocytopenia, n (%) 12 (0.34) 11 (0.29) 0.69

Hemoglobin, g/dL, median (IQR) 13.5 (12.2–14.5) 13.6 (12.3–14.7) 0.007

Platelet count, !109/L, median (IQR) 211 (175–254) 206 (171–248) 0.002

INR !1.5,* n/total n (%) 135/3451 (3.9) 175/3689 (4.7) 0.08

eGFR,† median (IQR) 79.2 (60.7–103.2) 83.0 (59.2–102.1) 0.26

Complex procedure,‡ n (%) 885 (24.9) 1055 (27.2) 0.01

Emergency surgery, n (%) 275 (7.8) 212 (5.6) <0.001

Redo surgery, n (%) 250 (7.0) 198 (5.2) 0.001

Cardiopulmonary bypass, min, median (IQR) 98 (77–129) 100 (77–134) 0.08

Intra-aortic balloon pump, n (%) 98 (2.8) 144 (3.7) 0.02

Circulatory arrest, n (%) 108 (3.0) 151 (3.9) 0.04

Cell salvage, n (%) 633 (17.8) 923 (24.0) <0.001

Tranexamic acid, n (%) 3357 (94.4) 3660 (95.1) 0.17

Topical hemostatic agent, n (%) 1276 (35.9) 829 (21.6) <0.001

eGFR indicates estimated glomerular filtration rate; INR, international normalized ratio of prothrombin time; IQR, interquartile range; and 
TIA, transient ischemic attack. 

* Total reflects number of patients with complete data for the variable.
† Estimated glomerular filtration rate (calculated by the Cockcroft-Gault method).38

‡ Any procedure other than isolated coronary artery grafting, single-valve surgery, repair of atrial-septal defect, or myectomy.
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ficient with the POC assays and transfusion algorithm, 
which may have caused our trial to underestimate the 
treatment effect. Moreover, because this was a prag-
matic study, we could not determine whether clinicians 
adhered to individual components of the algorithm or 
which aspects of the algorithm were primarily respon-
sible for the observed effects. The implementation of 
an intervention in a stepped-wedge cluster randomized 
controlled trial can lead to biased estimates of effects if 
the before versus after analysis fails to consider varia-
tion in baseline patient characteristics across centers 
or changes over time that are unrelated to the interven-
tion.31 To overcome this limitation, we used multivariable 
regression modeling that controlled for these factors. 
Our intervention decreased rates of red blood cell and 
platelet transfusions, but did not decrease the use of 
other blood products that are frequently required, for ex-
ample, plasma transfusions. We did not collect data on 
baseline anticoagulant use, and these medications could 
have impacted bleeding rates. However, standard prac-
tice at all sites was to discontinue the use of such drugs 
where possible, and our subgroup analysis based on ur-
gency of surgery was consistent with our overall results.

In summary, we found that implementation of POC he-
mostatic testing within the context of a simple, integrated 
transfusion algorithm across 12 hospitals reduced red 
blood cell transfusions, platelet transfusions, and major 
bleeding following cardiac surgery. These findings sug-
gest that the use of POC hemostatic testing improves 
the management of coagulopathy in cardiac surgery and 
support their broader adoption into clinical practice.

APPENDIX
The Transfusion Avoidance in Cardiac Surgery (TACS Research 
group) principal investigators at the participating hospitals were: 
B. Achen, MD, Department of Anesthesia, University Hospital, 
Edmonton, Alberta; S. Brar, MD, D. Morrison, MD, D. Wong, MD, 
Department of Anesthesia, Royal Columbian Hospital, New West-
minster, BC; J. S. Bussières, MD, Department of Anesthesia, In-
stitut Universitaire de Cardiologie et de Pneumologie de Québec, 
Quebec City, Quebec; J. Callum, MD, Transfusion Medicine, Sun-

nybrook Health Sciences Centre, Toronto, ON; T. de Waal, MD, 
Department of Anesthesia, Southlake Regional Health Centre, 
Newmarket, ON; H. Grocott, MD, Departments of Anesthesia & 
Perioperative Medicine and Surgery University of Manitoba, St. 
Boniface Hospital, Winnipeg, MB; C. Harle, MD, Department of 
Anesthesia, London Health Sciences Centre (LHSC), University 
Hospital, London, ON; E. de Médicis, MD, MSc, Department of 
Anesthesia, Sherbrooke Hopital Fleurimont (CHUS), Sherbrooke, 
Quebec; †C. McAdams, MD, Department of Anesthesia, Alberta 
Health Science Centre, Calgary, Alberta; S. Syed, MD, Depart-
ment of Anesthesia, Hamilton Health Sciences Centre (HHSC), 
McMaster University, Hamilton, ON; D. Tran, MD, Department of 
Anesthesia, University of Ottawa Heart Institute, Ottawa, ON; T. 
Waters, MD, Department of Anesthesia, VCH Vancouver Coastal 
Health (UBC), Vancouver, BC.
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Table 2. Effects of the Intervention on Transfusions 
and Bleeding

Outcome
Relative Risk (95% 

Confidence Interval) P Value

Red blood cell transfusions 0.91 (0.85–0.98) 0.02

Platelet transfusions 0.77 (0.68–0.87) <0.001

Plasma transfusions 0.98 (0.86–1.12) 0.79

Cryoprecipitate or fibrinogen 
concentrate transfusions

1.26 (0.94–1.69) 0.11

Major bleeding* 0.83 (0.72–0.94) 0.004

*See text for definition
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Dans	  les	  deux	  algorithmes	  récents	  présentés	  

•  La	  correcUon	  de	  l’hypofibrinogénémie	  est	  “précoce”	  ou	  “en	  
même	  temps”	  que	  plaquehes/	  facteurs	  de	  coagulaUon	  (CT-‐
EXTEM)	  
– Saignement	  (méthode	  Rahe-‐Mayer:	  60	  g	  de	  saignement	  en	  5	  minutes	  
post-‐protamine)	  

– A10-‐	  FibTEM	  <	  8	  mm	  	  (KarkouU	  et	  al.	  2016)	  
– A10-‐FibTEM	  <	  10/13	  mm	  (Ghadimi	  et	  al.	  2016)	  	  
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La	  réponse	  à	  la	  quesHon	  :	  Les	  recommandaHons	  répondent-‐
elles	  aux	  besoins	  des	  cliniciens	  ?	  	  

•  (Très)	  parUellement	  
–  DéfiniUon	  du	  saignement	  «	  significaUf	  »	  

•  InterprétaUon/situaUon	  locale/saignement	  catastrophique	  

–  Suspicion	  vs	  cerUtude	  d’hypofibrinogénémie	  
•  Délais,	  résultats,	  différences	  possibles	  entre	  anomalies	  quanUtaUves	  vs	  qualitaUves	  

–  Le	  TEG/TEM	  ne	  sont	  probablement	  pas	  interchangeables	  
–  Ressources	  

–  Dose	  et	  séquence	  d’administraUon	  par	  rapport	  aux	  PSL	  	  
–  Sécurité	  d’administraUon	  (complicaUons	  TE	  ?)	  
–  Analyses	  médico-‐économiques	  

•  Mais	  cerUtudes	  sur	  les	  effets	  secondaires	  graves	  des	  PSL….	  	  



Peut-‐on	  évaluer	  le	  respect	  des	  recommandaHons	  
quant	  à	  la	  prescripHon	  des	  concentraHons	  de	  

fibrinogène	  en	  chirurgie	  cardiaque	  ?	  	  

-‐  En	  tenant	  compte	  de	  “l’incerHtude”	  en	  temps	  réel	  	  
-‐  En	  analysant	  la	  séquence	  temporelle	  CF	  vs	  PSL	  
-‐  Et	  en	  réalisant	  une	  analyse	  médico-‐économique	  
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DescripUon	  de	  l’étude	  
•  Etude	  observaUonnelle,	  prospecUve	  et	  mulUcentrique,	   réalisée	  en	  France	  
dans	   14	   centres;	   acUvité	   annuelle	   ≥	   500	   paUents	   ayant	   une	   chirurgie	  
cardiaque	  avec	  CirculaUon	  Extra-‐Corporelle	  (CEC).	  	  

•  Les	  invesUgateurs	  de	  l’étude	  =	  médecins	  anesthésistes-‐réanimateurs.	  	  

•  3.000	  paUents	  éligibles	  (dont	  300	  ayant	  reçu	  ≥1	  concentré	  de	  fibrinogène	  
(CF))	  devant	  bénéficier	  d’une	   chirurgie	   cardiaque	  avec	  CEC	  devaient	  être	  
inclus	   sur	   une	   période	   de	   13	   mois	   et	   suivis	   pendant	   1	   semaine	   après	  
l’intervenUon	   chirurgicale	   et	   tout	   au	   long	   de	   leur	   hospitalisaUon	   dans	   le	  
service	  de	  réanimaUon.	  
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ObjecUf	  de	  l’étude	  
•  Analyser	  le	  respect	  des	  recommandaUons	  ESA	  2017	  concernant	  la	  
prescripUon	  des	  concentrés	  de	  fibrinogène	  (CF)	  chez	  les	  paUents	  
ayant	  bénéficié	  d’une	  chirurgie	  cardiaque	  
–  Saignement	  (définiUons	  ?	  )	  
–  ConcentraUon	  mesurée/suspectée	  de	  fibrinogène	  <	  2	  g/L	  

•  Tous	  les	  paUents	  de	  l’étude	  apparUennent	  à	  un	  des	  4	  groupes	  
suivants	  
–  R	  -‐	  /P	  –	  (pas	  de	  recommandaUon/	  pas	  de	  prescripUon)	  
–  R-‐	  P+	  
–  R+/P+	  
–  R+/P-‐	  	  
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Critères	  d’inclusion	  

•  PaUents	  >	  18	  ans	  	  

•  PaUent	   ayant	   accepté	   de	   parUciper	   à	   l’étude	   à	   l’aide	   de	   la	  
noUce	  d’informaUon	  

•  PaUent	  devant	  bénéficier	  d’une	  chirurgie	  cardiaque	  avec	  CEC	  
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Calendrier	  de	  l’étude	  

•  Date	  d'entrée	  du	  séjour	  du	  1er	  paUent	  :	  03/03/2017	  

•  Date	  d'entrée	  du	  séjour	  du	  dernier	  paUent	  :	  10/04/2018	  

•  Durée	  des	  inclusions	  :	  13,2	  mois	  

•  Nb	  de	  paUents	  inclus	  :	  2.665	  

•  Nb	  de	  centres	  :	  14	  
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PopulaUons	  d’analyse	  

•  PaUents	  opérés	  sur	  la	  période	  de	  l’étude*	  :	  ≥	  4.281	  

•  PaUents	  inclus	  :	  2.665	  

•  PaUents	  éligibles	  :	  2.665	  (100%)	  

•  PaUents	  ayant	  reçu	  ≥	  1	  CF	  (P+)	  :	  374	  (14,0%)	  

•  PaUents	  n’ayant	  pas	  reçu	  de	  CF	  (P-‐)	  :	  2.291	  (86,0%)	  

	  
FibCard	  V1.0	  13/09/2019	  

*	  Dans	  un	  centre,	  le	  nombre	  de	  paUents	  opérés	  manquant	  a	  été	  remplacé	  par	  le	  nombre	  de	  paUents	  inclus.	  



PrescripUon	  de	  CF	  par	  centre	  
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P-‐	  =	  PaUents	  n’ayant	  pas	  reçu	  de	  CF	  :	  2.291	  (86,0%)	  

P+	  =	  PaUents	  ayant	  reçu	  ≥	  1	  CF	  :	  374	  (14,0%)	  

Taux	  de	  prescripUon	  
entre	  <1%	  et	  31%.	  	  



Saignement	  dans	  les	  drains	  
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1ière	  administraHon	  
(n=374)	  

2ième	  administraHon	  
(n=80)	  

Pré	   Post	   Pré	   Post	  

Saignement	  global	  (mL)	   0	  [0	  ;	  110]	  
	  

685	  [490	  ;	  960]	  
(données	  manquantes	  88)	  

575	  [230	  	  ;	  	  1.330]	  
(données	  manquantes	  23)	  

1.040	  [720	  ;	  1.470]	  
	  

P-‐	  
n=2.291	  

P+	  
n=374	   p-‐value	  

H24	   470	  [340	  ;	  640]	   830	  [560	  ;	  1.250]	   p	  <	  0,001	  
H48	   625	  [455	  ;	  880]	  

(données	  manquantes	  215)	  
1.063	  [780	  ;	  1.750]	   p	  <	  0,001	  

Retrait	  des	  drains	   660	  [470	  ;	  983]	  
(données	  manquantes	  287)	  

1.230	  [798	  ;	  2.190]	  
(données	  manquantes	  54)	  

p	  <	  0,001	  



PSL	  peropératoire	  
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Traitements	  préopératoires	  

P-‐	  
n=2.291	  

P+	  
n=374	   p-‐value	  

Traitements	  anUcoagulant	   637	  (27,8%)	   123	  (32,9%)	   0,05	  

•  AVK	  
•  AOD	  
•  HNF	  
•  HBPM	  
•  Autres	  

178	  (27.94%)	  
193	  (30,3%)	  
70	  (11,0%)	  
254	  (39,9%)	  
11(1,7%)	  

48	  (39,0%)	  
36	  (29,3%)	  
26	  (21,1%)	  
26	  (21,1%)	  
3	  (2,4%)	  

NS	  
NS	  

p	  <	  0,01	  
p	  <	  0,001	  
0,05	  

Traitements	  
anUplaquehaires	  

1.311	  (57,2%)	   189	  (50,5%)	   0,05	  

•  Clopidrogel	  
•  Aspirine	  
•  Prasugrel	  
•  Autres	  	  

245	  (18,7%)	  
1.229	  (94,0%)	  

7	  (0,5%)	  
63	  (4,8%)	  

39	  (20,6%)	  
174	  (92,1%)	  
3	  (1,6%)	  
15	  (7,9%)	  

NS	  
NS	  
NS	  
NS	  
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Bilan	  préopératoire	  
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P-‐	  
n=2.291	  

P+	  
n=374	   p-‐value	  

CréaUninémie	  (µmol/L)	   85	  [71	  ;	  100]	   87	  [71	  ;	  106]	   NS	  

Hémoglobine	  (g/dL)	   13,7	  [12,5	  ;	  14,8]	   13,6	  [12,0	  ;	  14,8]	   NS	  

Plaquehes	  (G/L)	   228	  [188	  ;	  273]	   210	  [172	  ;	  251]	   p<0,001	  

Fibrinogène	  (g/L)	   3,7	  [3,1	  ;	  4,3]	   3,2	  [2,7	  ;	  4,1]	   p<0,001	  
	  

Globules	  blancs	  (G/L)	   7,3	  [6,1	  ;	  8,8]	   7,1	  [5,8	  ;	  8,7]	   NS	  



Autres	  traitements	  administrés	  

0,04%	   0,30%	   0	  
3,40%	  

18%	  

28%	  

0%	  

20%	  

40%	  

60%	  

80%	  

100%	  

N=2291	   N=374	   N=80	  

P-‐	   Avant	  la	  1ère	  administraHon	   Avant	  la	  2ème	  administraHon	  

%
	  p
aU

en
ts
	  

Novseven	   PPSB	  
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Dose	  de	  CF	  (g)	  

1,6%	   1%	  

37%	  

56%	  

6%	  
4%	  

50%	  

36%	  

0,3%	   0%	  
3%	  

1%	  2%	   1%	  
0%	  

10%	  

20%	  

30%	  

40%	  

50%	  

60%	  

1ère	  administraHon	   2ème	  administraHon	  

%
	  p
aU

en
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1g	   1,5g	   2g	   3g	   4g	   4,5g	   5g	  et	  plus	  
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Dose	  :	  3	  [1,5;	  3]	   Dose	  :	  1,5	  [1,5;	  3]	  



Doses	  autres	  traitements	  administrés	  
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P-‐	   Avant	  la	  1ère	  
administraHon	  

Avant	  la	  2ème	  
administraHon	  

Novoseven	  (mg)	   4	   10	   -‐	  

PPSB	  (UI)	  
1.000	  	  

[1.000	  ;	  1.500]	  
1.500	  	  

[1.000	  ;	  1.500]	  
1.000	  	  

[1.000	  ;	  1.500]	  

Retour	  



Chronologie	  d’administraUon	  du	  CF	  

11%	  

44%	   43%	  

0%	  
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50%	  

Pendant	  la	  CEC	   Entre	  la	  fin	  de	  la	  CEC	  et	  le	  retour	  du	  bloc	   Au	  retour	  du	  bloc	  (H0)	  ou	  après	  

%
	  p
aU

en
ts
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Délai	  entre	  le	  début	  de	  
la	  période	  et	  la	  1ère	  
administraUon	  de	  CF	  
sur	  la	  période	  (min)	  

144	  [104	  ;	  214]	  	   19	  [10	  ;	  39]	   91	  [35	  ;	  227]	  



Conclusions	  
•  14%	  P+	  mais	  variable	  d’un	  centre	  à	  l’autre	  (0-‐31%)	  
•  64%	   R-‐	   chez	   les	   P+	   mais	   difficulté	   de	   définiUon	   du	   paramètre	  
‘RecommandaUons’	  car	  évalue	  aussi	  efficacité	  =	  saignement	  à	  24h	  

•  Cependant	  P+	  globalement	  :	  	  
Ø 	  [fibrinogène]	  et	  [plaquehes]	  préopératoires	  plus	  faibles	  
Ø 	  Majorité	  de	  chirurgies	  complexes	  
Ø 	  CEC	  plus	  longue	  
Ø 	  Saignements	  plus	  abondants	  
Ø 	  Plus	  de	  complicaUons	  chirurgicales	  et	  hospitalisaUon	  plus	  longue	  
Ø 	  Plus	  de	  décès	  
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Ce	  qu’il	  	  faudrait	  faire	  en	  2019	  

•  Avoir	  des	  algorithmes	  de	  prescripUon	  des	  PSL	  et	  de	  PDS	  
– Si	  les	  ouUls	  de	  monitorage	  POC	  ne	  sont	  pas	  disponibles,	  tenter	  de	  
construire	  des	  algorithmes	  fondés	  sur	  des	  probabilités	  (données	  pre-‐	  
et	  post-‐opératoires)	  

•  Si	  un	  produit	  est	  donné	  (Concentré	  de	  Fg	  ou	  PPSB)	  
– Donner	  la	  pleine	  dose	  (pas	  de	  demi-‐mesure)	  	  


