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Objec<fs	  

– Defini<ons	  et	  contenu	  du	  PBM	  
– Transfusion	  de	  CGR	  

•  Seuils	  transfusionnels	  
•  Bruit	  de	  la	  mesure	  de	  la	  concentra<on	  d’hémoglobine	  
•  Anémie	  (normovolémique)	  d’hémodilu<on	  

– Raisonnement	  médical	  pour	  la	  décision	  de	  
transfuser	  des	  CGR	  	  



Anciennement	  

Anémie	   Transfusion	  	  
CGR	  

Seuils	  transfusionnels	  
de	  plus	  en	  plus	  bas	  (7g/dL)	  



Le	  contexte	  actuel	  de	  
connaissances/	  décisions	  

PATIENT	  BLOOD	  MANAGEMENT	  
	  



Défini<on	  de	  Pa<ent	  Blood	  Management	  

“the	  %mely	  applica%on	  of	  evidence	  based	  medical	  
and	  surgical	  concepts	  designed	  to	  	  maintain	  
haemoglobin	  concentra%on,	  op%mise	  haemostasis	  
and	  minimise	  blood	  loss	  in	  an	  effort	  to	  improve	  
pa%ent	  outcome”	  
“L’applica<on	  à	  temps	  des	  pra<ques	  médicales/
chirurgicales,	  fondées	  sur	  des	  preuves,	  conçues	  
pour	  maintenir	  la	  concentra<on	  d’hémoglobine,	  
op<miser	  l’hémostase	  et	  minimiser	  les	  pertes	  
sanguines	  dans	  un	  effort	  d’améliora<on	  des	  
résultats-‐pa<ent	  (outcome)”	  

Society	  for	  the	  Advancement	  of	  Blood	  Management	  (SABM).	  h[p://www.sabm.org.	  
[accessed	  06/04/2015].	  
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A signi!cant percentage of patients present to surgery with anaemia.55 Surgery and blood loss
induce or contribute further to anaemia. Blood loss and anaemia (or the haemoglobin value) are
common triggers for transfusion. Some work suggests that transfusion may contribute to more
bleeding.75–77 This triad of anaemia, blood loss and transfusion also represents three modi!able risk
factors, and can be modi!ed with the application of the three pillars of PBM, namely, (1) optimise the
patient’s red cell mass, (2) minimise blood loss and (3) harness and optimise the patient’s physiological
anaemia reserve. In surgical patients these three pillars are applied in three integrated phases, the pre-,
intra- and postoperative phase. Accordingly, as part of an implementation plan for the WA PBMP,
a three-pillar nine-!eld matrix (Fig. 3) of the multiple perioperative PBM strategies was designed
around which clinical education and programme implementation could be structured. The emphasis is
on optimising, conserving and managing the patient’s own blood and haemopoietic and haemostatic
systems in the perioperative period in order to minimise the triad of risk factors.

In medical, haematology and oncology patients, the three-pillar principle may be applied pre-,
intra- and post-event with strategies focussing on optimising haemopoiesis, reducing blood loss and
bleeding and using the increased knowledge of the physiological responses to and tolerance and
management of anaemia.34

Baseline of WA practice

Part of the challenge of making changes in Australia is the existence of two relatively independent
systems of care: (1) universally accessible, free hospital services – largely owned and managed by the

Fig. 3. The 3-pillar 9-!eld matrix of perioperative patient blood management. This matrix, designed for the Western Australia
Patient Blood Management Program, highlights the multiple patient blood management strategies that may be considered in the
perioperative period in a patient/procedure-speci!c context. Adapted from Hofmann A, Friedman D, Farmer S. Western Australian
patient blood management project 2008–2012: analysis, strategy, implementation and !nancial projections. Western Australia
Department of Health 2007; 1–154.

S.L. Farmer et al. / Best Practice & Research Clinical Anaesthesiology 27 (2013) 43–5848
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Diagnos<quer	  	  
l’anémie	  

Opérer	  quand	  
l’anémie	  est	  
corrigée	  

Interpréter	  
Hémodilu<on	  

anémie	  

Un	  plan	  	  
d’épargne	  
sanguine	  
Cell-‐saver	  

Normothermie	  
Tolérance	  	  
anémie	  
Etc.	  

Mesure	  de	  l’Hb	  
Bruit	  mesure	  
Valeurs	  seuils	  

Eviter	  	  
Hypovolemie/	  
hypoxémie	  
ET	  anémie	  
Augmenter	  	  

DaO2	  
Diminuer	  VO2	  	  

Seuils	  	  
Transfusionnels	  

restric<fs	  	  
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Défini<ons	  de	  l’anémie	  

Les	  mécanismes	  de	  l’anémie	  n’interviennent	  pas	  
dans	  les	  défini<ons	  



QCM	  N°1	  
•  Parmi	  les	  ques<ons	  suivantes	  concernant	  l’anémie	  per-‐

opéra<ore,	  lesquelles	  sont	  vraies	  (plusieurs	  réponses	  
correctes	  possibles)	  
–  1.	  L’anémie,	  quelle	  que	  soit	  sa	  sévérité,	  est	  associée	  à	  une	  
augmenta<on	  de	  la	  morbi-‐mortalité	  post-‐opératoires	  	  

–  2.	  Ces	  seuils	  de	  défini<on	  de	  l’anémie	  sont	  robustes	  parce	  
que	  la	  concentra<on	  d’hémoglobine	  est	  une	  valeur	  fiable	  
(peu/pas	  de	  bruit	  de	  la	  mesure	  de	  l’hémoglobine)	  	  

–  3.	  	  La	  transfusion	  de	  CGR	  corrige	  toujours	  le	  risque	  lié	  à	  
l’anémie	  	  

–  4.	  L’anémie	  hypovolémique	  est	  plus	  dangereuse	  que	  
l’anémie	  normovolémique	  	  



Prévalence	  de	  l’anémie	  pré-‐
opératoire	  

38.77O	  pa<ents	  (27	  pays,	  474	  hôpitaux)	  
	  30,1	  %	  (11.675)	  de	  pa#ents	  anémiques	  
	   	  Anémie	  mineure	  (>11	  g/dL;	  52	  %;	  6074)	  
	   	  Anémie	  modérée	  (>	  8	  g/dL;	  43,9	  %;	  5124)	  
	   	  Anémie	  sévère	  (<	  8	  g/dL;	  4.1	  %;	  477)	  

	  
Polycythémie	  (1,3	  %;	  500)	  	  



Mortalité	  J30	  	   Complica<ons	  J30	  	  



Risque	  très	  élevé	  si	  :	  agé;	  ASA	  >	  3	  ou	  4;	  chirurgie	  majeure;	  anémie	  >	  modérée	  	  	  
(	  Hb	  >	  12	  g/dL	  chez	  les	  hommes	  et	  11	  g/dL	  chez	  les	  femmes)	  	  



Messages	  
•  L’anémie	  est	  fréquente	  dans	  la	  popula<on	  
générale	  

•  L’anémie	  pré-‐	  et	  post-‐opératoires	  	  
– Associée	  de	  manière	  indépendante	  à	  une	  
augmenta<on	  de	  la	  morbidité/mortalité,	  même	  
lorsqu’elle	  est	  modérée	  (au	  dessus	  des	  seuils	  
transfusionnels)	  

– Rechecher,	  diagnos<quer	  et	  traiter	  l’anémie	  pré-‐	  
et	  post-‐opératoire	  (même	  si	  la	  valeur	  
d’hémoglobine	  est	  >>>	  au	  seuils	  transfusionnels)	  

– L’anémie	  ferriprive	  (fer	  IV/PO,	  EPO,	  délais)	  



Le	  saignement	  est	  un	  facteur	  de	  
risque	  de	  morbi-‐mortalité	  post-‐

opératoires	  

Il	  faut	  minimiser	  le	  saignement	  per-‐
opératoire	  (acide	  tranexamique,	  
chirurgie,	  hémostase	  chirurgicale,	  

normothermie,	  etc.)	  

Message	  



La	  transfusion	  (de	  CGR)	  est,	  le	  
plus	  souvent,	  délétère.	  Elle	  est	  

parfois	  bénéfique	  

Message	  



Problème	  des	  seuils	  
transfusionnels	  



QCM	  3	  
•  Parmi	  les	  proposi<ons	  suivantes	  concernant	  les	  seuils	  

transfusionnels,	  lesquelles	  vous	  paraissent	  vraies	  ?	  	  
–  1.	  Le	  seuil	  transfusionnel	  restric<f	  (indique	  la	  transfusion	  
de	  CGR)	  	  est	  défini	  par	  une	  valeur	  d’Hb	  <	  7	  g/dL	  

–  2.	  Le	  seuil	  transfusionnel	  restric<f	  (indique	  la	  transfusion	  
de	  CGR)	  	  est	  défini	  par	  une	  valeur	  d’Hb	  <	  7-‐8	  	  g/dL	  

–  3.	  Un	  seuil	  transfusionnel	  libéral	  est	  défini	  (indique	  la	  
transfusion	  de	  CGR)	  si	  Hb	  <	  10	  g/dL	  

–  4.	  Un	  seuil	  transfusionnel	  libéral	  est	  défini	  (indique	  la	  
transfusion	  de	  CGR)	  si	  Hb	  <9-‐	  10	  g/dL	  



QCM	  4	  

•  Une	  transfusion	  de	  CGR	  par	  excès	  est	  définie	  
par	  le	  critère	  suivant	  (une	  ou	  plusieurs	  
réponses	  correctes	  possibles)	  
– 1.	  Une	  valeur	  d’Hb	  >	  12	  g/dL	  après	  transfusion	  de	  
CGR	  

– 2.	  Une	  valeur	  d’Hb	  >	  10	  g/dL	  après	  transfusion	  de	  
CGR	  

– 3.	  Une	  valeur	  d’Hb	  >	  9	  g/dL	  après	  transfusion	  de	  
CGR	  	  

– 4.	  Je	  ne	  sais	  pas	  	  



QCM	  5	  

•  Les	  seuils	  transfusionnels	  restric<fs	  ne	  
s’appliquent	  pas	  aux	  pa<ents	  (plusieurs	  
réponses	  correctes	  possibles)	  
– 1.	  Ayant	  une	  cardiopathie	  
– 2.	  Ayant	  un	  état	  de	  choc	  sep<que	  
– 3.	  Ayant	  une	  coronaropathie	  stable	  
– 4.	  Ayant	  une	  coronaropathie	  instable	  	  



Seuils	  transfusionnels	  de	  CGR	  

Pa<ents	  de	  réanima<on/	  	  
	  choc	  sep<que	  

	  



This	  ar<cle	  was	  published	  on	  October	  1,	  2014,	  at	  NEJM.org.	  
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BACKGROUND
Blood transfusions are frequently given to patients with septic shock. However, the 
benefits and harms of different hemoglobin thresholds for transfusion have not 
been established.
METHODS
In this multicenter, parallel-group trial, we randomly assigned patients in the inten-
sive care unit (ICU) who had septic shock and a hemoglobin concentration of 9 g 
per deciliter or less to receive 1 unit of leukoreduced red cells when the hemoglobin 
level was 7 g per deciliter or less (lower threshold) or when the level was 9 g per 
deciliter or less (higher threshold) during the ICU stay. The primary outcome mea-
sure was death by 90 days after randomization.
RESULTS
We analyzed data from 998 of 1005 patients (99.3%) who underwent randomiza-
tion. The two intervention groups had similar baseline characteristics. In the ICU, 
the lower-threshold group received a median of 1 unit of blood (interquartile range, 
0 to 3) and the higher-threshold group received a median of 4 units (interquartile 
range, 2 to 7). At 90 days after randomization, 216 of 502 patients (43.0%) assigned 
to the lower-threshold group, as compared with 223 of 496 (45.0%) assigned to the 
higher-threshold group, had died (relative risk, 0.94; 95% confidence interval, 0.78 
to 1.09; P = 0.44). The results were similar in analyses adjusted for risk factors at 
baseline and in analyses of the per-protocol populations. The numbers of patients 
who had ischemic events, who had severe adverse reactions, and who required life 
support were similar in the two intervention groups.
CONCLUSIONS
Among patients with septic shock, mortality at 90 days and rates of ischemic events 
and use of life support were similar among those assigned to blood transfusion at a 
higher hemoglobin threshold and those assigned to blood transfusion at a lower 
threshold; the latter group received fewer transfusions. (Funded by the Danish Stra-
tegic Research Council and others; TRISS ClinicalTrials.gov number, NCT01485315.)

The New England Journal of Medicine 
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This	  ar<cle	  was	  published	  	  
on	  October	  1,	  2014,	  at	  NEJM.org.	  

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e
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tic shock who were in the ICU, we observed no 
significant differences in mortality at 90 days, in 
the numbers of patients with ischemic events or 
with severe adverse reactions, in the use of life 
support, or in the numbers of days alive and out 
of the hospital between the group of patients 
who underwent transfusion at a lower hemoglo-
bin threshold and the group of those who under-
went transfusion at a higher hemoglobin thresh-
old. Similar results were observed in subgroups 
of patients with chronic cardiovascular disease, 
with older age, or with greater disease severity. 
The patients in the lower-threshold group re-

ceived 50% fewer units of blood than those in the 
higher-threshold group, and 36% of the patients 
in the lower-threshold group did not undergo 
transfusion in the ICU, as compared with 1% of 
the patients in the higher-threshold group.

Our results are consistent with those ob-
tained in the TRICC trial, which assessed a 
lower versus higher hemoglobin threshold for 
blood transfusion in a broad population of adult 
patients in the ICU.9 In that trial, there were no 
significant differences in mortality at 30 days in 
the full trial population (the primary outcome) 
or among patients 55 years of age or older or 

Table!1.!Characteristics!of!the!Trial!Patients!at!Baseline.*

Characteristic

Lower!Hemoglobin!!
Threshold!!
(N!=!502)

Higher!Hemoglobin!
Threshold
(N!!!!!!!!!!=!496)

Age — yr

Median 67 67

Interquartile range 57–73 58–75

Male sex — no. (%) 272 (54.2) 259 (52.2)

Chronic cardiovascular disease — no. (%)†  75 (14.9) 66 (13.3)

Chronic lung disease — no. (%)‡ 111 (22.1) 102 (20.6)

Hematologic cancer — no. (%) 39 (7.8) 36 (7.3)

Admission to a university hospital — no. (%) 323 (64.3) 324 (65.3)

Surgery during index hospitalization — no. (%)

Emergency 191 (38.0) 217 (43.8)

Elective  59 (11.8) 53 (10.7)

Source of ICU admittance — no. (%)

Emergency department  90 (17.9) 79 (15.9)

General ward 268 (53.4) 257 (51.8)

Operating or recovery room 113 (22.5) 121 (24.4)

Other ICU 31 (6.2) 39 (7.9)

Source of sepsis — no. (%)§

Lungs 267 (53.2) 259 (52.2)

Abdomen 206 (41.0) 198 (39.9)

Urinary tract  58 (11.6) 61 (12.3)

Soft tissue  59 (11.8) 59 (11.9)

Other  50 (10.0) 47 (9.5)

Positive culture from blood or sterile site 188 (37.5) 160 (32.3)

Interval from ICU admission to randomization — hr

Median 23 20

Interquartile range 7–50 7–43

SAPS II¶

Median 51 52

Interquartile range 42–62 44–64
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Table!1.!(Continued.)

Characteristic

Lower!Hemoglobin!!
Threshold!!
(N!=!502)

Higher!Hemoglobin!
Threshold
(N!!!!!!!!!!=!496)

SOFA score!

Median 10 10

Interquartile range 8–12 8–12

Renal-replacement therapy — no. (%)**  68 (13.5)  53 (10.7)

Mechanical ventilation — no. (%)†† 345 (68.7) 350 (70.6)

* None of the differences between the two groups were significant (P"0.05). Additional details regarding baseline char-
acteristics are provided in Table S1 in the Supplementary Appendix. The lower hemoglobin threshold was defined as 
a hemoglobin level of 7 g per deciliter or less, and the higher hemoglobin threshold as a hemoglobin level of 9 g per 
deciliter or less. ICU denotes intensive care unit.

† Patients were considered to have chronic cardiovascular disease if they had any history of myocardial infarction, sta-
ble or unstable angina pectoris, chronic heart failure (defined as New York Heart Association class III or IV), cerebral 
infarction or transitory cerebral ischemia, previous treatment with nitrates, percutaneous coronary intervention, coro-
nary-artery bypass grafting, or noncoronary vascular interventions.

‡ Patients were considered to have chronic lung disease if they had any history of chronic obstructive pulmonary dis-
ease, asthma or other chronic lung disease, or any treatment with a drug indicated for chronic lung disease.

§  Some patients had more than one source of infection. Other sources of sepsis included a vascular catheter, meningi-
tis, or endocarditis or were unclear.

¶ The Simplified Acute Physiology Score (SAPS) II25 was assessed in the 24 hours before randomization. The SAPS II is 
calculated from 17 variables and ranges from 0 to 163, with higher scores indicating higher severity of disease. One 
or two of the 17 variables were missing for 77 patients in the higher-threshold group and for 99 in the lower-threshold 
group, so their values were not included here.

! The Sepsis-Related Organ Failure Assessment (SOFA)26 score was assessed in the 24 hours before randomization. 
The SOFA grades organ failure, with subscores ranging from 0 to 4 for each of six organ systems (cerebral, circula-
tion, pulmonary, hepatic, renal, and coagulation). The aggregated score ranges from 0 to 24, with higher scores indi-
cating more severe organ failure. One variable was missing for 51 patients in the higher-threshold group and for 64 in 
the lower-threshold group, so their values were not included here.

** Renal-replacement therapy was defined as therapy for acute or chronic kidney failure at randomization.
†† Mechanical ventilation was defined as invasive or noninvasive ventilation in the 24 hours before randomization.
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Figure!2.!Blood!Hemoglobin!Levels!in!Patients!in!the!ICU!at!Baseline!and!after!Randomization.

The graphs show the median daily lowest levels of blood hemoglobin in the lower-threshold group and the higher-
threshold group. Baseline values were the lowest blood hemoglobin level measured in the 24 hours before random-
ization. Day 1 was defined as the time of randomization to the end of that day and lasted a median of 15 hours in 
the lower-threshold group and 14 hours in the higher-threshold group. The I bars indicate the 25th and 75th percentiles.
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Table!1.!(Continued.)

Characteristic

Lower!Hemoglobin!!
Threshold!!
(N!=!502)

Higher!Hemoglobin!
Threshold
(N!!!!!!!!!!=!496)

SOFA score!

Median 10 10

Interquartile range 8–12 8–12

Renal-replacement therapy — no. (%)**  68 (13.5)  53 (10.7)

Mechanical ventilation — no. (%)†† 345 (68.7) 350 (70.6)

* None of the differences between the two groups were significant (P"0.05). Additional details regarding baseline char-
acteristics are provided in Table S1 in the Supplementary Appendix. The lower hemoglobin threshold was defined as 
a hemoglobin level of 7 g per deciliter or less, and the higher hemoglobin threshold as a hemoglobin level of 9 g per 
deciliter or less. ICU denotes intensive care unit.

† Patients were considered to have chronic cardiovascular disease if they had any history of myocardial infarction, sta-
ble or unstable angina pectoris, chronic heart failure (defined as New York Heart Association class III or IV), cerebral 
infarction or transitory cerebral ischemia, previous treatment with nitrates, percutaneous coronary intervention, coro-
nary-artery bypass grafting, or noncoronary vascular interventions.

‡ Patients were considered to have chronic lung disease if they had any history of chronic obstructive pulmonary dis-
ease, asthma or other chronic lung disease, or any treatment with a drug indicated for chronic lung disease.

§  Some patients had more than one source of infection. Other sources of sepsis included a vascular catheter, meningi-
tis, or endocarditis or were unclear.

¶ The Simplified Acute Physiology Score (SAPS) II25 was assessed in the 24 hours before randomization. The SAPS II is 
calculated from 17 variables and ranges from 0 to 163, with higher scores indicating higher severity of disease. One 
or two of the 17 variables were missing for 77 patients in the higher-threshold group and for 99 in the lower-threshold 
group, so their values were not included here.

! The Sepsis-Related Organ Failure Assessment (SOFA)26 score was assessed in the 24 hours before randomization. 
The SOFA grades organ failure, with subscores ranging from 0 to 4 for each of six organ systems (cerebral, circula-
tion, pulmonary, hepatic, renal, and coagulation). The aggregated score ranges from 0 to 24, with higher scores indi-
cating more severe organ failure. One variable was missing for 51 patients in the higher-threshold group and for 64 in 
the lower-threshold group, so their values were not included here.

** Renal-replacement therapy was defined as therapy for acute or chronic kidney failure at randomization.
†† Mechanical ventilation was defined as invasive or noninvasive ventilation in the 24 hours before randomization.
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The graphs show the median daily lowest levels of blood hemoglobin in the lower-threshold group and the higher-
threshold group. Baseline values were the lowest blood hemoglobin level measured in the 24 hours before random-
ization. Day 1 was defined as the time of randomization to the end of that day and lasted a median of 15 hours in 
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those with more severe disease; these two sub-
groups may best resemble our patients. Our re-
sults are also in line with those of a large trial 
involving high-risk patients after hip surgery, 
the Transfusion Trigger Trial for Functional Out-
comes in Cardiovascular Patients Undergoing 
Surgical Hip Fracture Repair (FOCUS) trial,27 
and the Cochrane meta-analysis of trials of trans-
fusion thresholds, both of which support restric-
tive transfusion to reduce the use of blood in 
patients with preexisting cardiovascular disease.28 
An important exception is patients with acute myo-
cardial infarction, who were excluded both from 
our trial and from the FOCUS trial.27 Research 
is needed to assess the safety of lower hemoglo-
bin thresholds for transfusion in these patients.12

The effect of transfusion thresholds on rates 
of myocardial infarction may have differed among 

the three trials. In the TRICC trial, significantly 
increased rates of myocardial infarction were 
observed with a higher transfusion threshold,9 
whereas the opposite was observed in the FOCUS 
trial and in our trial, although the numerical 
differences were not significant in either of these 
two trials.27 In our trial, myocardial infarction 
was not a prespecified outcome measure (the 
data are provided in the Supplementary Appen-
dix); we did not specify surveillance testing for 
myocardial ischemia in the protocol and may 
have missed some events. This may also have 
resulted in detection bias because the clinicians 
and investigators were not unaware of the inter-
vention assignments.

We observed no harm with an excess transfu-
sion of a median of 3 units of blood, a finding 
that is contrary to most of the observational data 

Table!2.!Primary!and!Secondary!Outcome!Measures.*

Outcome
Lower!Hemoglobin!!

Threshold
Higher!Hemoglobin!!

Threshold
Relative!Risk!!

(95%!CI) P!Value

Primary outcome: death by day 90 — no./total no. (%) 216/502 (43.0) 223/496 (45.0) 0.94 (0.78–1.09)  0.44†

Secondary outcomes‡

Use of life support — no./total no. (%)§

At day 5 278/432 (64.4) 267/429 (62.2) 1.04 (0.93–1.14)  0.47†

At day 14 140/380 (36.8) 135/367 (36.8) 0.99 (0.81–1.19)  0.95†

At day 28 53/330 (16.1)  64/322 (19.9) 0.77 (0.54–1.09)  0.14†

Ischemic event in the ICU — no./total no. (%)¶ 35/488 (7.2) 39/489 (8.0) 0.90 (0.58–1.39)  0.64!

Severe adverse reaction — no./total no. (%)** 0/488  1/489 (0.2) — 1.00

Alive without vasopressor or inotropic therapy — 
mean % of days††

73 75 — 0.93

Alive without mechanical ventilation — mean %  
of days††

65 67 — 0.49

Alive without renal-replacement therapy — mean % 
of days††

85 83 — 0.54

Alive and out of the hospital — mean % of days†† 30 31 — 0.89

* CI denotes confidence interval.
† Logistic-regression analyses were adjusted for the stratification variables (study site and presence or absence of hematologic cancer). The 

results of the unadjusted outcome analyses are provided in Table S11 in the Supplementary Appendix.
‡ A total of 21 patients — 14 in the lower-threshold group and 7 in the higher-threshold group — did not wish to be included in the follow-

up, so data regarding secondary outcome measures are missing for these patients.
§ Use of life support was defined as infusion of vasopressor or inotropic agents or the use of invasive or noninvasive mechanical ventilation 

or renal-replacement therapy on those days. The total number of patients decreased because patients died. See Table S13 in the Supple-
mentary Appendix.

¶ An ischemic event in the ICU was defined as one or more events of acute myocardial, cerebral, intestinal, or limb ischemia. See Table S13 
in the Supplementary Appendix.

! Logistic-regression analyses were adjusted for the presence of hematologic cancer. Adjustment according to study site was not possible, 
because there were zero events at four study sites.

** A severe adverse reaction was defined as allergic reaction, hemolysis, transfusion-associated acute lung injury, or transfusion-associated 
circulatory overload. See Table S13 in the Supplementary Appendix.

†† The mean percentage of days was calculated as the number of days without vasopressor, ventilator, or renal-replacement therapy, divided 
by the number of days alive during the 90-day follow-up period, or as the number of days out of the hospital, divided by the number of 
days alive during the 90-day follow-up period.
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Figure!3.!Time!to!Death!and!Relative!Risk!of!Death!at!90!Days.
Panel A shows the survival curves, with data censored at 90 days, in the two intervention groups in the intention-to-
treat population. Kaplan–Meier analysis showed that the survival time did not differ significantly between the two groups 
(P = 0.41 by Cox regression analysis, with adjustment for the stratification variables). Panel B shows the relative risks 
(black boxes) with 95% confidence intervals (horizontal lines) for the primary outcome measure of death by day 90 in 
the lower-threshold group, as compared with the higher-threshold group, among all the patients and in the three pre-
specified subgroups, as assessed by means of logistic-regression analysis, with adjustment for the stratification vari-
ables. The size of each black box is proportional to the size of the corresponding subgroup. Chronic cardiovascular 
disease was defined as any history of myocardial infarction, any history of stable or unstable angina pectoris, previous 
treatment with nitrates, percutaneous coronary intervention, coronary-artery bypass grafting or noncoronary vascular 
interventions, any history of chronic heart failure (defined as New York Heart Association class III or IV), or any history 
of cerebral infarction or transitory cerebral ischemia. The Simplified Acute Physiology Score (SAPS) II25 is calculated 
from 17 baseline variables; scores range from 0 to 163, with higher scores indicating higher severity of disease. A total 
of 1 or 2 of the 17 variables were missing for 77 patients in the higher-threshold group and for 99 in the lower-threshold 
group. In this analysis, these missing variables were considered to be within the normal range, thereby not contributing 
to the composite SAPS II of these patients.
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Panel A shows the survival curves, with data censored at 90 days, in the two intervention groups in the intention-to-
treat population. Kaplan–Meier analysis showed that the survival time did not differ significantly between the two groups 
(P = 0.41 by Cox regression analysis, with adjustment for the stratification variables). Panel B shows the relative risks 
(black boxes) with 95% confidence intervals (horizontal lines) for the primary outcome measure of death by day 90 in 
the lower-threshold group, as compared with the higher-threshold group, among all the patients and in the three pre-
specified subgroups, as assessed by means of logistic-regression analysis, with adjustment for the stratification vari-
ables. The size of each black box is proportional to the size of the corresponding subgroup. Chronic cardiovascular 
disease was defined as any history of myocardial infarction, any history of stable or unstable angina pectoris, previous 
treatment with nitrates, percutaneous coronary intervention, coronary-artery bypass grafting or noncoronary vascular 
interventions, any history of chronic heart failure (defined as New York Heart Association class III or IV), or any history 
of cerebral infarction or transitory cerebral ischemia. The Simplified Acute Physiology Score (SAPS) II25 is calculated 
from 17 baseline variables; scores range from 0 to 163, with higher scores indicating higher severity of disease. A total 
of 1 or 2 of the 17 variables were missing for 77 patients in the higher-threshold group and for 99 in the lower-threshold 
group. In this analysis, these missing variables were considered to be within the normal range, thereby not contributing 
to the composite SAPS II of these patients.

The New England Journal of Medicine 
Downloaded from nejm.org at INSERM DISC DOC on April 14, 2015. For personal use only. No other uses without permission. 

 Copyright © 2014 Massachusetts Medical Society. All rights reserved. 

This	  ar<cle	  was	  published	  	  
on	  October	  1,	  2014,	  at	  NEJM.org.	  



Seuils	  transfusionnels	  

Chirurgie	  cardiaque	  adulte	  
Pa<ents	  ayant	  une	  cardiopathie	  



The new england  
journal of medicine

n engl j med 372;11 nejm.org March 12, 2015 997

established in 1812 March 12, 2015 vol. 372 no. 11

From the British Heart Foundation, De-
partment of Cardiovascular Sciences, 
University of Leicester, and Glenfield 
General Hospital, Leicester (G.J.M.), 
Bristol Heart Institute, School of Clinical 
Sciences, University of Bristol, Bristol 
Royal Infirmary, Bristol (K.P., C.A.R., 
G.D.A., B.C.R.), and Health Economics 
Research Centre, Nuffield Department of 
Population Health, University of Oxford, 
Oxford (S.W., E.A.S.) — all in the United 
Kingdom. Address reprint requests to Dr. 
Reeves at the Bristol Heart Institute, 
School of Clinical Sciences, University of 
Bristol, Bristol Royal Infirmary, Bristol 
BS2 8HW, United Kingdom, or at  barney 
. reeves@  bristol . ac . uk.

* A complete list of investigators in the 
Transfusion Indication Threshold Re-
duction (TITRe2) study is provided in 
the Supplementary Appendix, available 
at NEJM.org.

N!Engl!J!Med!2015;372:997-1008.
DOI:!10.1056/NEJMoa1403612
Copyright © 2015 Massachusetts Medical Society.

BACKGROUND
Whether a restrictive threshold for hemoglobin level in red-cell transfusions, as 
compared with a liberal threshold, reduces postoperative morbidity and health 
care costs after cardiac surgery is uncertain.

METHODS
We conducted a multicenter, parallel-group trial in which patients older than 16 years 
of age who were undergoing nonemergency cardiac surgery were recruited from 
17 centers in the United Kingdom. Patients with a postoperative hemoglobin level 
of less than 9 g per deciliter were randomly assigned to a restrictive transfusion 
threshold (hemoglobin level <7.5 g per deciliter) or a liberal transfusion threshold 
(hemoglobin level <9 g per deciliter). The primary outcome was a serious infection 
(sepsis or wound infection) or an ischemic event (permanent stroke [confirmation 
on brain imaging and deficit in motor, sensory, or coordination functions], myo-
cardial infarction, infarction of the gut, or acute kidney injury) within 3 months 
after randomization. Health care costs, excluding the index surgery, were estimated 
from the day of surgery to 3 months after surgery.

RESULTS
A total of 2007 patients underwent randomization; 4 participants withdrew, leav-
ing 1000 in the restrictive-threshold group and 1003 in the liberal-threshold group. 
Transfusion rates after randomization were 53.4% and 92.2% in the two groups, 
respectively. The primary outcome occurred in 35.1% of the patients in the restric-
tive-threshold group and 33.0% of the patients in the liberal-threshold group (odds 
ratio, 1.11; 95% confidence interval [CI], 0.91 to 1.34; P = 0.30); there was no indi-
cation of heterogeneity according to subgroup. There were more deaths in the re-
strictive-threshold group than in the liberal-threshold group (4.2% vs. 2.6%; hazard 
ratio, 1.64; 95% CI, 1.00 to 2.67; P = 0.045). Serious postoperative complications, 
excluding primary-outcome events, occurred in 35.7% of participants in the re-
strictive-threshold group and 34.2% of participants in the liberal-threshold group. 
Total costs did not differ significantly between the groups.

CONCLUSIONS
A restrictive transfusion threshold after cardiac surgery was not superior to a liberal 
threshold with respect to morbidity or health care costs. (Funded by the National 
Institute for Health Research Health Technology Assessment program; Current 
Controlled Trials number, ISRCTN70923932.)
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Sensitivity and Subgroup Analyses

When additional acute kidney injury events, iden-
tified by means of routinely collected data on 
creatinine level, were included in the primary 
outcome, there was a trend toward higher risk in 
the restrictive-threshold group than in the liberal-
threshold group (odds ratio, 1.20; 95% CI, 1.00 
to 1.44; P = 0.04) (Table S11 in the Supplemen-
tary Appendix). A similar trend was seen when 
patients who received a transfusion before ran-
domization were excluded from the primary-
outcome analysis (odds ratio, 1.23; 95% CI, 0.97 
to 1.54; P = 0.08). When the primary outcome was 
restricted to serious events, there was no signifi-
cant difference between the two groups (odds 
ratio, 0.99; 95% CI, 0.77 to 1.27; P = 0.94) (Tables 
S11 and S12 in the Supplementary Appendix). A 
further sensitivity analysis showed no signifi-
cant heterogeneity among sites (P = 0.65) and no 
trend toward a null effect with increases in se-
vere nonadherence (Fig. S5 in the Supplementary 
Appendix). There was no indication of signifi-
cant heterogeneity with respect to the primary 
outcome according to subgroup (Fig. 2).

Costs
Mean costs associated with red-cell units were 
£287 ($479) in the restrictive-threshold group and 

£427 ($713) in the liberal-threshold group (P<0.001). 
Other cost components and total mean costs up 
to 3 months after surgery were similar in the two 
groups (£10,636 [$17,762] in the restrictive-thresh-
old group and £10,814 [$18,059] in the liberal-
threshold group) (Table S14 in the Supplemen-
tary Appendix).

Discussion

In the TITRe2 trial, we tested the hypothesis 
that the use of a restrictive threshold, as com-
pared with a liberal threshold, for the transfu-
sion of red cells after cardiac surgery in adults 
would reduce postoperative morbidity and costs. 
We observed no significant between-group dif-
ference with respect to the primary composite 
outcome. This finding cannot be explained by 
the possibility that the study did not have ade-
quate power, since the power of the study was 
greater than that planned because of the higher-
than-expected frequency of the outcome. There 
were also no significant differences in outcome 
according to hemoglobin threshold in prespeci-
fied subgroup analyses, a finding that is incon-
sistent with the view that the thresholds for he-
moglobin in red-cell transfusions should be 
adjusted according to the patient’s level of risk. 
More patients in the restrictive-threshold group 
than in the liberal-threshold group died (4.2% 
vs. 2.6%). There were no significant differences 
in other secondary outcomes, including total 
costs, between the two strategies.

Our results differ from those of observational 
analyses of transfusion in patients undergoing 
cardiac surgery,36 which have uniformly showed 
that red-cell transfusion is associated with an 
increased risk of death and other serious adverse 
outcomes. The difference is probably due to the 
fact that observational analyses are confounded 
by prognostic factors that influence the decision 
to transfuse red cells. In contrast, our results are 
consistent with findings of a Cochrane review of 
randomized, controlled trials involving surgical 
patients and critically ill patients,9 in which the 
clinical outcomes in patients who received trans-
fusions with restrictive thresholds for hemoglo-
bin level were similar to those in patients who 
received transfusion with liberal thresholds.

A restrictive threshold for transfusion is 
likely to be favored because it requires the use of 
fewer units of allogeneic red cells. However, the 
results of our secondary analyses create new 

Figure!1.!Mean!Daily!Nadir!in!Hemoglobin!Level.

I bars indicate standard deviations, which were calculated independently at 
each time point.
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uncertainty regarding the use of a restrictive 
threshold for transfusion after cardiac surgery. It 
is challenging to interpret the results of second-

ary analyses when several statistical tests are 
performed,37 but the higher frequency of death 
in the restrictive-threshold group, which per-

Outcome

Restrictive!!
Transfusion!Threshold!!

(N!=!1000)

Liberal!!
Transfusion!Threshold!!

(N!=!1003) Estimated!Treatment!Effect

Odds Ratio or 
Hazard Ratio 

(95% CI) P Value

Serious!infection!or!ischemic!event:!
primary!outcome

Overall 331/944 (35.1) 317/962 (33.0) 1.11 (0.91–1.34)* 0.30

Infectious event† 238/936 (25.4) 240/954 (25.2) 1.02 (0.83–1.26)* 0.83

Sepsis 210/982 (21.4) 214/983 (21.8)

Wound infection 55/921 (6.0) 46/936 (4.9)

Ischemic event 156/991 (15.7) 139/99 (114.0) 1.16 (0.90–1.49)* 0.26

Permanent stroke 15/989 (1.5) 17/985 (1.7)

Myocardial infarction 3/987 (0.3) 4/981 (0.4)

Gut infarction 6/987 (0.6) 1/982 (0.1)

Acute kidney injury 140/989 (14.2) 122/989 (12.3)

Stage 1 49/989 (5.0) 40/989 (4.0)

Stage 2 39/989 (3.9) 35/989 (3.5)

Stage 3 50/989 (5.1) 46/989 (4.7)

Secondary!outcomes

No. of hours in ICU or high- 
dependency unit‡

Median 49.5 45.9 0.97 (0.89–1.06)§ 0.53

Interquartile range 21.9–99.7 20.1–94.8

No. of days in hospital¶

Median 7.0 7.0 1.00 (0.92–1.10)§ 0.94

Interquartile range 5.0–10.0 5.0–10.0

All-cause mortality at 90 days 42/1000 (4.2) 26/1003 (2.6) 1.64 (1.00–2.67)§ 0.045

Clinically significant pulmonary  
complications

127/979 (13.0) 116/982 (11.8) 1.11 (0.85–1.45)* 0.45

All-cause mortality at 30 days 26/1000 (2.6) 19/1003 (1.9)

*  This value is an odds ratio.
†  Since the amount of missing data was greater than 5% (owing primarily to missing data on posthospital discharge), a 

separate treatment estimate was estimated for infections that occurred before hospital discharge (according to the 
rules regarding missing data outlined in the statistical analysis plan in the study protocol). For this treatment effect, we 
estimated an odds ratio of 1.07 (95% CI, 0.85 to 1.36; P = 0.55).

‡  The duration of stay in the intensive care unit (ICU) or high-dependency unit after randomization was 0 days for 63 pa-
tients in the restrictive-threshold group and 61 patients in the liberal-threshold group; data were censored for 23 pa-
tients in the restrictive-threshold group and 15 patients in the liberal-threshold group. In addition, 37 patients in the re-
strictive-threshold group and 32 patients in the liberal-threshold group had more than one admission to the ICU or 
high-dependency unit.

§  This value is a hazard ratio.
¶  The duration of hospital stay after randomization was 0 days for 4 patients in the restrictive-threshold group and 2 pa-

tients in the liberal-threshold group; data were censored for 25 patients in the restrictive-threshold group and 17 pa-
tients in the liberal-threshold group.

Table!3.!Outcomes.
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sisted in sensitivity analyses (Table S11 in the 
Supplementary Appendix), is a cause for con-
cern. It is not clear in what way anemia that was 
attributable to the restrictive threshold may have 
resulted in an increased number of deaths. The 
difference in hemoglobin level between the 
groups was modest (1 g per deciliter), and an 
assessment of causes of death or of severe ad-
verse events that preceded death did not suggest 
a cause-and-effect relationship, although estab-
lishing a cause-and-effect relationship may have 
been an unrealistic expectation given the small 
number of deaths that occurred and given a 
medical setting (cardiac surgery) in which death 
typically occurs after a sequence of adverse 
events. A benefit from transfusion with a more 
liberal hemoglobin threshold was also suggested 
in two sensitivity analyses of the primary out-
come, one in which patients who had received a 

transfusion before randomization were excluded 
and one in which additional acute kidney injury 
events, as determined on the basis of serial data 
on creatinine levels, were included. These find-
ings seem to support a hypothesis that the use 
of a more liberal hemoglobin threshold may be 
beneficial in patients with a hemoglobin level of 
less than 9 g per deciliter after cardiac surgery.

This hypothesis is clinically plausible. The 
TITRe2 trial differs from previous large trials of 
transfusion thresholds in that all the partici-
pants had cardiovascular disease38,39; in addi-
tion, a substantial proportion of participants are 
likely to have been dependent on oxygen supple-
mentation in the immediate postoperative peri-
od.40,41 Therefore, patients undergoing cardiac 
surgery are often at the limits of their cardiovas-
cular reserve and may benefit from higher he-
moglobin levels. Such patients were excluded 

Figure!2.!Subgroup!Analyses.

The gray vertical lines represent the overall treatment estimate (solid line) and the 95% confidence interval (dashed lines) for the prima-
ry outcome as calculated for the entire analysis cohort. The sizes of the circles designating the point estimates reflect the sizes of the 
subgroups. The restrictive transfusion threshold for hemoglobin was less than 7.5 g per deciliter, and the liberal transfusion threshold 
was less than 9 g per deciliter. CABG denotes coronary-artery bypass grafting, COPD chronic obstructive pulmonary disease, GFR glo-
merular filtration rate, and LV left ventricular.

0.67 1.51.0 2.0

Liberal!Group
Better

Restrictive!Group
Better

Surgery type
CABG
Non-CABG

Age
<75 yr
!75 yr

Diabetes
Yes
No

COPD or asthma
Yes
No

Renal impairment
Estimated GFR "60
Estimated GFR >60

Sex
Male
Female

LV function
Good
Moderate or poor

Restrictive Odds!Ratio!(95%!CI)LiberalSubgroup

1.04 (0.76–1.42)
1.14 (0.89–1.46)

1.19 (0.94–1.51)
1.01 (0.72–1.42)

1.13 (0.90–1.41)
1.05 (0.69–1.59)

1.06 (0.86–1.30)
1.59 (0.93–2.71)

1.14 (0.90–1.45)
1.04 (0.74–1.47)

1.03 (0.81–1.30)
1.30 (0.92–1.84)

0.92 (0.61–1.40)

0.5

1.17 (0.94–1.46)

P!Value!for
Interaction

No.!of!
Patients

400
1487

604
1302

567
1337

239
1667

371
1535

583
1323

1145
761

  77/192 (40.1)
251/743 (33.8)

108/296 (36.5)
223/648 (34.4)

114/275 (41.5)
217/669 (32.4)

  49/106 (46.2)
282/838 (33.7)

  85/181 (47.0)
246/763 (32.2)

114/270 (42.2)
217/674 (32.2)

218/569 (38.3)
113/375 (30.1)

  85/208 (40.9)
229/744 (30.8)

  94/308 (30.5)
223/654 (34.1)

118/292 (40.4)
199/668 (29.8)

  48/133 (36.1)
269/829 (32.4)

  85/190 (44.7)
232/772 (30.1)

129/313 (41.2)
188/649 (29.0)

204/576 (35.4)
113/386 (29.3)

0.64

0.45

0.76

0.16

0.67

0.27

0.33

no. of events/total no. (%)

The New England Journal of Medicine 
Downloaded from nejm.org by DAN LONGROIS on March 12, 2015. For personal use only. No other uses without permission. 

 Copyright © 2015 Massachusetts Medical Society. All rights reserved. 

N	  Engl	  J	  Med	  2015;372:997-‐1008.	  



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med  nejm.org 1

The authors’ full names, academic de-
grees, and affiliations are listed in the Ap-
pendix. Address reprint requests to Dr. 
Mazer at the Department of Anesthesia, 
St. Michael’s Hospital, 30 Bond St., To-
ronto, ON, M5B 1W8, Canada, or at 
 mazerd@  smh . ca.

*A complete list of the TRICS investiga-
tors is provided in the Supplementary 
Appendix, available at NEJM.org.

This article was published on November 
12, 2017, at NEJM.org.

DOI:!10.1056/NEJMoa1711818
Copyright © 2017 Massachusetts Medical Society.

BACKGROUND
The effect of a restrictive versus liberal red-cell transfusion strategy on clinical out-
comes in patients undergoing cardiac surgery remains unclear.

METHODS
In this multicenter, open-label, noninferiority trial, we randomly assigned 5243 adults 
undergoing cardiac surgery who had a European System for Cardiac Operative Risk 
Evaluation (EuroSCORE) I of 6 or more (on a scale from 0 to 47, with higher scores 
indicating a higher risk of death after cardiac surgery) to a restrictive red-cell 
transfusion threshold (transfuse if hemoglobin level was <7.5 g per deciliter, start-
ing from induction of anesthesia) or a liberal red-cell transfusion threshold (trans-
fuse if hemoglobin level was <9.5 g per deciliter in the operating room or intensive 
care unit [ICU] or was <8.5 g per deciliter in the non-ICU ward). The primary com-
posite outcome was death from any cause, myocardial infarction, stroke, or new-
onset renal failure with dialysis by hospital discharge or by day 28, whichever came 
first. Secondary outcomes included red-cell transfusion and other clinical outcomes.

RESULTS
The primary outcome occurred in 11.4% of the patients in the restrictive-threshold 
group, as compared with 12.5% of those in the liberal-threshold group (absolute 
risk difference, !1.11 percentage points; 95% confidence interval [CI], !2.93 to 0.72; 
odds ratio, 0.90; 95% CI, 0.76 to 1.07; P<0.001 for noninferiority). Mortality was 
3.0% in the restrictive-threshold group and 3.6% in the liberal-threshold group 
(odds ratio, 0.85; 95% CI, 0.62 to 1.16). Red-cell transfusion occurred in 52.3% of 
the patients in the restrictive-threshold group, as compared with 72.6% of those in 
the liberal-threshold group (odds ratio, 0.41; 95% CI, 0.37 to 0.47). There were no 
significant between-group differences with regard to the other secondary outcomes.

CONCLUSIONS
In patients undergoing cardiac surgery who were at moderate-to-high risk for death, 
a restrictive strategy regarding red-cell transfusion was noninferior to a liberal strat-
egy with respect to the composite outcome of death from any cause, myocardial in-
farction, stroke, or new-onset renal failure with dialysis, with less blood transfused. 
(Funded by the Canadian Institutes of Health Research and others; TRICS III 
ClinicalTrials.gov number, NCT02042898.)

A BS TR AC T

Restrictive or Liberal Red-Cell Transfusion 
for Cardiac Surgery

C.D. Mazer, R.P. Whitlock, D.A. Fergusson, J. Hall, E. Belley-Cote, K. Connolly, 
B. Khanykin, A.J. Gregory, É. de Médicis, S. McGuinness, A. Royse, F.M. Carrier, 

P.J. Young, J.C. Villar, H.P. Grocott, M.D. Seeberger, S. Fremes, F. Lellouche, 
S. Syed, K. Byrne, S.M. Bagshaw, N.C. Hwang, C. Mehta, T.W. Painter, C. Royse, 

S. Verma, G.M.T. Hare, A. Cohen, K.E. Thorpe, P. Jüni, and N. Shehata,  
for the TRICS Investigators and Perioperative Anesthesia Clinical Trials Group*  

Original Article

The New England Journal of Medicine 
Downloaded from nejm.org on November 12, 2017. For personal use only. No other uses without permission. 

 Copyright © 2017 Massachusetts Medical Society. All rights reserved. 

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med  nejm.org 1

The authors’ full names, academic de-
grees, and affiliations are listed in the Ap-
pendix. Address reprint requests to Dr. 
Mazer at the Department of Anesthesia, 
St. Michael’s Hospital, 30 Bond St., To-
ronto, ON, M5B 1W8, Canada, or at 
 mazerd@  smh . ca.

*A complete list of the TRICS investiga-
tors is provided in the Supplementary 
Appendix, available at NEJM.org.

This article was published on November 
12, 2017, at NEJM.org.

DOI:!10.1056/NEJMoa1711818
Copyright © 2017 Massachusetts Medical Society.

BACKGROUND
The effect of a restrictive versus liberal red-cell transfusion strategy on clinical out-
comes in patients undergoing cardiac surgery remains unclear.

METHODS
In this multicenter, open-label, noninferiority trial, we randomly assigned 5243 adults 
undergoing cardiac surgery who had a European System for Cardiac Operative Risk 
Evaluation (EuroSCORE) I of 6 or more (on a scale from 0 to 47, with higher scores 
indicating a higher risk of death after cardiac surgery) to a restrictive red-cell 
transfusion threshold (transfuse if hemoglobin level was <7.5 g per deciliter, start-
ing from induction of anesthesia) or a liberal red-cell transfusion threshold (trans-
fuse if hemoglobin level was <9.5 g per deciliter in the operating room or intensive 
care unit [ICU] or was <8.5 g per deciliter in the non-ICU ward). The primary com-
posite outcome was death from any cause, myocardial infarction, stroke, or new-
onset renal failure with dialysis by hospital discharge or by day 28, whichever came 
first. Secondary outcomes included red-cell transfusion and other clinical outcomes.

RESULTS
The primary outcome occurred in 11.4% of the patients in the restrictive-threshold 
group, as compared with 12.5% of those in the liberal-threshold group (absolute 
risk difference, !1.11 percentage points; 95% confidence interval [CI], !2.93 to 0.72; 
odds ratio, 0.90; 95% CI, 0.76 to 1.07; P<0.001 for noninferiority). Mortality was 
3.0% in the restrictive-threshold group and 3.6% in the liberal-threshold group 
(odds ratio, 0.85; 95% CI, 0.62 to 1.16). Red-cell transfusion occurred in 52.3% of 
the patients in the restrictive-threshold group, as compared with 72.6% of those in 
the liberal-threshold group (odds ratio, 0.41; 95% CI, 0.37 to 0.47). There were no 
significant between-group differences with regard to the other secondary outcomes.

CONCLUSIONS
In patients undergoing cardiac surgery who were at moderate-to-high risk for death, 
a restrictive strategy regarding red-cell transfusion was noninferior to a liberal strat-
egy with respect to the composite outcome of death from any cause, myocardial in-
farction, stroke, or new-onset renal failure with dialysis, with less blood transfused. 
(Funded by the Canadian Institutes of Health Research and others; TRICS III 
ClinicalTrials.gov number, NCT02042898.)
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Characteristic
Restrictive!Threshold!

(N!=!2430)
Liberal!Threshold!

(N!=!2430)

Preoperative!characteristics
Age — yr 72±10 72±10
Male sex — no. (%) 1553 (63.9) 1586 (65.3)
Body-mass index† 28.1±6.0 28.0±5.2
EuroSCORE I‡ 7.9±1.8 7.8±1.9
Previous cardiac surgery — no. (%) 307 (12.6) 280 (11.5)
Myocardial infarction in previous 90 days — no. (%) 562 (23.1) 601 (24.7)
Left ventricular function — no./total no. (%)§

Good 1485/2430 (61.1) 1523/2427 (62.8)
Moderately reduced 733/2430 (30.2) 710/2427 (29.3)
Poor 166/2430 (6.8) 156/2427 (6.4)
Very poor 46/2430 (1.9) 38/2427 (1.6)

Diabetes mellitus — no. (%) 646 (26.6) 686 (28.2)
Treated hypertension — no. (%) 1797 (74.0) 1803 (74.2)
Emergency surgery — no. (%) 37 (1.5) 34 (1.4)
Renal function — no./total no. (%)¶

Normal 1090/2332 (46.7) 1071/2348 (45.6)
Moderately impaired 857/2332 (36.7) 866/2348 (36.9)
Severely impaired 355/2332 (15.2) 385/2348 (16.4)
Use of dialysis 30/2332 (1.3) 26/2348 (1.1)

Use of aspirin — no./total no. (%) 1274/2428 (52.5) 1293/2423 (53.4)
Hemoglobin — g/dl 13.1±1.8 13.1±1.7
Operative!characteristics
Type of surgery — no./total no. (%)

CABG only 622/2429 (25.6) 645/2430 (26.5)
CABG and valve surgery 464/2429 (19.1) 472/2430 (19.4)
CABG and other, nonvalve surgery 205/2429 (8.4) 203/2430 (8.4)
Valve surgery only 703/2429 (28.9) 716/2430 (29.5)
Other, non-CABG surgery 433/2429 (17.8) 394/2430 (16.2)

Duration of cardiopulmonary bypass — min 120±59 121±57
Intraoperative tranexamic acid — no./total no. (%) 2219/2428 (91.4) 2235/2428 (92.1)

*  Plus–minus values are means ±SD. Data from the per-protocol population (all the participants who had undergone 
randomization and who underwent surgery with cardiopulmonary bypass, except for patients who had a protocol adher-
ence of less than 90%, patients who were withdrawn from the trial by the treating physician at any time, and patients 
who withdrew consent) are presented here. Details on additional baseline characteristics of the per-protocol population 
and baseline characteristics of the intention-to-treat population are provided in Tables S1 and S2, respectively, in the Sup-
plementary Appendix. The restrictive transfusion threshold was less than 7.5 g per deciliter intraoperatively and postopera-
tively, and the liberal transfusion threshold was less than 9.5 g per deciliter intraoperatively or postoperatively in the inten-
sive care unit (ICU) or less than 8.5 g per deciliter on the non-ICU ward. There were no significant differences between the 
two groups in any of the baseline characteristics shown. Data on the preoperative hemoglobin concentration were missing 
for one patient in the restrictive-threshold group and for two in the liberal-threshold group; and data on the duration of 
cardiopulmonary bypass were missing for three and two, respectively. CABG denotes coronary-artery bypass graft.

†  Data on the body-mass index (the weight in kilograms divided by the square of the height in meters) were missing for 
one patient in the liberal-threshold group.

‡  The European System for Cardiac Operative Risk Evaluation (EuroSCORE) I provides an estimate of the risk of death 
among patients undergoing cardiac surgery. The lowest risk is denoted by a score of 0, and the highest risk by a score 
of 47; a EuroSCORE I of 6 is predictive of increased risk. Data were missing for two patients in the restrictive-threshold 
group and for three in the liberal-threshold group.

§  Left ventricular function was defined according to the following categories: good (left ventricular ejection fraction, 
!51%), moderately reduced (31 to 50%), poor (21 to 30%), and very poor ("20%).

¶  Renal function was defined according to the following categories: normal (creatinine clearance, >85 ml per minute), 
moderately impaired (50 to 85 ml per minute), severely impaired (<50 ml per minute), and use of dialysis (regardless 
of creatinine clearance).

Table!1.!Baseline!and!Operative!Characteristics.*
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BACKGROUND
The effect of a restrictive versus liberal red-cell transfusion strategy on clinical out-
comes in patients undergoing cardiac surgery remains unclear.

METHODS
In this multicenter, open-label, noninferiority trial, we randomly assigned 5243 adults 
undergoing cardiac surgery who had a European System for Cardiac Operative Risk 
Evaluation (EuroSCORE) I of 6 or more (on a scale from 0 to 47, with higher scores 
indicating a higher risk of death after cardiac surgery) to a restrictive red-cell 
transfusion threshold (transfuse if hemoglobin level was <7.5 g per deciliter, start-
ing from induction of anesthesia) or a liberal red-cell transfusion threshold (trans-
fuse if hemoglobin level was <9.5 g per deciliter in the operating room or intensive 
care unit [ICU] or was <8.5 g per deciliter in the non-ICU ward). The primary com-
posite outcome was death from any cause, myocardial infarction, stroke, or new-
onset renal failure with dialysis by hospital discharge or by day 28, whichever came 
first. Secondary outcomes included red-cell transfusion and other clinical outcomes.

RESULTS
The primary outcome occurred in 11.4% of the patients in the restrictive-threshold 
group, as compared with 12.5% of those in the liberal-threshold group (absolute 
risk difference, !1.11 percentage points; 95% confidence interval [CI], !2.93 to 0.72; 
odds ratio, 0.90; 95% CI, 0.76 to 1.07; P<0.001 for noninferiority). Mortality was 
3.0% in the restrictive-threshold group and 3.6% in the liberal-threshold group 
(odds ratio, 0.85; 95% CI, 0.62 to 1.16). Red-cell transfusion occurred in 52.3% of 
the patients in the restrictive-threshold group, as compared with 72.6% of those in 
the liberal-threshold group (odds ratio, 0.41; 95% CI, 0.37 to 0.47). There were no 
significant between-group differences with regard to the other secondary outcomes.

CONCLUSIONS
In patients undergoing cardiac surgery who were at moderate-to-high risk for death, 
a restrictive strategy regarding red-cell transfusion was noninferior to a liberal strat-
egy with respect to the composite outcome of death from any cause, myocardial in-
farction, stroke, or new-onset renal failure with dialysis, with less blood transfused. 
(Funded by the Canadian Institutes of Health Research and others; TRICS III 
ClinicalTrials.gov number, NCT02042898.)
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risk difference was within our noninferiority mar-
gin of 3 percentage points (P<0.001 for noninfe-
riority). The modified intention-to-treat analysis 
confirmed the noninferiority of the restrictive 
transfusion threshold to the liberal transfusion 
threshold (12.3% in the restrictive-threshold group 
vs. 12.9% in the liberal-threshold group; absolute 
risk difference, !0.60 percentage points; 95% CI, 
!2.38 to 1.27; odds ratio, 0.95; 95% CI, 0.81 to 
1.12). There were no significant differences be-
tween the treatment groups with regard to the 
individual components of the composite outcome 
in either the per-protocol analysis or the modified 
intention-to-treat analysis (Table 3, and Table S3 
in the Supplementary Appendix).

Mortality was 3.0% in the restrictive-threshold 
group and 3.6% in the liberal-threshold group 
(absolute risk difference, !0.53 percentage points; 
95% CI, !1.54 to 0.47; odds ratio, 0.85; 95% CI, 
0.62 to 1.16). The causes of death are listed in 
Table S4 in the Supplementary Appendix.

Approximately 40% of the patients had a pro-
longed low-output state after surgery (40.9% in 
the restrictive-threshold group and 40.6% in the 
liberal-threshold group; odds ratio, 1.01; 95% CI, 
0.90 to 1.14) (Table 3). The median duration of 
mechanical ventilation was 0.38 days (interquartile 
range, 0.22 to 0.75) in the restrictive-threshold 

group and 0.36 days (interquartile range, 0.22 to 
0.71) in the liberal-threshold group (Table 3). The 
median length of stay in the ICU was 2.1 days 
(interquartile range, 1.0 to 4.0) in the restrictive-
threshold group and 1.9 days (interquartile range, 
1.0 to 3.9) in the liberal-threshold group, and the 
median hospital stay was 8.0 days (interquartile 
range, 7.0 to 13.0) and 8.0 days (interquartile 
range, 7.0 to 12.0), respectively. The rates of all the 
other outcomes were similar in the two groups 
(Table 3).

Subgroup analyses did not show a significant 
interaction with treatment, except with regard to 
age. The restrictive transfusion strategy was as-
sociated with a lower risk of the composite out-
come than the liberal strategy among patients 
75 years of age or older (odds ratio, 0.70; 95% CI, 
0.54 to 0.89) but not among younger patients 
(odds ratio, 1.17; 95% CI, 0.91 to 1.50; P = 0.004 
for interaction) (Fig. 2). This effect was consistent 
in an analysis according to decades of age (begin-
ning at age <45 years) or with age as a continuous 
variable with the use of restricted spline model-
ing (Fig. S2 in the Supplementary Appendix). 
Adjusted analyses with the use of logistic regres-
sion to control for age, sex, status with respect 
to diabetes, left ventricular function, type of sur-
gery, and statuses with respect to preoperative re-

Figure!1.!Hemoglobin!Concentration!during!the!Trial!Period.

The restrictive transfusion threshold was less than 7.5 g per deciliter intraoperatively and postoperatively, and the 
liberal transfusion threshold was less than 9.5 g per deciliter intraoperatively or postoperatively in the intensive care 
unit (ICU) or less than 8.5 g per deciliter on the non-ICU ward. I bars indicate the standard deviation.
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BACKGROUND
The effect of a restrictive versus liberal red-cell transfusion strategy on clinical out-
comes in patients undergoing cardiac surgery remains unclear.

METHODS
In this multicenter, open-label, noninferiority trial, we randomly assigned 5243 adults 
undergoing cardiac surgery who had a European System for Cardiac Operative Risk 
Evaluation (EuroSCORE) I of 6 or more (on a scale from 0 to 47, with higher scores 
indicating a higher risk of death after cardiac surgery) to a restrictive red-cell 
transfusion threshold (transfuse if hemoglobin level was <7.5 g per deciliter, start-
ing from induction of anesthesia) or a liberal red-cell transfusion threshold (trans-
fuse if hemoglobin level was <9.5 g per deciliter in the operating room or intensive 
care unit [ICU] or was <8.5 g per deciliter in the non-ICU ward). The primary com-
posite outcome was death from any cause, myocardial infarction, stroke, or new-
onset renal failure with dialysis by hospital discharge or by day 28, whichever came 
first. Secondary outcomes included red-cell transfusion and other clinical outcomes.

RESULTS
The primary outcome occurred in 11.4% of the patients in the restrictive-threshold 
group, as compared with 12.5% of those in the liberal-threshold group (absolute 
risk difference, !1.11 percentage points; 95% confidence interval [CI], !2.93 to 0.72; 
odds ratio, 0.90; 95% CI, 0.76 to 1.07; P<0.001 for noninferiority). Mortality was 
3.0% in the restrictive-threshold group and 3.6% in the liberal-threshold group 
(odds ratio, 0.85; 95% CI, 0.62 to 1.16). Red-cell transfusion occurred in 52.3% of 
the patients in the restrictive-threshold group, as compared with 72.6% of those in 
the liberal-threshold group (odds ratio, 0.41; 95% CI, 0.37 to 0.47). There were no 
significant between-group differences with regard to the other secondary outcomes.

CONCLUSIONS
In patients undergoing cardiac surgery who were at moderate-to-high risk for death, 
a restrictive strategy regarding red-cell transfusion was noninferior to a liberal strat-
egy with respect to the composite outcome of death from any cause, myocardial in-
farction, stroke, or new-onset renal failure with dialysis, with less blood transfused. 
(Funded by the Canadian Institutes of Health Research and others; TRICS III 
ClinicalTrials.gov number, NCT02042898.)
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nal function, anemia, and pulmonary disease were 
consistent with the primary analyses (Table S3 in 
the Supplementary Appendix). Additional sensi-
tivity analyses that included patients who had 
higher or lower adherence levels or that excluded 
patients who had a protocol suspension, who 
never received a red-cell transfusion, or whose 
hemoglobin concentration was never measured 
below 9.5 g per deciliter also yielded results that 
were consistent with those of the primary outcome 
(Table S5 in the Supplementary Appendix).

Discussion

In this randomized trial involving patients with 
an elevated perioperative risk of death who were 
undergoing cardiac surgery with cardiopulmo-
nary bypass, a restrictive transfusion strategy was 
noninferior to a liberal transfusion strategy with 
regard to the composite primary outcome of death 
from any cause, myocardial infarction, stroke, or 
new-onset renal failure with dialysis. This find-
ing was consistent in both the per-protocol and 

Characteristic
Restrictive!Threshold!

(N!=!2430)
Liberal!Threshold!

(N!=!2430)
Odds!Ratio!or!Rate!Ratio!

(95%!CI)

Red-cell!transfusions!after!randomization

!1 Unit of red cells — no. (%) 1271 (52.3) 1765 (72.6) 0.41 (0.37–0.47)

No. of units of red cells transfused

Median 2 3 0.85 (0.82–0.88)*

Interquartile range 1–4 2–5

Distribution — no. (%)

0 1159 (47.7) 665 (27.4)

1 383 (15.8) 366 (15.1)

2 283 (11.6) 367 (15.1)

3 174 (7.2) 267 (11.0)

4 140 (5.8) 225 (9.3)

!5 291 (12.0) 540 (22.2)

Intraoperative red-cell transfusion

No. of patients with transfusion (%) 674 (27.7) 1259 (51.8) 0.36 (0.32–0.40)

Median no. of units transfused 2 2 0.88 (0.82–0.95)*

Interquartile range 1–3 1–3

Postoperative red-cell transfusion in ICU

No. of patients with transfusion (%) 867 (35.7) 1253 (51.6) 0.52 (0.46–0.58)

Median no. of units transfused 2 2 0.98 (0.93–1.04)*

Interquartile range 1–3 1–3

Postoperative red-cell transfusion not in ICU

No. of patients with transfusion (%) 278 (11.4) 229 (9.4) 1.24 (1.03–1.49)

Median no. of units transfused 1 1 0.78 (0.60–1.03)*

Interquartile range 1–1 1–2

Protocol suspension at any time — no. (%) 348 (14.3) 270 (11.1) 1.34 (1.13–1.58)

Other!transfusions

Plasma — no. (%) 571 (23.5) 658 (27.1) 0.83 (0.73–0.94)

Platelets — no. (%) 700 (28.8) 716 (29.5) 0.97 (0.86–1.10)

Cryoprecipitate — no./total no. (%) 275/2334 (11.8) 275/2349 (11.7) 1.01 (0.84–1.20)

Prothrombin complex concentrate — no./total no. (%) 73/2334 (3.1) 61/2349 (2.6) 1.21 (0.86–1.71)

*  This value is a rate ratio. For all ratios, the restrictive-threshold group is in the numerator and the liberal-threshold group in the denominator.

Table!2.!Transfusion!Outcomes!in!the!Per-Protocol!Population.
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BACKGROUND
The effect of a restrictive versus liberal red-cell transfusion strategy on clinical out-
comes in patients undergoing cardiac surgery remains unclear.

METHODS
In this multicenter, open-label, noninferiority trial, we randomly assigned 5243 adults 
undergoing cardiac surgery who had a European System for Cardiac Operative Risk 
Evaluation (EuroSCORE) I of 6 or more (on a scale from 0 to 47, with higher scores 
indicating a higher risk of death after cardiac surgery) to a restrictive red-cell 
transfusion threshold (transfuse if hemoglobin level was <7.5 g per deciliter, start-
ing from induction of anesthesia) or a liberal red-cell transfusion threshold (trans-
fuse if hemoglobin level was <9.5 g per deciliter in the operating room or intensive 
care unit [ICU] or was <8.5 g per deciliter in the non-ICU ward). The primary com-
posite outcome was death from any cause, myocardial infarction, stroke, or new-
onset renal failure with dialysis by hospital discharge or by day 28, whichever came 
first. Secondary outcomes included red-cell transfusion and other clinical outcomes.

RESULTS
The primary outcome occurred in 11.4% of the patients in the restrictive-threshold 
group, as compared with 12.5% of those in the liberal-threshold group (absolute 
risk difference, !1.11 percentage points; 95% confidence interval [CI], !2.93 to 0.72; 
odds ratio, 0.90; 95% CI, 0.76 to 1.07; P<0.001 for noninferiority). Mortality was 
3.0% in the restrictive-threshold group and 3.6% in the liberal-threshold group 
(odds ratio, 0.85; 95% CI, 0.62 to 1.16). Red-cell transfusion occurred in 52.3% of 
the patients in the restrictive-threshold group, as compared with 72.6% of those in 
the liberal-threshold group (odds ratio, 0.41; 95% CI, 0.37 to 0.47). There were no 
significant between-group differences with regard to the other secondary outcomes.

CONCLUSIONS
In patients undergoing cardiac surgery who were at moderate-to-high risk for death, 
a restrictive strategy regarding red-cell transfusion was noninferior to a liberal strat-
egy with respect to the composite outcome of death from any cause, myocardial in-
farction, stroke, or new-onset renal failure with dialysis, with less blood transfused. 
(Funded by the Canadian Institutes of Health Research and others; TRICS III 
ClinicalTrials.gov number, NCT02042898.)
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modified intention-to-treat analyses as well across 
subgroups and sensitivity analyses. Fewer pa-
tients in the restrictive-threshold group than in 
the liberal-threshold group received a red-cell 
transfusion, and patients in the restrictive-thresh-
old group had fewer units of allogeneic red cells 
transfused.

Clinicians have been adopting restrictive trans-
fusion strategies in cardiac surgery with increas-
ing frequency, largely on the basis of the known 
risks of blood transfusions and of observational 
studies linking transfusion with increased mor-
tality and major morbidity.5,6,26,27 However, there 

has been some discrepancy between randomized 
trials on the one hand and observational studies 
on the other hand.28,29 The Transfusion Indica-
tion Threshold Reduction (TITRe2) clinical trial, 
in which mortality at 90 days was higher with a 
restrictive postoperative transfusion threshold 
than with a liberal threshold, aroused concerns 
within the medical community over the adoption 
of a restrictive transfusion strategy.30 Patients 
undergoing cardiac surgery have borderline car-
diovascular reserve and are exposed to intraop-
erative hemodilution, which decreases the hemo-
globin concentration, thus potentially increasing 

Characteristic
Restrictive!Threshold!

(N!=!2430)
Liberal!Threshold!

(N!=!2430)
Odds!Ratio!or!Hazard!Ratio!

(95%!CI)

Primary!outcome

Composite-outcome event — no./total no. (%) 276/2428 (11.4) 303/2429 (12.5) 0.90 (0.76–1.07)

Death — no./total no. (%) 74/2427 (3.0) 87/2429 (3.6) 0.85 (0.62–1.16)

Stroke — no./total no. (%) 45/2428 (1.9) 49/2429 (2.0) 0.92 (0.61–1.38)

Myocardial infarction — no./total no. (%) 144/2428 (5.9) 144/2429 (5.9) 1.00 (0.79–1.27)

New-onset renal failure with dialysis — no./total no. (%) 61/2428 (2.5) 72/2429 (3.0) 0.84 (0.60–1.19)

Secondary!outcomes

Length of stay in ICU

No. of patients with data 2422 2418

Median — days 2.1 1.9 0.89 (0.84–0.94)*

Interquartile range — days 1.0–4.0 1.0–3.9

Length of stay in hospital

No. of patients with data 2419 2419

Median — days 8.0 8.0 0.93 (0.88–0.99)*

Interquartile range — days 7.0–13.0 7.0–12.0

Duration of mechanical ventilation

No. of patients with data 2416 2421

Median — days 0.38 0.36 0.94 (0.89–1.00)*

Interquartile range — days 0.22–0.75 0.22–0.71

Prolonged low-output state — no./total no. (%)† 994/2429 (40.9) 987/2430 (40.6) 1.01 (0.90–1.14)

Infection — no./total no. (%) 121/2428 (5.0) 101/2429 (4.2) 1.21 (0.92–1.58)

Bowel infarction — no./total no. (%) 6/2428 (0.2) 5/2429 (0.2) 1.20 (0.37–3.94)

Acute kidney injury — no./total no. (%) 792/2332 (34.0) 797/2348 (33.9) 1.00 (0.89–1.13)

Seizure — no./total no. (%) 50/2428 (2.1) 42/2429 (1.7) 1.20 (0.79–1.81)

Delirium — no./total no. (%) 306/2428 (12.6) 264/2429 (10.9) 1.18 (0.99–1.41)

Encephalopathy — no./total no. (%) 26/2428 (1.1) 22/2429 (0.9) 1.18 (0.67–2.10)

*  This value is a hazard ratio. For all ratios, the restrictive-threshold group is in the numerator and the liberal-threshold group in the denomi-
nator.

†  A prolonged low-output state was defined as the infusion of two or more inotropes for 24 hours or more, the use of an intraaortic balloon 
pump postoperatively, or the use of a ventricular assist device postoperatively, as described in the Supplementary Appendix.

Table!3.!Primary!and!Secondary!Outcomes!in!the!Per-Protocol!Population.
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BACKGROUND
The effect of a restrictive versus liberal red-cell transfusion strategy on clinical out-
comes in patients undergoing cardiac surgery remains unclear.

METHODS
In this multicenter, open-label, noninferiority trial, we randomly assigned 5243 adults 
undergoing cardiac surgery who had a European System for Cardiac Operative Risk 
Evaluation (EuroSCORE) I of 6 or more (on a scale from 0 to 47, with higher scores 
indicating a higher risk of death after cardiac surgery) to a restrictive red-cell 
transfusion threshold (transfuse if hemoglobin level was <7.5 g per deciliter, start-
ing from induction of anesthesia) or a liberal red-cell transfusion threshold (trans-
fuse if hemoglobin level was <9.5 g per deciliter in the operating room or intensive 
care unit [ICU] or was <8.5 g per deciliter in the non-ICU ward). The primary com-
posite outcome was death from any cause, myocardial infarction, stroke, or new-
onset renal failure with dialysis by hospital discharge or by day 28, whichever came 
first. Secondary outcomes included red-cell transfusion and other clinical outcomes.

RESULTS
The primary outcome occurred in 11.4% of the patients in the restrictive-threshold 
group, as compared with 12.5% of those in the liberal-threshold group (absolute 
risk difference, !1.11 percentage points; 95% confidence interval [CI], !2.93 to 0.72; 
odds ratio, 0.90; 95% CI, 0.76 to 1.07; P<0.001 for noninferiority). Mortality was 
3.0% in the restrictive-threshold group and 3.6% in the liberal-threshold group 
(odds ratio, 0.85; 95% CI, 0.62 to 1.16). Red-cell transfusion occurred in 52.3% of 
the patients in the restrictive-threshold group, as compared with 72.6% of those in 
the liberal-threshold group (odds ratio, 0.41; 95% CI, 0.37 to 0.47). There were no 
significant between-group differences with regard to the other secondary outcomes.

CONCLUSIONS
In patients undergoing cardiac surgery who were at moderate-to-high risk for death, 
a restrictive strategy regarding red-cell transfusion was noninferior to a liberal strat-
egy with respect to the composite outcome of death from any cause, myocardial in-
farction, stroke, or new-onset renal failure with dialysis, with less blood transfused. 
(Funded by the Canadian Institutes of Health Research and others; TRICS III 
ClinicalTrials.gov number, NCT02042898.)
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the risk of anemia-induced tissue hypoxia.20 How-
ever, randomization in the TITRe2 trial did not 
occur until the postoperative period, and mor-
tality was a secondary outcome.30 The TRICS III 
trial provides compelling evidence that a restric-
tive transfusion strategy is as effective and safe as 
a liberal strategy in patients undergoing cardiac 
surgery.

Our findings are consistent with those observed 
in other fields of medicine. Restrictive transfusion 
strategies have been shown to be noninferior to 
liberal strategies in patients in the ICU,31,32 patients 

having hip surgery,28 and patients with gastroin-
testinal bleeding.33 A meta-analysis involving 
patients undergoing noncardiac surgery showed 
similar conclusions.34 Uncertainty remains regard-
ing appropriate transfusion thresholds in patients 
with acute coronary artery disease,21,35 and a mul-
ticenter trial assessing transfusion thresholds in 
patients with acute coronary syndromes is cur-
rently ongoing (Myocardial Ischemia and Trans-
fusion [MINT] trial, NCT02981407).

The TRICS III trial has limitations. Blinding 
is not feasible in a transfusion study; the lack of 

Figure!2.!Subgroup!Analyses.

The solid gray vertical line indicates the overall treatment estimate for the primary outcome in the primary analysis cohort (per-protocol 
population), and the dashed lines the 95% confidence interval. The size of the circles is proportional to the statistical precision of the 
estimates. An arrow indicates that the 95% confidence interval is outside the range shown. Data were missing for two patients in the re-
strictive-threshold group and for one in the liberal-threshold group. To convert the values for creatinine to micromoles per liter, multiply 
by 88.4. Chronic pulmonary disease was defined as the long-term use of bronchodilators or glucocorticoids for lung disease. Left ven-
tricular function was defined according to the following categories: good (left ventricular ejection fraction, !51%), moderately reduced 
(31 to 50%), poor (21 to 30%), and very poor ("20%). CABG denotes coronary-artery bypass grafting.
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BACKGROUND
The effect of a restrictive versus liberal red-cell transfusion strategy on clinical out-
comes in patients undergoing cardiac surgery remains unclear.

METHODS
In this multicenter, open-label, noninferiority trial, we randomly assigned 5243 adults 
undergoing cardiac surgery who had a European System for Cardiac Operative Risk 
Evaluation (EuroSCORE) I of 6 or more (on a scale from 0 to 47, with higher scores 
indicating a higher risk of death after cardiac surgery) to a restrictive red-cell 
transfusion threshold (transfuse if hemoglobin level was <7.5 g per deciliter, start-
ing from induction of anesthesia) or a liberal red-cell transfusion threshold (trans-
fuse if hemoglobin level was <9.5 g per deciliter in the operating room or intensive 
care unit [ICU] or was <8.5 g per deciliter in the non-ICU ward). The primary com-
posite outcome was death from any cause, myocardial infarction, stroke, or new-
onset renal failure with dialysis by hospital discharge or by day 28, whichever came 
first. Secondary outcomes included red-cell transfusion and other clinical outcomes.

RESULTS
The primary outcome occurred in 11.4% of the patients in the restrictive-threshold 
group, as compared with 12.5% of those in the liberal-threshold group (absolute 
risk difference, !1.11 percentage points; 95% confidence interval [CI], !2.93 to 0.72; 
odds ratio, 0.90; 95% CI, 0.76 to 1.07; P<0.001 for noninferiority). Mortality was 
3.0% in the restrictive-threshold group and 3.6% in the liberal-threshold group 
(odds ratio, 0.85; 95% CI, 0.62 to 1.16). Red-cell transfusion occurred in 52.3% of 
the patients in the restrictive-threshold group, as compared with 72.6% of those in 
the liberal-threshold group (odds ratio, 0.41; 95% CI, 0.37 to 0.47). There were no 
significant between-group differences with regard to the other secondary outcomes.

CONCLUSIONS
In patients undergoing cardiac surgery who were at moderate-to-high risk for death, 
a restrictive strategy regarding red-cell transfusion was noninferior to a liberal strat-
egy with respect to the composite outcome of death from any cause, myocardial in-
farction, stroke, or new-onset renal failure with dialysis, with less blood transfused. 
(Funded by the Canadian Institutes of Health Research and others; TRICS III 
ClinicalTrials.gov number, NCT02042898.)
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Anemia and blood transfusion in the
critically ill patient with cardiovascular
disease
Annemarie B. Docherty1,2* and Timothy S. Walsh1,2

Abstract

This article is one of ten reviews selected from the
Annual Update in Intensive Care and Emergency
Medicine 2017. Other selected articles can be
found online at http://ccforum.com/series/
annualupdate2017. Further information about the
Annual Update in Intensive Care and Emergency
Medicine is available from http://www.springer.
com/series/8901.

Background
Anemia and cardiovascular disease
Approximately seven million people in the United
Kingdom, and 30% of patients admitted to the ICU
have co!existing cardiovascular disease (CVD) [1–3]
and this proportion may rise as the average age of both
the general population and patients admitted to the
ICU increase. Patients with CVD will have impaired
compensatory mechanisms to enable maximum oxygen
delivery to the tissues in the event of anemia (Fig. 1).
Anemia causes an increase in cardiac output, which
stresses the heart to increase heart rate and stroke
volume. In acute illness, global oxygen demand is
increased, further stressing the heart. This is exacer-
bated by the frequent presence of tachycardia and
hypotension, which reduce blood flow to the coronary
arteries, and by catecholamines that increase myocar-
dial work. Significant left ventricular coronary flow oc-
curs only during diastole and the subendocardial
region is particularly at risk of ischemia because of the
high pressure in the left ventricle [4]. At rest, the myo-
cardium extracts approximately 75% of the oxygen

* Correspondence: annemarie.docherty@ed.ac.uk
1Department of Anaesthesia, Critical Care, Pain Medicine, and Intensive Care
Medicine, University of Edinburgh, Edinburgh, UK
2University of Edinburgh, Centre for Inflammation Research, Edinburgh, UK

delivered by coronary blood flow [5], and there is there-
fore little reserve when myocardial oxygen consumption is
increased in critical illness. Atheroma!related flow limita-
tion further compromises myocardial oxygen delivery.

Anemia and outcomes in patients with cardiovascular
disease
Anemia is associated with worse outcomes in patients
with CVD, both in terms of severity of illness, and
mortality. Anemia is a significant risk factor in ische-
mic heart disease (IHD), correlating with advanced
IHD, chronic heart failure, rhythm disturbance and
higher mortality rate in comparison to non!anemic pa-
tients [6]. Anemia is also an independent predictor of
major adverse cardiovascular events in patients across
the spectrum of acute coronary syndrome (ACS) [7].
Anemia in heart failure is associated with impaired
functional capacity and cardiac function, renal dys-
function, increased rate of hospitalizations and poor
prognosis [8]. However, these studies are all observa-
tional, and the direction of causality is difficult to
ascertain – anemia may cause the worse outcomes, or
it may be a reflection of the severity of the underlying
chronic disease. It therefore follows that correction
with red blood cells (RBCs) may not improve patient
prognosis.

Evidence from transfusion trials
All major RBC transfusion trials have compared re-
strictive with liberal transfusion strategies based on
higher versus lower hemoglobin thresholds for transfu-
sion [9–13]. Trials based in the ICU have shown that a
more restrictive transfusion threshold of 7.0 g/dl is as
safe as a more liberal threshold for the general ICU
population [9, 11, 14]. A recent systematic review did
not find any association with mortality, overall morbid-
ity or myocardial infarction when comparing restrictive
transfusion strategies with liberal transfusion strategies;
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Clinician variability in decision making
Audits of blood transfusion practice in the UK have con-
sistently shown that around 20% of blood product usage
is outside guideline recommendations [29]. This vari-
ation in practice was evident in an analysis of the ABLE
trial (Age of transfused blood in critically ill adults),
which found that the presence of co!existing CVD modi-
fied transfusion thresholds [30].

Future trial design
A pragmatic RCT of restrictive versus liberal blood
transfusion thresholds in patients with CVD with mor-
tality as a primary outcome is likely to encounter the
same difficulties as previous trials. In order to find a 5%
reduction in mortality (32 to 27%, 90% power), a two!
arm trial would require nearly 2,000 patients. Within
this population will be patients with differing severity
of cardiovascular disease, and differing severity of acute
illness, and there is again the risk of practice

misalignment. Using the ‘PICO’ model, we address
some of the difficulties a future trial might encounter
and offer some potential solutions.

Population
Critically ill patients with co!existing CVD are not all
the same. There is a spectrum of severity of both CVD
and critical illness, and it follows that the balance of
risks and benefits of transfusion may change along this
spectrum.
One approach could be to limit the trial population to

the highest risk group, such as those with high severity
of illness scores at presentation to the ICU (e. g., APA-
CHE II score > 19), or those with known coronary artery
disease. This would mean that we are focusing on the
group in which we are most likely to see a difference in
outcome between restrictive and liberal thresholds. In
addition to this, these patients have high hospital and
longer!term mortality, which may make trial numbers

Fig. 2 Systematic review: Blood transfusion thresholds in patients with cardiovascular disease (CVD). Forest plot showing risk ratios for 30!day
mortality, and risk of bias assessment for each study. *Additional risk of bias assessed as to completeness of patients recruited into clusters (this
was graded as low risk). Modified from [21] with permission
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more manageable. If no difference is found, then we
could say with confidence that patients with CVD do
not benefit from higher transfusion thresholds. However,
if there is a benefit in this high!risk group (and from
previous trials, we have seen no benefit in patients with-
out CVD), we would be unable to recommend practice
for the low!risk CVD group – patients who are either
less critically ill or have milder co!existing CVD. A sub-
sequent trial would potentially need to be undertaken in
this group.

It is physiologically appealing to design a trial that
individualizes transfusion based on patient risk of
mortality or ACS. Those patients at high risk would
be transfused at a higher threshold than those at
lower risk. Significant work would need to be carried
out modelling risk in this population to inform the
trial design, and observational studies are ongoing
[31]. An adaptive trial design, allowing the risk algo-
rithm to be informed by previous participants in the
trial would reduce the risk to patients of being

Fig. 3 Systematic review: Blood transfusion thresholds in patients with cardiovascular disease (CVD). Forest plot showing risk ratios for adverse
cardiovascular events and risk of bias assessment for each study. Modified from [21] with permission

Table 1 Table of guidelines for red blood cell transfusion in patients with cardiovascular disease
Organization Year Recommendation

for general
Recommendation for CVD

British Committee for Standards
in Haematology [38]

2013 7.0 g/dl, target
7.0–9.0 g/dl

Stable angina should have a Hb maintained > 7.0 g/dl

NICE: National Institute for Health
and Clinical Excellence [51]

2015 7.0 g/dl, target
7.0–9.0 g/dl

ACS: transfusion threshold of 8.0 g/dl, target of 8.0–10.0 g/dl
Chronic: further research

Association of Anaesthetists of Great Britain
and Ireland [52]

2016 7.0 g/dl Uncertainty remains for patients with ischemic heart disease,
higher thresholds (8.0 g/dl) may be appropriate

American Association of Blood Banks (AABB) [53] 2016 7.0 g/dl Patients with symptoms or a Hb level of 8.0 g/dl or less

ACS acute coronary syndrome, CVD cardiovascular disease, Hb hemoglobin
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Blood Transfusion During
Acute Myocardial Infarction
Association With Mortality and Variability Across Hospitals
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ABSTRACT

BACKGROUND Blood transfusion is controversial for anemic patients with acute myocardial infarction (AMI), with
some previous studies reporting increased risk of transfusion-associated mortality.

OBJECTIVES The goal of this study was to examine variability in blood transfusions across hospitals and the
relationship between blood transfusion and in-hospital mortality in a large, contemporary cohort of consecutive
AMI patients.

METHODS Among 34,937 AMI hospitalizations from 57 centers, patients receiving at least 1 packed red blood cell
transfusion were compared with those who were not transfused. Using 45 disease severity, comorbidity, laboratory,
and in-hospital treatment variables, we propensity matched patients who did and did not receive a packed red blood
cell transfusion. A conditional logistic regression model was used to identify the association between transfusion and
in-hospital mortality.

RESULTS A total of 1,778 patients (5.1%) had at least 1 transfusion. In unadjusted analyses, transfusion was associated
with higher in-hospital mortality (odds ratio: 2.05 [95% con!dence interval: 1.76 to 2.40]). The vast majority of patients
(91.1%) with and without transfusion had nonoverlapping propensity scores, re"ecting incomparable clinical pro!les.
Thus, they were excluded from the propensity-matched analyses. After propensity matching those with overlapping
scores, blood transfusion was associated with a reduced risk of in-hospital death (odds ratio: 0.73 [95% con!dence
interval: 0.58 to 0.92]).

CONCLUSIONS The majority of patients undergoing blood transfusion in clinical practice cannot be matched with
nontransfused patients due to their markedly different clinical pro!les. Among comparable patients, blood transfusion
was associated with a lower risk of in-hospital mortality. These !ndings suggest that previous observational reports
of increased mortality with transfusion may have been in"uenced by selection bias, and they highlight the need for
randomized trials to establish the role of transfusion during AMI. (J Am Coll Cardiol 2014;64:811–9) © 2014 by the
American College of Cardiology Foundation.
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recorded hemoglobin assessment and any patient
with a length of stay <1 day were also excluded. The
!nal analytic cohort included 34,937 patients with
AMI from 57 hospitals.

Blood transfusion was de!ned by using ICD-9
procedure codes for administration of packed red
blood cells, and each patient with an ICD-9 code for
packed cell administration recorded during their in-
dex hospitalization was considered to have received
a red blood cell transfusion. In-hospital mortality
was the primary outcome.

Baseline patient characteristics, laboratory values,
in-hospital treatments, and complications of patients
who received at least 1 packed red blood cell trans-
fusion were compared with those who did not. For
descriptive purposes, categorical data are presented
as frequencies, and groups were compared by using
chi-square tests. Continuous variables are reported
as mean ! SD, and differences were compared by
using Student t tests. We used the Wilcoxon rank
sum test to compare variables with skewed distribu-
tions, and results are reported as median and IQR.

To assess the association between transfusion
status and in-hospital mortality, we !rst used a
non-parsimonious propensity model to calculate
the likelihood of transfusion based on all available
patient characteristics for each patient, including 45
variables (Table 1). Importantly, these variables in-
cluded multiple in-hospital hemoglobin assessments,
key treatments, and complications during hospitali-
zation, including acute renal failure, in-hospital

shock, septic shock, cardiogenic shock, and in-
hospital mechanical ventilation. After calculating
propensity scores for the likelihood of transfusion for
each patient, propensity scores of patients with and
without transfusion during AMI hospitalization were
examined for overlap. Comparable patients in the
overlapping region of the propensity to be transfused
were then strati!ed according to transfusion status,
and those who were transfused were matched in a
1-to-many fashion with those not transfused (because
a larger proportion of AMI patients in this cohort did
not receive a transfusion), using a caliper width of
0.5. This caliper width is 0.5 times the SD of the logit
of the propensity score for transfusion and re"ects
the maximum difference in propensity score between
treated and untreated patients that would still allow
matching. The adequacy of propensity matching was
then assessed by calculating post-match standardized
differences and examining patient characteristics
post-matching. A signi!cant imbalance was consid-
ered to be present if a >10% standardized difference
was present between the 2 groups after propensity
matching (15).

Another clinically important question is whether
the relationship between transfusion and mortality
differs depending on nadir hemoglobin. Because
propensity matching incorporates the use of nadir
hemoglobin, it eliminates the ability to study this
interaction and also limits sample size, precluding
strati!cation on nadir hemoglobin. Accordingly, we
conducted separate analyses in the total patient
population (N " 34,937) to assess the interaction
between nadir hemoglobin level and transfusion.
Patients were strati!ed according to nadir hemo-
globin level (<7 g/dl, 7 to 8.9 g/dl, 9 to 10.9 g/dl,
and $11 g/dl), and we compared the in-hospital
mortality of patients with and without transfusion
within strata of nadir hemoglobin. This analysis was
then repeated by using hierarchical multivariable
logistic regression to account for clustering within
hospital site and adjusted for confounding related
to patients’ clinical characteristics.

To examine variability in transfusion practices
across hospitals while generating conservative esti-
mates of variation, we excluded patients from any
hospital reporting no blood transfusions and hospitals
in which the absolute observed transfusion rate varied
from the expected transfusion rate by >10%. When
comparing transfusion rates across hospitals, shrink-
age estimates were generated by using a hierarchical
model including site as a random effect (with no
additional covariates) to account for lower enrollment
from small hospitals. This approach pulls estimates
from smaller hospitals toward the overall mean

AMI diagnosis + elevated 
cardiac biomarkers

N=40,699

n=40,229

n=36,099

N = 34,937  
from 57 hospitals

Hospital enrolling < 20pts 
(n=59), LOS > 31 days (n=411) 

CABG during admission 
(n=4,089), Valve surgery 
during admission (n=41)

No Hgb recorded  (n=588),  
Length of stay < 1 day (n=574)

FIGURE 1 Patient Population

Inclusions and exclusions. AMI " acute myocardial infarction;
CABG " coronary artery bypass grafting; Hgb " hemoglobin;
LOS " length of stay.
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detailed patient-level data available in the present
study allowed exclusion of patients with nonover-
lapping propensity scores, while still preserving the
sample size necessary to !nd a clinically important
difference in mortality; this was likely not possible in
smaller previous studies. One previous study did
match patients on propensity to be transfused; in
contrast to our study, the authors found that trans-
fusion was associated with increased mortality (11).
However, they did not include nadir hemoglobin in
propensity matching, choosing instead to adjust for
nadir hemoglobin after the match was completed. In
our study, there was a >200% standardized differ-
ence in nadir hemoglobin between those who were
and were not transfused; given the strong prognostic
implications of severe in-hospital anemia, not
including nadir hemoglobin in propensity matching
may erroneously attribute the adverse prognostic
impact of anemia to blood transfusion. Moreover, the
propensity model in this study did not include key
in-hospital complications, such as acute renal failure,
mechanical ventilation, shock, and requirement for
hemodialysis. These variables differed greatly be-
tween transfused and nontransfused patients in our
study (each with a standardized difference >10%
before matching), and given the strong prognostic
value of these factors, their exclusion could produce a
strong confounding effect.

Previous randomized studies examining other
patient populations found similar outcomes be-
tween conservative and liberal transfusion strategies.
Examining critically ill patients randomized to a
transfusion threshold of 7 g/dl versus 10 g/dl, Hebert
et al. (18) found no signi!cant difference in 30-day
mortality. Similarly, there was no difference in the
composite of 30-day mortality or morbidity com-
paring a liberal versus a conservative transfusion
strategy among cardiac surgery patients in the TRACS
(Transfusion Requirement After Cardiac Surgery) trial
(19). Similar results were observed in a trial of pa-
tients with coronary disease or coronary disease risk
factors undergoing hip surgery (20). A recent meta-
analysis summarizing trials of transfusion to date
across a variety of populations found a modestly
lower in-hospital mortality among patients managed
with a restrictive versus more liberal transfusion
goal (relative risk: 0.77 [95% CI: 0.62 to 0.95]) but no
difference in 30-day mortality (relative risk: 0.85
[95% CI: 0.70 to 1.03]) (21,22). In contrast, a recent
trial including patients with upper gastrointestinal
bleeding found lower mortality rates among pa-
tients assigned to a restrictive transfusion strategy
(23). Whether these !ndings generalize to patients
presenting with MI is unclear, and practice

guidelines acknowledge this lack of certainty with
regard to transfusion practices in AMI (24). Regard-
less, these data, coupled with our !ndings, argue
against a 2-fold increase in mortality attributable to
blood transfusion in AMI as suggested by previous
observational literature.

The optimal threshold for blood transfusion during
AMI remains a subject of debate. We observed a
trend toward improved outcomes associated with
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FIGURE 3 Transfusion and Mortality Strati!ed According to Nadir Hgb

Association of transfusion with mortality strati!ed according to lowest in-hospital Hgb
value. A total of 227 (42.3%) of 537 patients with nadir Hgb <7 g/dl, 1,210 (29.5%) of
4,098 with nadir 7 to 8.9 g/dl, 319 (3.9%) of 8,083 with nadir 9 to 10.9 g/dl, and 22
(0.1%) of 22,219 with nadir $11 g/dl were transfused. CI ! con!dence interval; OR ! odds
ratio; other abbreviation as in Figure 1.
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composite of 30-day mortality or morbidity com-
paring a liberal versus a conservative transfusion
strategy among cardiac surgery patients in the TRACS
(Transfusion Requirement After Cardiac Surgery) trial
(19). Similar results were observed in a trial of pa-
tients with coronary disease or coronary disease risk
factors undergoing hip surgery (20). A recent meta-
analysis summarizing trials of transfusion to date
across a variety of populations found a modestly
lower in-hospital mortality among patients managed
with a restrictive versus more liberal transfusion
goal (relative risk: 0.77 [95% CI: 0.62 to 0.95]) but no
difference in 30-day mortality (relative risk: 0.85
[95% CI: 0.70 to 1.03]) (21,22). In contrast, a recent
trial including patients with upper gastrointestinal
bleeding found lower mortality rates among pa-
tients assigned to a restrictive transfusion strategy
(23). Whether these !ndings generalize to patients
presenting with MI is unclear, and practice

guidelines acknowledge this lack of certainty with
regard to transfusion practices in AMI (24). Regard-
less, these data, coupled with our !ndings, argue
against a 2-fold increase in mortality attributable to
blood transfusion in AMI as suggested by previous
observational literature.

The optimal threshold for blood transfusion during
AMI remains a subject of debate. We observed a
trend toward improved outcomes associated with
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FIGURE 3 Transfusion and Mortality Strati!ed According to Nadir Hgb

Association of transfusion with mortality strati!ed according to lowest in-hospital Hgb
value. A total of 227 (42.3%) of 537 patients with nadir Hgb <7 g/dl, 1,210 (29.5%) of
4,098 with nadir 7 to 8.9 g/dl, 319 (3.9%) of 8,083 with nadir 9 to 10.9 g/dl, and 22
(0.1%) of 22,219 with nadir $11 g/dl were transfused. CI ! con!dence interval; OR ! odds
ratio; other abbreviation as in Figure 1.
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FIGURE 4 Variation in Blood Transfusion Rates Across Health Facts Hospitals

Shrinkage-adjusted rates of blood transfusion at the time of acute myocardial infarction
across participating hospitals in Health Facts, ranked from lowest to highest transfusion
incidence.
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transfusion below a hemoglobin threshold of 9 g/dl,
which was not seen at higher nadir hemoglobin
values. This !nding is consistent with previous anal-
yses that have suggested a possible bene!t from
transfusion for patients with lower nadir hemoglobin
(1,7,8). Our results are also consistent with data from
a small pilot study of liberal (transfusion threshold
of 10 mg/dl) versus conservative transfusion in
patients with symptomatic coronary artery disease
(25). The authors found a lower rate of death and
a trend toward a reduced composite of death, MI,
or unscheduled revascularization among patients
randomized to the liberal transfusion strategy.

Until additional data from randomized trials are
available to guide clinical practice, it seems rea-
sonable to consider transfusion during AMI below
“conservative thresholds.” However, these data un-
derscore signi!cant uncertainty in the bene!ts and
risks of transfusion, necessitating clinicians’ careful
consideration of individual patient factors, which
may in"uence the decision to provide a blood trans-
fusion. We also observed dramatic variation in the
frequency of blood transfusion across hospitals.
Importantly, a 2-fold variability remained even after
extensive adjustment for patient characteristics,
indicating that hospital and provider factors likely
drive substantial variability in provision of blood
transfusion. This variability likely re"ects clinical
uncertainty regarding bene!ts and risks of transfu-
sion during AMI and represents an important target
for future research. Given the absence of adequately
powered trials to describe the relationship between
transfusion and outcomes in patients with AMI, our
!ndings also suggest that it is premature to consider
using transfusion rates as a quality metric.
STUDY LIMITATIONS. Our results should be inter-
preted in the context of the following limitations.
First, the number of units of blood administered
with each transfusion event was not recorded. The
number of units transfused has been shown to
correlate with outcomes (19), likely re"ecting that
lower nadir hemoglobin portends a poorer prognosis.
Our de!nition of AMI was based on the combination
ICD-9 codes and elevated cardiac biomarkers, and
it could have included some patients with a type
II non–ST-segment elevation MI. However, type II
MI has been shown to be prognostically important
(26), and the potential bene!t of improved oxygen
delivery may be even more important in patients
whose AMI is driven primarily by demand ischemia.
Finally, although propensity matching is one of the
most robust methods to address observed confound-
ing in nonrandomized comparisons, the possibility
of residual and unmeasured confounding cannot

be excluded. Selection bias cannot be completely
eliminated from observational studies examining in-
terventions, such as blood transfusion, for which
physicians have strong treatment preferences. More-
over, use of this method, which required exclusion
of the majority of patients in Health Facts from
the primary analysis, could limit generalizability of
our !ndings.

CONCLUSIONS

We found that the majority of patients who received
a blood transfusion during AMI hospitalization
were not comparable to those who were not trans-
fused, due to marked differences in multiple prog-
nostically important characteristics. Although blood
transfusion was initially associated with increased
mortality, this association was eliminated by pro-
pensity matching, suggesting that this apparent rela-
tionship between transfusion and mortality is largely
driven by selection bias. Randomized trials are
needed to determine appropriate blood transfusion
thresholds in patients with AMI.

REPRINT REQUESTS AND CORRESPONDENCE: Dr.
Adam C. Salisbury, Saint Luke’s Mid America Heart
Institute, 4401 Wornall Road, Kansas City, Missouri
64111. E-mail: asalisbury@saint-lukes.org.

PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE:

Severe anemia is common in patients hospitalized
with AMI, but blood transfusion is controversial, given
the lack of evidence of a favorable impact on patient
outcomes.

COMPETENCY IN PATIENT CARE 1: In a large
cohort of consecutive propensity-matched patients
with AMI, blood transfusions were not associated with
a greater risk of adverse outcomes.

COMPETENCY IN PATIENT CARE 2: In the
absence of de!nitive data from randomized trials,
clinicians should determine whether to transfuse
blood to individual patients with AMI based on careful
consideration of bene!ts and risks.

TRANSLATIONAL OUTLOOK: Randomized trials
are necessary to overcome selection bias and to
further investigate the relationship between blood
transfusion and clinical outcomes in patients with
AMI.
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L’anémie	  est	  fréquente	  chez	  les	  pa<ents	  
ayant	  un	  IDM	  aigu	  
	  
	  
	  
	  
Dans	  une	  grande	  cohorte	  de	  pa<ents	  ayant	  
un	  IDM	  aigu:	  pas	  d’effet	  délétère	  lié	  à	  la	  
transfusion	  de	  CGR	  
	  
	  
Analyse	  du	  rapport	  bénéfice/risque	  	  
individuel	  (tolérance	  de	  l’anémie)	  
	  
	  
	  
Recherche	  prospec<ve	  !	  	  



Le	  problème	  des	  seuils	  
transfusionnels	  

•  Li[érature	  (sta<s<que)	  
– Seuils	  de	  transfusion	  de	  CGR	  bas	  (7	  g/dL)	  y	  
compris	  chez	  les	  pa<ents	  en	  état	  de	  choc	  ou	  ayant	  
une	  cardiopathie	  (dont	  chirurgie	  cardiaque)	  

– Seuils	  transfusionnels	  chez	  les	  pa<ents	  ayant	  une	  
cardiopathie/chirurgie	  cardiaque	  

•  Sévère	  
•  Coronaropathie	  
•  SCA/IDM	  	  



Conclusions	  sur	  les	  seuils	  
transfusionnels	  

•  Pas	  de	  preuves	  que	  les	  seuils	  “libéraux”	  
améliorent	  la	  survie	  
– Seuil	  libéral:	  >	  8	  mais	  <	  9	  g/dL	  

•  Il	  est	  probable	  que	  les	  pa<ents	  ayant	  un	  SCA	  
peuvent	  bénéficier	  d’un	  seuil	  >	  8	  mais	  <	  10	  g/
dL	  
– Aucun	  bénéfice	  pour	  Hb	  >	  10	  g/dL	  



Conclusions	  sur	  les	  seuils	  
transfusionnels	  

•  Les	  seuils	  bas	  sont	  associés	  sta<s<quement:	  
– Soit	  à	  un	  meilleur	  “outcome”	  
– Soit	  au	  même	  “outcome”	  

•  Transfuser	  de	  manière	  libérale	  est	  
– Dangereux	  
–  Inu<le	  
–  (presque)	  JAMAIS	  bénéfique	  en	  normovolémie	  	  



Le	  problème	  des	  seuils	  
transfusionnels	  	  

•  Li[érature	  (sta<s<que)	  
– Seuils	  de	  transfusion	  de	  CGR	  bas	  (7	  g/dL)	  y	  
compris	  chez	  les	  pa<ents	  en	  état	  de	  choc	  ou	  ayant	  
une	  cardiopathie	  

•  Pour	  un	  pa<ent	  donné	  (raisonnement	  
clinique)	  
– Mesure	  de	  l’hémoglobine:	  BRUIT	  (biologique/
mesure)	  

– Tolérance	  de	  l’anémie	  
– Correc<on	  de	  l’anémie	  par	  autre	  chose	  que	  la	  
transfusion	  de	  CGR	  	  





L’anémie d’hémodilution 

•  Est définie par une diminution de la valeur de 
l’Hb (donc anémie) 

•  Avec une diminution de la masse globulaire 
rouge soit nulle soit moins importante que 
l’augmentation du volume plasmatique 

•  Les calculs du CaO2 et du TaO2 peuvent être 
faux  

•  Quand la valeur d’Hb (anémie d’hémodilution) 
est proche du seuil transfusionnel, indication 
théorique de transfusion de CGR 



Calculs du CaO2 et du TaO2  
•  TaO2 =  (VES= 45 ml) x (FC = 100 bpm) x 0,00134 x 
      (Hb = 10.5 g/dL x Saturation = 1 ) x 10  

= 633 ml/min (9 ml/kg/min; 70 kg)  
 
•  Après optimisation hémodynamique :  
     TaO2 = (VES= 55 ml) x (FC = 90 bm ) x 0,00134 x (Hb = 9.5 g/dL x 
      x Saturation= 1 ) x 10 =  630 ml/min (9 ml/kg/min) 
  
•  Après optimisation hémodynamique avec valeur Hb 
      inchagée (la masse globulaire rouge n’a pas changé) :  
     TaO2 = (VES= 55 ml) x (FC= 90bpm) x 1,34 (Hb = 10,5 g/dL x                                         

 x Saturation= 1 ) x 10 =  696 ml/min (10 ml/kg/min) 



Scénario	  clinique	  

•  Pa<ente	  hypotendue,	  remplie	  avec	  500	  ml	  de	  
NaCl	  0,9	  %	  en	  10	  minutes	  
– TaO2	  avant	  remplissage	  =	  DC	  (3l/min)	  x	  Hb	  (10	  g/dL)	  
x	  SaO2	  (100	  %)	  x	  10	  =	  300	  ml/min	  

– TaO2	  après	  remplissage:	  DC	  (4	  l/min)	  x	  Hb	  (8g/dL)	  x	  
SaO2	  (100	  %)	  x	  10	  =	  320	  ml/min	  (soit	  	  7	  %	  d’augm.)	  	  

– Qui	  est	  d’accord	  avec	  ce	  calcul	  ?	  	  	  



Scénario	  clinique	  
•  Pa<ente	  hypotendue,	  remplie	  avec	  500	  ml	  de	  
NaCl	  0,9	  %	  en	  10	  minutes	  
– TaO2	  avant	  remplissage	  =	  DC	  (3l/min)	  x	  Hb	  (10	  g/dL)	  
x	  SaO2	  (100	  %)	  x	  10	  =	  300	  ml/min	  

– TaO2	  après	  remplissage:	  DC	  (4	  l/min)	  x	  Hb	  (8g/dL)	  x	  
SaO2	  (100	  %)	  x	  10	  =	  320	  ml/min	  (soit	  	  7	  %	  d’augm)	  	  

– Qui	  est	  d’accord	  avec	  ce	  calcul	  ?	  	  	  
– TaO2	  après	  remplissage:	  DC	  (4	  l/min)	  x	  Hb	  (10g/dL)	  x	  
SaO2	  (100	  %)	  x	  10	  =	  400	  ml/min	  (soit	  	  30	  %	  d’augm)	  	  



Scénario	  clinique	  

•  Pa<ente	  hypotendue,	  remplie	  avec	  500	  ml	  de	  
NaCl	  0,9	  %	  en	  10	  minutes	  
– TaO2	  avant	  remplissage	  =	  DC	  (3l/min)	  x	  Hb	  (8	  g/dL)	  x	  
SaO2	  (100	  %)	  x	  10	  =	  240	  ml/min	  

– TaO2	  après	  remplissage:	  DC	  (4	  l/min)	  x	  Hb	  (6g/dL)	  x	  
SaO2	  (100	  %)	  x	  10	  =	  240	  ml/min	  

•  On	  passe	  en	  dessous	  du	  seuil	  transfusionnel	  (7	  g/dL)	  et	  on	  
transfuse	  des	  CGR	  

– Qui	  est	  d’accord	  avec	  ce[e	  décision	  ?	  	  



Les questions qu’il faut poser avant de 
prescrire une transfusion de CGR  

Seuil  
transfusionnel 

Hb = Seuil – 0,2 g/dL  

Pour cette patiente: Hb = 6,8 g/dL 



Le	  problème	  des	  seuils	  transfusionnels	  
pour	  un	  pa<ent	  donné.	  	  
Raisonnement	  clinique	  

10	  g/dl	  
	  
9	  g/dL	  
	  
8	  g/dL	  
	  
7	  g/dL	  



Les questions qu’il faut poser avant de 
prescrire une transfusion de CGR  

Seuil  
transfusionnel Hb = Seuil – 0,2 g/dL  

Historique/tendances de  
la valeur d’Hb 

Hémodilution 

Pertes sanguines 
Par rapport aux pertes 
Acceptables calculées   

Expansion volémique 

Tolérance de  
l’anémie 

Anticipation (temps, 
pertes sanguines) 

Alternatives 
Transfusion CGR 



QCM	  6	  	  
•  Concernant le bruit de mesure de l’hémoglobine 

(plusieurs réponses correctes possibles) 
–  1. Il ne dépend que de la technique de mesure (bruit 

analytique) 
–  2. Il peut être en relation avec des variations 

physiologiques circadiennes de l’hémoglobine 
–  3. Il est inférieur à 0,1 g/dL quelle que soit la 

technique de mesure 
–  4. Il est > 1 g/dL quelle que soit la technique de 

mesure  
–  5. Je ne sais pas vraiment   



Les questions qu’il faut poser avant de 
prescrire un transfusion de CGR  

Seuil  
transfusionnel Hb = Seuil – 0,2 g/dL  

Historique de  
la valeur d’Hb 

Hémodilution 

Pertes sanguines 
Par rapport aux pertes 
Acceptables calculées   

Expansion 
volémique 

Tolérance de  
l’anémie 

Anticipation (temps, 
Pertes sanguines) 

Alternatives 
Transfusion CGR 

Bruit de mesure Hb ?  



Bruit de la mesure de l’Hb 



Quel	  est	  le	  bruit	  de	  la	  mesure	  de	  l’Hb	  ?	  
Quelles	  sont	  les	  sources	  du	  bruit	  de	  la	  

mesure	  ?	  
Comment	  faut-‐il	  gérer	  le	  bruit	  de	  la	  mesure	  ?	  



Hb	  (g/dL)	  

Hémodilu<on	  

Site	  de	  	  
prélèvement	  

Erreurs	  pré-‐	  
analy<ques	  

Techniques	  	  
de	  mesure	  



Exemple d’erreur pré-analytique 
dans la mesure de l’Hb 



Montage: Quel est le volume mort ? 



1 ml  
3 ml  5 ml  

Montage: Quel est le volume mort ? 

Purge: Vol mort x 2-3  



Le bruit analytique (mesure 
sur le même échantillon) 

Avec la même technique 
Avec des techniques différentes  



Qui peut énumérer les conditions de 
qualité de mesure avec l’Hemocue ?  

TRANSFUSION 2016;00;00–00 



•  Ponction sur la face latérale du médian, 
sans pression 

•  Bras non-dominant 
•  Troisième goutte 
•  Position assise ? 

Les conditions de qualité de 
mesure avec l’Hemocue ?  

TRANSFUSION 2016;00;00–00 



Sources de variabilité (bruit) de la 
mesure 

•  La peau plus foncée diminue la variabilité 
(méthodes non-invasives et invasives) 

•  Le fait de fumer diminue la différence 
entre non-invasif et laboratoire.  
– Carboxyhémoglobine diminue la sensibilité en 

non-invasif 
– La saturation en O2 mieux mesurée ? 

•  Anomalies des doigts (callosités) 
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Meta-analytic estimation of measurement
variability and assessment of its impact on
decision-making: the case of perioperative
haemoglobin concentration monitoring
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Abstract
Background: As a part of a larger Health Technology Assessment (HTA), the measurement error of a device used to
monitor the hemoglobin concentration of a patient undergoing surgery, as well as its decision consequences, were to
be estimated from published data.

Methods: A Bayesian hierarchical model of measurement error, allowing the meta-analytic estimation of both central
and dispersion parameters (under the assumption of normality of measurement errors) is proposed and applied to
published data; the resulting potential decision errors are deduced from this estimation. The same method is used to
assess the impact of an initial calibration.

Results: The posterior distributions are summarized as mean ± sd (credible interval). The fitted model exhibits a
modest mean expected error (0.24 ± 0.73 (!1.23 1.59) g/dL) and a large variability (mean absolute expected error
1.18 ± 0.92 (0.05 3.36) g/dL). The initial calibration modifies the bias (!0.20 ± 0.87 (!1.99 1.49) g/dL), but the
variability remains almost as large (mean absolute expected error 1.05 ± 0.87 (0.04 3.21) g/dL). This entails a potential
decision error (“false positive” or “false negative”) for about one patient out of seven.

Conclusions: The proposed hierarchical model allows the estimation of the variability from published aggregates,
and allows the modeling of the consequences of this variability in terms of decision errors. For the device under
assessment, these potential decision errors are clinically problematic.

Keywords: Methods, meta-analysis as topic, Observer variation, Reproducibility of results, Predictive value of tests,
Meta-analysis, Monitoring, intraoperative, Monitoring, physiologic/methods, Biological markers/blood,
Hemoglobinometry, Oximetry
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Background
The CEDIT1 is a Health Technology Assessment (HTA)
agency within the University Hospitals in Paris (AP-HP2).
It is in charge since 1982 of advising the senior manage-
ment about the adoption and use of innovative medical
technologies in AP-HP’s hospitals.
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1Secrétariat Scientifique du CEDIT — Assistance Publique - Hôpitaux de Paris,
3, Avenue Victoria, F-75186 Paris, France
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Wehave had to assess, in a limited time frame, the possi-
ble impact of the introduction of a device3 monitoring the
hemoglobin concentration of patients undergoing surgical
intervention. This device is used to produce a measure-
ment (SpHb) of the current hemoglobin concentration
by means of a sensor which is a variation of the pulse
oxymetry sensors; this measure is supposed to replace
the measurement (tHb) produced by a laboratory ana-
lyzer, thus avoiding the wait for the laboratory results (an
element that could be important in a surgical context)
and the disruption in the laboratory work flow caused by
unplanned requests.

© 2016 Charpentier et al. Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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Fig. 4 Diagnostic values of calibrated SpHb. Mean values and 95% credible intervals; left: sensitivity, specificity; right: predictive values

than specificities and sensitivities (which can be traded off
against one another by the choice of threshold), which are
conditional probabilities.
Postulating the independence of values of measured

variable and measurement error allowed us to use (14)
and (15), which can be simply computed, at least with our
choice of population distribution of the variable, with a
standard numerical integration routine.
They can even be explicitly solved in some cases: for

example, a normal density of values and a normal density
of errors convolve to a normal density, which can be triv-
ially used to compute the probability of errors. However,
this model would not have reasonable medical support in
our case.

Fig. 5 Decision error risks. Mean values and 95% credible intervals

Without this postulate, the multiple integrals (12) and
(13) are much more problematic to compute numerically,
and a better solution would probably be to estimate them
by one form or another of Monte Carlo integration.
We had also to choose a range of “useful” values to

assess the potential clinical impact of the measurement
errors.

• It is obvious that real values quite far from the
decision threshold do not contribute to false
positive/negative (the probability of a large error is
small).

• On the other hand, a small region quite close to the
decision threshold overstates the risk of false results.
For example, with a symmetric error density, given a
threshold T in a study i with average bias µi, the rate
of false negative a test region (T + µi + ! T + µi + 2!)
would have a limit of 1

2 for ! ! 0+.
• Similarly, a strong mode would overstate the

importance the weight of the region surrounding that
mode.

The anesthesiological literature shows that a “reason-
able” region for transfusion decision threshold is [6 10]
g/dL; the choice of a threshold in this range for a given
patient depends on various domain- and patient-specific
factors.
It was therefore necessary to cover this range (with

extension to “likely” regions), without justification to
choose a mode. This led us to choose the [4 12] g/dL.
A better choice would have been to model the distribu-

tion of tHb of measurements done for clinical reasons (i.e.
excluding the systematic or calibration measurements).
The source papers, however, did not document this infor-
mation in any usable form.
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Conclusions	  des	  auteurs	  

•  A	  cause	  du	  bruit	  de	  la	  mesure	  de	  l’Hb	  (en	  
situa<on	  stable)	  lorsque	  l’on	  prend	  des	  
décisions	  de	  type	  dichotomique	  on	  se	  trompe	  
une	  fois	  sur	  7	  
– Bruit	  de	  la	  mesure	  beaucoup	  plus	  grand	  en	  
situa<on	  instable	  (bloc	  opératoire,	  saignement..)	  

•  Le	  bruit	  de	  la	  mesure	  de	  l’Hb,	  quelle	  que	  soit	  
la	  méthode,	  est	  d’au	  moins	  1	  g/dL	  	  
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Messages	  

•  Le bruit de la mesure de l’Hb est souvent 
> 1 g/dL 

•  Les conséquences de ce bruit de mesure 
(biologique, pré-analytique et analytique) 
sont: 
– Une valeur d’Hb autour du seuil est 

“incertaine” par définition 
–  Il faut prendre en considération l’incertitude de 

la valeur dans la décision de transfuser 
– Evaleur la tolérance de l’anémie  



Exemple d’algorithme décisionnel pour une Hb 
proche du seuil transfusionnel en normovolémie  

Hb proche du seuil (ex. 6,9 g/dL) 

Saignement actif 

Historique des valeurs d’Hb 

Comparer pertes mesurées 
avec pertes maximum acceptables (PMA) 
pour passer de l’Hb initiale à l’Hb  
actuelle 

Expansion volémique (non CGR) 

Oui 

Pertes mesurées < < PMA pour Hb actuelle  

Anémie d’hémodiltuion 



Messages	  de	  fin	  (1)	  

•  Dans	  beaucoup	  d’études	  observa<onnelles	  et	  
dans	  les	  études	  prospec<ves,	  randomisées	  
– La	  transfusion	  de	  CGR	  n’apporte	  pas	  de	  bénéfice	  
en	  termes	  de	  survie/	  diminu<on	  de	  la	  morbidité	  

•  Dans	  quelques	  études	  observa<onnelles,	  la	  
transfusion	  de	  CGR,	  même	  en	  faible	  quan<té	  
est	  associée	  à	  une	  augmenta<on	  du	  risque	  de	  
mortalité	  
– Hétérogénéité	  des	  pra<ques	  transfusionnelles	  	  



Messages	  de	  fin	  (2)	  

•  Pour	  relier	  ces	  données	  sta<s<ques	  (slogans)	  
à	  la	  prise	  de	  décision	  pour	  un	  pa<ent	  donné	  
(raisonnement	  clinique)	  
– «	  Masse	  GR	  »	  	  n’est	  pas	  superposable	  à	  
«	  concentra<on	  d’Hb	  »	  

•  Anémie	  d’hémodilu<on	  
•  Bruit	  de	  la	  mesure	  de	  l’Hb	  

– En	  normovolémie	  et	  en	  situa<on	  hémodynamique	  
«	  stable	  »,	  une	  Hb	  entre	  5-‐7	  g/dL	  N’EST	  PAS	  une	  
urgence	  transfusionnelle	  (on	  peut	  réfléchir	  à	  
l’indica<on	  de	  la	  CGR)	  


