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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 avoidance of unnecessary blood 
transfusion is a high priority; therefore, 
determining safe thresholds for transfu-

sion is imperative.1,2 Among the highest recipients 
of red-cell transfusion are patients undergoing 
cardiac surgery,2-6 with a substantial proportion 
of the total blood supply used by this group.7,8 
Whether a restrictive approach to intraoperative 
and postoperative transfusion in cardiac surgery 
safely achieves outcomes similar to those achieved 
by means of a more liberal approach remains 
unclear.9-12

The infectious and noninfectious risks asso-
ciated with transfusion support a restrictive trans-
fusion practice in several clinical settings.13-15 
However, anemia, particularly in the periopera-
tive setting, may also be detrimental.16-19 Patients 
who are at high perioperative risk may be more 
susceptible to anemia-induced tissue hypoxia,20 
potentially exposing them to an increased risk of 
complications and death if a restrictive approach 
is used.21 We conducted a multicenter, random-
ized, controlled trial to determine whether a re-
strictive transfusion strategy applied throughout 
the perioperative period would be noninferior, 
in terms of major morbidities and mortality, to 
a liberal approach among patients undergoing 
cardiac surgery who had a moderate-to-high risk 
of death.

Me thods

Trial Design and Oversight

The Transfusion Requirements in Cardiac Surgery 
(TRICS) III trial was an international, open-label, 
randomized, controlled, noninferiority trial that 
compared restrictive and liberal red-cell transfu-
sion strategies in adults undergoing cardiac sur-
gery with cardiopulmonary bypass who had a 
moderate-to-high predicted risk of death accord-
ing to the European System for Cardiac Operative 
Risk Evaluation (EuroSCORE I; scores are on a 
scale from 0 to 47, with higher scores indicating 
a higher risk of death after cardiac surgery).22,23 
An appropriately authorized ethics committee ap-
proved the trial in all the participating centers.

The trial was supported by the Canadian In-
stitutes of Health Research, the Canadian Blood 
Services–Health Canada, the National Health and 
Medical Research Council of Australia, and the 
Health Research Council of New Zealand. The 
funders had no role in the trial design or conduct; 

in the collection, management, analysis, or inter-
pretation of the data; or in the preparation or 
review of the manuscript or the approval of the 
manuscript for submission. The trial was designed 
by the executive committee and carried out by the 
TRICS investigators (see the Supplementary Ap-
pendix, available with the full text of this article 
at NEJM.org). The first author and the last four 
authors vouch for the data and analyses and for 
the fidelity of the trial to the protocol (available 
at NEJM.org).

Participants

We enrolled participants 18 years of age or older 
who were scheduled to undergo cardiac surgery 
with cardiopulmonary bypass and who had a pre-
operative additive EuroSCORE I of 6 or higher. The 
EuroSCORE I has been validated previously and 
has been shown to be predictive of an in-hospital 
mortality of 4% or more (see the Supplementary 
Appendix for a list of the EuroSCORE I compo-
nents).24,25 We excluded patients if they were un-
able to receive blood products, declined blood 
products, were involved in a preoperative autolo-
gous donation program, were undergoing heart 
transplantation, were having surgery solely for the 
insertion of a ventricular assist device, or were 
pregnant or lactating. Written informed consent 
was obtained from all the participants before 
enrollment.

Randomization and Intervention

Before surgery, eligible patients were randomly 
assigned to one of two red-cell transfusion strat-
egies, in a 1:1 ratio with the use of a concealed 
centralized, Web-based system, stratified accord-
ing to center, with computer-generated random 
permuted blocks of varying sizes from two to six. 
Patients who were randomly assigned to the re-
strictive transfusion strategy received a red-cell 
transfusion if their hemoglobin concentration was 
less than 7.5 g per deciliter intraoperatively or 
postoperatively. Patients who were randomly as-
signed to the liberal transfusion strategy received 
a red-cell transfusion if their hemoglobin concen-
tration was less than 9.5 g per deciliter intraop-
eratively or postoperatively in the intensive care 
unit (ICU) or if the hemoglobin concentration was 
less than 8.5 g per deciliter when the patient was 
in the non-ICU ward. Attending physicians had 
to follow the assigned transfusion strategy from 
induction of anesthesia for the index cardiac sur-
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gical procedure until either hospital discharge or 
28 days after surgery, whichever came first.

The hemoglobin level was to be measured at 
least at the following intervals: preoperatively, be-
fore cardiopulmonary bypass, during cardiopul-
monary bypass, after cardiopulmonary bypass, 
on arrival in the ICU, and on days 1, 2, 3, 5, 7, 9, 
and 11 while the patient was still hospitalized. 
If the hemoglobin concentration fell below the 
appropriate threshold at any time, 1 unit of red 
cells was administered at a time and was followed 
with a reassessment of the hemoglobin concen-
tration. Red-cell transfusion was to be adminis-
tered as soon as possible after the threshold-relat-
ed hemoglobin concentration was measured and 
had to be initiated within the following maximum 
time frames: 2 hours for patients during an opera-
tion; 18 hours in the ICU, including step-down 
units; or 40 hours on the non-ICU hospital ward. 
The protocol allowed physicians to recheck bor-
derline measurements of the hemoglobin concen-
tration before transfusion and to suspend the red-
cell transfusion protocol temporarily in patients 
who had rapid blood loss or hemodynamic in-
stability due to blood loss. The protocol was re-
sumed as soon as hemostasis was achieved or at 
a maximum of 24 hours after suspension. Other 
blood products could be administered in accor-
dance with published guidelines and local prac-
tice on the basis of the presence of ongoing bleed-
ing and documented measurement of abnormal 
coagulation.

Nonadherence to the assigned red-cell trans-
fusion strategy was considered to have occurred if 
a red-cell transfusion was given without a protocol-
defined hemoglobin threshold being met; or if a 
red-cell transfusion was not initiated after a trig-
ger was met, or a repeat hemoglobin value above 
the trigger was not measured, within the protocol-
defined time period. All other aspects of care were 
left to the discretion of the attending clinicians. It 
was not possible to use formal blinding of the 
assigned transfusion strategy with regard to the 
participants and medical staff. However, partici-
pants were not actively informed about the treat-
ment assignment, and outcome adjudicators were 
unaware of the trial-group assignments.

Outcomes

The primary outcome was a composite of death 
from any cause, nonfatal myocardial infarction, 
stroke, or new-onset renal failure with dialysis, oc-

curring during the index hospitalization from the 
start of surgery until either hospital discharge or 
28 days after surgery, whichever occurred first. 
The prespecified secondary outcomes included the 
components of the primary outcome, blood-prod-
uct (including red-cell) transfusion, lengths of stay 
in the ICU and in the hospital, duration of me-
chanical ventilation, prolonged state of low cardiac 
output, infection, bowel infarction, acute kidney 
injury, seizure, delirium, and encephalopathy. Def-
initions of the primary and secondary outcomes 
are provided in the Supplementary Appendix. All 
the deaths were verified centrally, and an adjudi-
cation committee whose members were unaware 
of the trial-group assignments evaluated all the 
other components of the primary outcome, as well 
as all reported instances of infection and bowel 
infarction.

Statistical Analysis

The primary objective of the trial was to determine 
whether a restrictive transfusion threshold was 
noninferior to a liberal transfusion threshold. We 
initially planned that a sample of 3592 patients 
would provide the trial with 85% power to detect 
noninferiority at a one-sided alpha of 0.025, with 
the use of a noninferiority margin of 3 percent-
age points for the risk difference and assuming 
an event rate of the primary composite outcome of 
10%, with one interim analysis with a Haybittle–
Peto stopping rule (P = 0.0001, one-sided). In No-
vember 2016, we increased the sample to 5000 
participants without inspecting the accumulated 
data in order to increase the power to 90%. In ad-
dition, we planned to include in the analysis all 
the participants who had undergone randomiza-
tion in our pilot trial (TRICS II; ClinicalTrials.gov 
number, NCT01484639), and we kept these data 
blinded until the completion of the TRICS III trial. 
Specific features of the TRICS II trial, such as the 
inclusion and exclusion criteria, hemoglobin-con-
centration triggers, and outcome definitions, are 
provided in the Supplementary Appendix.

The prespecified primary analysis of the pri-
mary outcome was a per-protocol analysis that 
included all the participants who had undergone 
randomization and who underwent surgery with 
cardiopulmonary bypass, except for patients who 
had a protocol adherence of less than 90%, pa-
tients who were withdrawn from the trial by the 
treating physician at any time, and patients who 
withdrew consent. We compared the risk differ-
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ence for the primary outcome between groups 
against the noninferiority margin with a one-sided 
z-test at a one-sided alpha of 0.025. Confidence 
intervals for the primary and secondary outcomes 
are all two-sided 95% confidence intervals. We 
performed modified intention-to-treat and adjust-
ed analyses of the primary and secondary out-
comes to examine the consistency of the treatment 
effect. The modified intention-to-treat population 
included all the patients who underwent random-
ization except for those who did not undergo the 
planned surgical procedure and those who with-
drew consent preoperatively.

For binary outcomes, analyses were adjusted 
with the use of a logistic-regression model that 
included age, sex, preoperative renal function, pre-
existing chronic pulmonary disease (defined as the 
long-term use of bronchodilators or glucocorti-
coids for lung disease), preoperative left ventricu-
lar function, history of diabetes, type of surgery 
(coronary-artery bypass grafting [CABG] only, 
CABG plus another procedure, or other, non-CABG 
procedure), and preoperative hemoglobin con-
centration. Outcomes regarding length of stay in 
both the ICU and the hospital were analyzed with 
the use of Cox proportional-hazards models. We 
undertook prespecified, exploratory subgroup anal-
yses of the primary outcome to determine whether 
the effect of the transfusion strategy varied ac-
cording to prespecified subgroups. Primary anal-
yses were not stratified according to center. Ad-
ditional sensitivity analyses aimed to determine 
whether specific subgroups of patients that were 
defined according to protocol adherence, trans-
fusion exposure, and hemoglobin levels and the 
use of a mixed-effects model to account for varia-
tion between sites would yield similar results. 
Analyses were performed with the use of the  
R statistical package, version 3.2.4 (R Core Team 
[2016], www . r-project . org).

R esult s

Participants

From January 20, 2014, to March 20, 2017, a to-
tal of 5035 patients underwent randomization at 
73 sites in 19 countries (for a complete list, see 
the Supplementary Appendix). An additional 208 
patients underwent randomization in the multi-
center pilot trial. Of the total of 5243 patients 
who underwent randomization, 54 did not have 
surgery, 63 did not have cardiopulmonary bypass, 

and 34 withdrew before surgery or were exclud-
ed for other reasons, which left 5092 patients in 
the modified intention-to-treat population. A to-
tal of 4860 patients (2430 in each group) were in-
cluded in the per-protocol analysis (Fig. S1 in the 
Supplementary Appendix).

The characteristics of the patients at baseline 
were similar in the two groups (Table 1); addi-
tional characteristics of the patients in the per-
protocol population and the baseline character-
istics of the patients in the intention-to-treat 
population are shown in Tables S1 and S2, re-
spectively, in the Supplementary Appendix. The 
mean (±SD) age of the patients was 72±10 years, 
35.4% of the patients were women, and the mean 
EuroSCORE I was 7.8±1.9. The distribution of type 
of surgery was CABG only (26.1%), CABG with 
another procedure (27.7%), and other, non-CABG 
procedure (46.2%).

Hemoglobin Concentrations  
and Transfusions

Overall, the mean hemoglobin concentration of 
the patients at baseline was 13.1±1.8 g per deci-
liter. During surgery, the hemoglobin concentra-
tion decreased in each group. Postoperatively, the 
concentrations in the two groups separated by 
approximately 1 g per deciliter and remained sepa-
rated from ICU admission through day 28 (Fig. 1).

In the restrictive-threshold group, 52.3% of 
the patients received a red-cell transfusion after 
randomization, as compared with 72.6% of those 
in the liberal-threshold group (odds ratio, 0.41; 
95% confidence interval [CI], 0.37 to 0.47; P<0.001) 
(Table 2). Patients who had a transfusion received 
a median of 2 units (interquartile range, 1 to 4) 
of red cells after randomization in the restric-
tive-threshold group, as compared with 3 units 
(interquartile range, 2 to 5) in the liberal-thresh-
old group (rate ratio, 0.85; 95% CI, 0.82 to 0.88) 
(Table 2).

Clinical Outcomes

Table 3 presents the primary and secondary clini-
cal outcomes according to the per-protocol analy-
sis. The percentage of patients who had a pri-
mary composite outcome event was 11.4% in the 
restrictive-threshold group, as compared with 
12.5% in the liberal-threshold group (absolute risk 
difference, −1.11 percentage points; 95% CI, −2.93 
to 0.72; odds ratio, 0.90; 95% CI, 0.76 to 1.07). The 
upper limit of the 95% confidence interval for the 
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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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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 

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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to diabetes, left ventricular function, type of sur-
gery, and statuses with respect to preoperative re-
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 

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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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 
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 

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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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 
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 

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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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 blinding could introduce bias in outcome 
detection and reporting. As has occurred in 
similar studies, the between-group difference 
in the hemoglobin concentration was lower 
than the difference in the triggers.30,36,37 This 
situation could have been related to trial de-
sign, patients not reaching the specified thresh-
old, protocol nonadherence, or an imbalance in 
protocol suspensions that may have minimized 
any potential differences between groups. The 
trial was designed to be pragmatic and reflec-
tive of standard practice in order to enhance its 
generalizability, but it did not include low-risk 
patients. Similarly, this trial does not answer 
the question of whether even lower transfusion 
thresholds might also be as safe as the thresh-
olds used in this trial, nor did it specifically 
test the efficacy of transfusion. The trial design 
and unadjusted confidence intervals also do not 

allow us to draw definitive conclusions about 
the noninferiority of the restrictive strategy 
with regard to any of the secondary outcomes. 
Finally, we found an interaction with age that 
challenges current beliefs and that may be con-
sidered to be hypothesis-generating; at a mini-
mum, it highlights that a restrictive transfusion 
strategy appears to be safe in elderly patients.

In conclusion, this trial showed that a restric-
tive red-cell transfusion strategy (hemoglobin 
threshold of <7.5 g per deciliter) was noninferior 
to a liberal strategy (hemoglobin threshold of 
<9.5 g per deciliter in the operating room or ICU 
and <8.5 g per deciliter on the non-ICU ward) with 
regard to death and major disability (including 
myocardial infarction, stroke, and new-onset re-
nal failure with dialysis) among patients under-
going cardiac surgery who had a moderate-to-
high risk of death. These outcomes were achieved 
with fewer units of blood being transfused.

Supported by grants (232416 and 301852) from the Canadian 
Institutes of Health Research, by a grant (Kenneth J. Fyke 
Award, to Dr. Shehata) from the Canadian Blood Services–
Health Canada, by a grant (1085942) from the National Health 
and Medical Research Council of Australia, and by a grant 
(16/353) from the Health Research Council of New Zealand.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

This article is dedicated to the memory of Dr. Charlie Mac-
Adams.

Appendix
The authors’ full names and academic degrees are as follows: C. David Mazer, M.D., Richard P. Whitlock, M.D., Ph.D., Dean A. Fergus-
son, Ph.D., M.H.A., Judith Hall, M.Sc., Emilie Belley-Cote, M.D., Katherine Connolly, M.D., Boris Khanykin, M.D., Alexander J. Greg-
ory, M.D., Étienne de Médicis, M.D., Shay McGuinness, M.B., Ch.B., Alistair Royse, M.B., B.S., M.D., François M. Carrier, M.D., Paul J. 
Young, F.C.I.C.M., Ph.D., Juan C. Villar, M.D., Ph.D., Hilary P. Grocott, M.D., Manfred D. Seeberger, M.D., Stephen Fremes, M.D., 
François Lellouche, M.D., Ph.D., Summer Syed, M.D., Kelly Byrne, M.B., Ch.B., Sean M. Bagshaw, M.D., Nian C. Hwang, M.B., B.S., 
G.D.Acu., Chirag Mehta, M.D., Thomas W. Painter, M.B., Ch.B., Colin Royse, M.B., B.S., M.D., Subodh Verma, M.D., Ph.D., Grego-
ry M.T. Hare, M.D., Ph.D., Ashley Cohen, M.Sc., Kevin E. Thorpe, M.Math., Peter Jüni, M.D., and Nadine Shehata, M.D., for the TRICS 
Investigators and Perioperative Anesthesia Clinical Trials Group

The authors’ affiliations are as follows: the Department of Anesthesia (C.D.M., G.M.T.H.) and the Department of Surgery, Division 
of Cardiac Surgery (S.V.), Keenan Research Centre for Biomedical Science and Li Ka Shing Knowledge Institute of St. Michael’s Hospi-
tal, Applied Health Research Centre (AHRC), Li Ka Shing Knowledge Institute of St. Michael’s Hospital (J.H., A.C.), Sunnybrook Health 
Sciences Center (S.F.), AHRC, Li Ka Shing Knowledge Institute of St. Michael’s Hospital, Dalla Lana School of Public Health (K.E.T.), 
and AHRC, Li Ka Shing Knowledge Institute of St. Michael’s Hospital, Department of Medicine and Institute of Health Policy, Manage-
ment and Evaluation (P.J.), University of Toronto, and the Departments of Medicine, Laboratory Medicine, and Pathobiology, Institute 
of Health Policy, Management, and Evaluation, University of Toronto, and the Division of Hematology, Mount Sinai Hospital, Canadian 
Blood Services (N.S.), Toronto, Population Health Research Institute (R.P.W., E.B.-C.), Hamilton Health Sciences Centre (R.P.W., E.B.-
C., K.C.), and McMaster University (R.P.W., E.B.-C., S.S.), Hamilton, ON, Ottawa Hospital Research Institute, University of Ottawa, 
Ottawa (D.A.F.), the Department of Anesthesia, Foothills Medical Centre, University of Calgary, Calgary, AB (A.J.G.), Centre Hospitalier 
Universitaire de Sherbrooke, Sherbrooke, QC (É.M.), the Departments of Anesthesia and Medicine, Division of Critical Care, Centre 
Hospitalier de l’Université de Montréal, Montreal (F.M.C.), the Departments of Anesthesia and Surgery, University of Manitoba, St. 
Boniface Hospital, Winnipeg (H.P.G.), the Department of Anesthesiology and Critical Care Medicine, Institut Universitaire de Cardiolo-
gie et de Pneumologie de Québec, Laval University, Laval, QC (F.L.), and the Department of Critical Care Medicine, Faculty of Medicine 
and Dentistry, University of Alberta, Edmonton (S.M.B.) — all in Canada; the Department of Cardiothoracic Anesthesia, Rigshospitalet, 
Copenhagen University Hospital, Copenhagen (B.K.); Medical Research Institute of New Zealand, Wellington (S.M., P.J.Y.), and Waika-
to Hospital, Hamilton (K.B.) — both in New Zealand; the Department of Surgery, University of Melbourne (A.R., C.R.), and the Depart-
ment of Anaesthesia and Pain Management, Royal Melbourne Hospital (C.R.), Melbourne, VIC, and the Department of Anaesthesia, 
Royal Adelaide Hospital, Discipline of Acute Care Medicine, University of Adelaide, Adelaide, SA (T.W.P.) — all in Australia; Fundación 

The New England Journal of Medicine 
Downloaded from nejm.org at E-Library Insel on December 8, 2017. For personal use only. No other uses without permission. 

 Copyright © 2017 Massachusetts Medical Society. All rights reserved. 



n engl j med 377;22 nejm.org November 30, 2017 2143

Red-Cell Tr ansfusion for Cardiac Surgery

Cardioinfantil–Instituto de Cardiología, Bogota, and Universidad Autónoma de Bucaramanga, Bucaramanga — both in Colombia 
(J.C.V.); the University of Basel, Department of Anesthesia, Surgical Intensive Care, Prehospital Emergency Medicine and Pain Therapy, 
University Hospital Basel, Basel, and Klinik Hirslanden, Zurich — both in Switzerland (M.D.S.); the Department of Cardiothoracic 
Anesthesia, National Heart Center, and the Department of Anesthesiology, Singapore General Hospital, Singapore (N.C.H.); and Heart 
Care Associates, Ahmedabad, India (C.M.).

References
1. Carson JL, Guyatt G, Heddle NM, et 
al. Clinical practice guidelines from the 
AABB: red blood cell transfusion thresh-
olds and storage. JAMA 2016; 316: 2025-35.
2. Ferraris VA, Brown JR, Despotis GJ, et 
al. 2011 Update to the Society of Thoracic 
Surgeons and the Society of Cardiovascu-
lar Anesthesiologists blood conservation 
clinical practice guidelines. Ann Thorac 
Surg 2011; 91: 944-82.
3. Shander A, Javidroozi M, Ozawa S, 
Hare GM. What is really dangerous: anae-
mia or transfusion? Br J Anaesth 2011; 
107: Suppl 1: i41-i59.
4. Scott BH, Seifert FC, Grimson R. 
Blood transfusion is associated with in-
creased resource utilisation, morbidity 
and mortality in cardiac surgery. Ann 
Card Anaesth 2008; 11: 15-9.
5. Murphy GJ, Reeves BC, Rogers CA, 
Rizvi SI, Culliford L, Angelini GD. In-
creased mortality, postoperative morbidi-
ty, and cost after red blood cell transfu-
sion in patients having cardiac surgery. 
Circulation 2007; 116: 2544-52.
6. Koch CG, Li L, Duncan AI, et al. 
Transfusion in coronary artery bypass 
grafting is associated with reduced long-
term survival. Ann Thorac Surg 2006; 81: 
1650-7.
7. Chiavetta JA, Herst R, Freedman J, Ax-
cell TJ, Wall AJ, van Rooy SC. A survey of 
red cell use in 45 hospitals in central On-
tario, Canada. Transfusion 1996; 36: 699-
706.
8. Bennett-Guerrero E, Zhao Y, O’Brien 
SM, et al. Variation in use of blood trans-
fusion in coronary artery bypass graft 
surgery. JAMA 2010; 304: 1568-75.
9. Patel NN, Murphy GJ. Evidence-based 
red blood cell transfusion practices in 
cardiac surgery. Transfus Med Rev 2017; 
31: 230-5.
10. Hovaguimian F, Myles PS. Restrictive 
versus liberal transfusion strategy in the 
perioperative and acute care settings: a 
context-specific systematic review and 
meta-analysis of randomized controlled 
trials. Anesthesiology 2016; 125: 46-61.
11. Reeves BC, Pike K, Rogers CA, et al. A 
multicentre randomised controlled trial 
of Transfusion Indication Threshold Re-
duction on transfusion rates, morbidity 
and health-care resource use following 
cardiac surgery (TITRe2). Health Technol 
Assess 2016; 20: 1-260.
12. Curley GF, Shehata N, Mazer CD, 
Hare GM, Friedrich JO. Transfusion trig-
gers for guiding RBC transfusion for car-

diovascular surgery: a systematic review 
and meta-analysis. Crit Care Med 2014; 42: 
2611-24.
13. Rohde JM, Dimcheff DE, Blumberg N, 
et al. Health care-associated infection af-
ter red blood cell transfusion: a system-
atic review and meta-analysis. JAMA 
2014; 311: 1317-26.
14. Vlaar AP, Hofstra JJ, Determann RM, 
et al. The incidence, risk factors, and out-
come of transfusion-related acute lung 
injury in a cohort of cardiac surgery pa-
tients: a prospective nested case-control 
study. Blood 2011; 117: 4218-25.
15. Delaney M, Wendel S, Bercovitz RS, et 
al. Transfusion reactions: prevention, di-
agnosis, and treatment. Lancet 2016; 388: 
2825-36.
16. Karkouti K, Grocott HP, Hall R, et al. 
Interrelationship of preoperative anemia, 
intraoperative anemia, and red blood cell 
transfusion as potentially modifiable risk 
factors for acute kidney injury in cardiac 
surgery: a historical multicentre cohort 
study. Can J Anaesth 2015; 62: 377-84.
17. Miceli A, Romeo F, Glauber M, de Si-
ena PM, Caputo M, Angelini GD. Preop-
erative anemia increases mortality and 
postoperative morbidity after cardiac sur-
gery. J Cardiothorac Surg 2014; 9: 137.
18. Loor G, Li L, Sabik JF III, Rajeswaran 
J, Blackstone EH, Koch CG. Nadir hema-
tocrit during cardiopulmonary bypass: 
end-organ dysfunction and mortality.  
J Thorac Cardiovasc Surg 2012; 144(3): 
654-662.e4.
19. Karkouti K, Wijeysundera DN, Beattie 
WS, Reducing Bleeding in Cardiac Sur-
gery (RBC) Investigators. Risk associated 
with preoperative anemia in cardiac sur-
gery: a multicenter cohort study. Circula-
tion 2008; 117: 478-84.
20. Hare GM, Freedman J, Mazer CD. 
Risks of anemia and related management 
strategies: can perioperative blood man-
agement improve patient safety? Can J 
Anaesth 2013; 60: 168-75.
21. Docherty AB, O’Donnell R, Brunskill 
S, et al. Effect of restrictive versus liberal 
transfusion strategies on outcomes in pa-
tients with cardiovascular disease in a non-
cardiac surgery setting: systematic review 
and meta-analysis. BMJ 2016; 352: i1351.
22. Roques F, Nashef SA, Michel P, et al. 
Risk factors and outcome in European 
cardiac surgery: analysis of the EuroS-
CORE multinational database of 19030 
patients. Eur J Cardiothorac Surg 1999; 15: 
816-23.

23. Shehata N, Whitlock R, Fergusson 
DA, et al. Transfusion Requirements in 
Cardiac Surgery III (TRICS III): study de-
sign of a randomized controlled trial.  
J Cardiothorac Vasc Anesth 2017 Novem-
ber 3 (Epub ahead of print).
24. Nashef SA, Roques F, Hammill BG, et 
al. Validation of European System for Car-
diac Operative Risk Evaluation (EuroS-
CORE) in North American cardiac sur-
gery. Eur J Cardiothorac Surg 2002; 22: 
101-5.
25. Whitlock RP, Devereaux PJ, Teoh KH, 
et al. Methylprednisolone in patients 
 undergoing cardiopulmonary bypass 
(SIRS): a randomised, double-blind, pla-
cebo-controlled trial. Lancet 2015; 386: 
1243-53.
26. Engoren MC, Habib RH, Zacharias A, 
Schwann TA, Riordan CJ, Durham SJ. Ef-
fect of blood transfusion on long-term 
survival after cardiac operation. Ann Tho-
rac Surg 2002; 74: 1180-6.
27. Goodnough LT, Brecher ME, Kanter 
MH, AuBuchon JP. Transfusion medicine. 
1. Blood transfusion. N Engl J Med 1999; 
340: 438-47.
28. Carson JL, Terrin ML, Noveck H, et al. 
Liberal or restrictive transfusion in high-
risk patients after hip surgery. N Engl J 
Med 2011; 365: 2453-62.
29. Patel NN, Avlonitis VS, Jones HE, 
Reeves BC, Sterne JA, Murphy GJ. Indica-
tions for red blood cell transfusion in car-
diac surgery: a systematic review and 
meta-analysis. Lancet Haematol 2015; 
2(12): e543-e553.
30. Murphy GJ, Pike K, Rogers CA, et al. 
Liberal or restrictive transfusion after car-
diac surgery. N Engl J Med 2015; 372: 997-
1008.
31. Marik PE, Corwin HL. Efficacy of red 
blood cell transfusion in the critically ill: 
a systematic review of the literature. Crit 
Care Med 2008; 36: 2667-74.
32. Hébert PC, Wells G, Blajchman MA, et 
al. A multicenter, randomized, controlled 
clinical trial of transfusion requirements 
in critical care. N Engl J Med 1999; 340: 
409-17.
33. Jairath V, Kahan BC, Gray A, et al. Re-
strictive versus liberal blood transfusion 
for acute upper gastrointestinal bleeding 
(TRIGGER): a pragmatic, open-label, clus-
ter randomised feasibility trial. Lancet 
2015; 386: 137-44.
34. Holst LB, Petersen MW, Haase N, Per-
ner A, Wetterslev J. Restrictive versus lib-
eral transfusion strategy for red blood cell 

The New England Journal of Medicine 
Downloaded from nejm.org at E-Library Insel on December 8, 2017. For personal use only. No other uses without permission. 

 Copyright © 2017 Massachusetts Medical Society. All rights reserved. 



n engl j med 377;22 nejm.org November 30, 20172144

Red-Cell Tr ansfusion for Cardiac Surgery

transfusion: systematic review of ran-
domised trials with meta-analysis and 
trial sequential analysis. BMJ 2015; 350: 
h1354.
35. Docherty AB, Walsh TS. Anemia and
blood transfusion in the critically ill pa-

tient with cardiovascular disease. Crit 
Care 2017; 21: 61.
36. Hajjar LA, Vincent JL, Galas FR, et al.
Transfusion requirements after cardiac 
surgery: the TRACS randomized con-
trolled trial. JAMA 2010; 304: 1559-67.

37. Koch CG, Sessler DI, Mascha EJ, et
al. A randomized clinical trial of red 
blood cell transfusion triggers in cardiac 
surgery. Ann Thorac Surg 2017; 104: 1243-
50.
Copyright © 2017 Massachusetts Medical Society.

The New England Journal of Medicine 
Downloaded from nejm.org at E-Library Insel on December 8, 2017. For personal use only. No other uses without permission. 

 Copyright © 2017 Massachusetts Medical Society. All rights reserved. 


