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Abstract
BACKGROUND Clinical guidelines have concluded that there are insu!cient data to pro-
vide recommendations for the hemoglobin threshold for the use of red cell transfusion in 
patients with acute myocardial infarction (MI) and anemia. After the recent publication of 
the Myocardial Infarction and Transfusion (MINT) trial, we performed an individual patient-
level data meta-analysis to evaluate the e$ect of restrictive versus liberal blood transfusion 
strategies.

METHODS We conducted searches in major databases. Eligible trials randomly assigned 
patients with MI and anemia to either a restrictive (i.e., transfusion threshold of 7–8 g/dl) or 
liberal (i.e., transfusion threshold of 10 g/dl) red cell transfusion strategy. We used individ-
ual patient data from each trial. The primary outcome was a composite of 30-day mortality 
or MI.

RESULTS We included 4311 patients from four trials. The primary outcome occurred in 
334 patients (15,4-) in the restrictive strategy and ./6 patients (13,8-) in the liberal strat-
egy (relative risk [RR] 1,13, /5- con3dence interval [CI], 0,/7 to 1,30). Death at 30 days 
occurred in /,3- of patients in the restrictive strategy and in 8,1- of patients in the liberal 
strategy (RR 1,15, /5- CI, 0,/5 to 1,3/). Cardiac death at 30 days occurred in 5,5- of 
patients in the restrictive strategy and in 3,7- of patients in the liberal strategy (RR 1,47, 
/5- CI, 1,11 to 1,/4). Heart failure (RR 0,8/, /5- CI, 0,70 to 1,13) was similar in the 
transfusion strategies. All-cause mortality at 6 months occurred in .0,5- of patients in the 
restrictive strategy compared with 1/,1- of patients in the liberal strategy (hazard ratio 
1,08, /5- CI, 1,05 to 1,11).

CONCLUSIONS Pooling individual patient data from four trials did not 3nd a de3nitive 
di$erence in our primary composite outcome of MI or death at 30 days. At 6 months, 
a restrictive transfusion strategy was associated with increased all-cause mortality. 
(Partially funded by a grant from the U.S. National Heart, Lung, and Blood Institute 
[R01HL171/77].)
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Introduction

R ed cell transfusion guidelines have recommended 
adopting a restrictive transfusion strategy in most 
clinical settings because mortality and major clin-

ical outcomes (e.g., infections) are comparable to a liberal 
strategy, and the restrictive strategy uses fewer resources.1 
However, a lack of randomized trial data has precluded rec-
ommendations in patients with myocardial infarction (MI), 
who may be at higher risk of ongoing myocardial ischemia 
and might bene3t from a higher hemoglobin threshold. A 
recent trial-level meta-analysis informing these guidelines 
identi3ed just three trials in 8.0 patients with MIs and 
found inconsistent results among the trials.1-4

The Myocardial infarction and Transfusion Trial (MINT) 
has subsequently been published, in which 3504 patients 
with an acute MI and anemia were randomly allocated to 
a restrictive (transfusion when the hemoglobin ≤8 g/dl) or 
liberal (transfusion when the hemoglobin ≤10 g/dl) trans-
fusion strategy.5 In MINT, the primary outcome of all-cause 
mortality or MI at 30 days occurred in 16,/- of patients 
in the restrictive strategy and 14,5- in the liberal strategy, 
with a relative risk (RR) of 1,15 with a /5- con3dence 
interval (CI) from 0,// to 1,34 (P=0,07).

Prior to completing the MINT,5 we planned an individual 
patient data meta-analysis to generate more precise esti-
mates of treatment e$ects using the totality of available 
randomized evidence. This approach became even more 
relevant given the potentially important 3ndings of MINT 
that overall favored a liberal transfusion strategy, but with 
a CI around the point estimate that included no di$erence. 
Individual patient meta-analysis allows adjustment for 
individual patient characteristics and risk factors, aligns 
outcomes across trials, and allows exploration of treatment 
e$ects across clinically meaningful subgroups.

Methods
IDENTIFICATION OF RANDOMIZED CLINICAL TRIALS

In addition to MINT, we performed literature searches 
for new randomized trials as described in the most recent 
Cochrane review up to August 14, .0.3.6 Searches were 
conducted in MEDLINE, Embase, the Cochrane Library, 
PubMed, Transfusion Evidence Library, Web of Science 
Conference Proceedings Citation Index, ClinicalTrials.
gov and WHO International Clinical Trials Registry. Two 

investigators (J.L.C. and S.J.S.) independently screened the 
titles and abstracts of the search results and identi3ed trials 
that met eligibility criteria. To be eligible, trials had to ran-
domly assign patients with MI to either a lower hemoglobin 
threshold (restrictive transfusion strategy) or a higher trans-
fusion hemoglobin threshold (liberal transfusion strategy). 
Risk of bias was assessed by two reviewers independently 
and disagreements between reviewers’ judgements were 
resolved by consensus (Table S1 in the Supplementary 
Appendix).

DATA COLLECTION AND PROCUREMENT

Principal investigators for each of the eligible trials were 
contacted and asked to participate in our individual patient 
data meta-analysis. We secured data use agreements for all 
trials and the individual patient data from each trial par-
ticipant were provided to Rutgers Robert Wood Johnson 
Medical School for analysis. In collaboration with investi-
gator teams, we developed a standardized list of variables 
with common de3nitions and coding for each covariate and 
outcome variable. The variables included baseline demo-
graphic, clinical history, and laboratory data, assigned 
intervention group, transfusion treatment variables, hemo-
globin concentrations, and clinical outcomes. Most base-
line variables among the trials were de3ned similarly, and 
the individual trial de3nitions were used (Table S.). The 
Rutgers data team replicated and merged the results of the 
published trials using data 3les from each of the trials, and, 
where there were discrepancies, consulted with the trial 
investigators to identify reasons for the di$erent 3ndings. 
No important issues were identi3ed in checking data.

OUTCOME MEASURES

The primary outcome was a composite of death or MI at 
30 days. This outcome was declared a priori as the pri-
mary outcome for this meta-analysis (and MINT) because 
it is both clinically important and potentially modi3able 
by di$erent transfusion strategies (ClinicalTrials.gov num-
ber NCT0./81407; PROSPERO CRD4.0.3446878). 
Secondary outcomes included the components of the pri-
mary outcome (death, recurrent MI), major adverse cardiac 
events (MACE [de3ned as all-cause death, MI, or stroke]), 
cardiac death, the composite of death, MI, or unscheduled 
coronary revascularization, heart failure, unscheduled cor-
onary revascularization, acute renal failure, stroke, pulmo-
nary embolism, or deep venous thrombosis, pneumonia, 
bacteremia, bleeding, all-cause death, and cause-speci3c 
death. The cause of death was classi3ed as cardiac, non-car-
diac, or unknown.



NEJM EVIDENCE 3

At 6 months, the only outcome assessed was mortality. 
The cause of death was classi3ed by sites in three trials 
(Restrictive and Liberal Transfusion Strategies in Patients 
With Acute Myocardial Infarction [REALITY], MINT 
Pilot, and MINT).,3,5 and centrally adjudicated in two trials 
(REALITY and MINT Pilot)..,3

DATA ANALYSIS

We compared a restrictive transfusion strategy with a liberal 
transfusion strategy using an intention-to-treat approach. 
A one-stage individual patient data meta-analysis was con-
ducted to synthesize all data simultaneously while account-
ing for clustering within each of the trials. Speci3cally, a 
multilevel generalized linear model was performed with 
trial-speci3c random e$ects to analyze the treatment e$ect 
for dichotomous 30-day outcomes. We did not include a 
trial-speci3c random treatment e$ect in the model because 
two of the four trials were too small and showed model over-
3t when included. We calculated risk ratios and absolute 
di$erences with /5- CIs from these models. A second-
ary analysis was conducted to adjust for speci3ed baseline 
variables: age (continuous), sex, pre-random-assignment 
hemoglobin level (continuous), ST-segment elevation MI 
(STEMI) versus non-ST-segment elevation MI (NSTEMI), 
pre-random-assignment coronary revascularization, history 
of heart failure, prior history of anemia, diabetes mellitus, 
and history of renal disease. For 6-month time-to-event out-
comes, follow-up was censored at 180 days for all patients. 
We used Cox regression models with trial-speci3c random 
e$ects to estimate the hazard ratios and /5- CIs for the 
overall risk of death at 6 months and 1 year. The propor-
tional hazard assumption was assessed by testing the inter-
action between assigned treatment strategy and time, and 
the proportional hazard assumption was satis3ed (P=0,60). 
We estimated the risk of cause-speci3c death at 6 months 
from cumulative incidence functions using an extension of 
the Fine–Gray competing risk model that incorporates the 
correlation among patients within each trial to estimate haz-
ard ratios and /5- CIs. We assessed and con3rmed the pro-
portional hazard assumption for Cox models.

Subgroup analyses for the composite primary outcome of 
30-day mortality or MI were conducted within the following 
baseline subgroups: STEMI or NSTEMI, coronary revascu-
larization, sex, history of heart failure, renal failure, diabetes, 
history of anemia, age (<60, 60–6/, 70–7/, ≥80 years of age), 
hemoglobin concentration prior to random assignment (<8 
g/dl, 8 to </ g/dl, ≥/ g/dl), and administration of red blood 
cells pre random assignment. Our protocol did not specify a 
plan to adjust for multiple comparisons for the evaluation of 

secondary outcomes; CIs are not adjusted for multiplicity and 
should not be used in place of hypothesis testing.

SAS version /,4 (Cary, North Carolina) was used for 
all analyses. The analysis was approved by the Rutgers 
University Institutional Review Board. The meta-analysis 
was preregistered in PROSPERO7 and the content of this 
report is consistent with Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) report-
ing guidelines.8 Dr. Carson with the assistance of other 
authors designed the study, obtained data use agreements 
with the principal investigators of the trials, vouched for the 
data, and wrote the 3rst draft of the manuscript. Helaine 
Noveck analyzed the data under the direction of the stat-
isticians and investigators. All the authors contributed to 
writing the paper and decided to publish the article. Data 
use agreements preclude sharing the data.

Results
DESCRIPTION OF TRIALS

In addition to MINT,5 three trials (Conservative Versus 
Liberal Red Cell Transfusion in Acute Myocardial Infarction 
[CRIT], REALITY, and the MINT Pilot) were identi3ed.,4,/ 
(Fig. 1). Investigators of the four trials agreed to participate 
in this individual patient data meta-analysis.

The four trials had sample sizes ranging from 45 to 3504 
participants, with a total of 43.5 participants. A total of 14 
participants without an MI enrolled in the MINT Pilot3 were 
excluded, yielding 4311 participants included in the current 
analyses (Table 1). The eligibility criteria were similar across 
trials, and all trials included patients with acute MI and ane-
mia with a hemoglobin concentration less than 10 g/dl. Two 
trials were pilot feasibility trials;3,4 the REALITY trial’s pri-
mary objective was to evaluate cost-e$ectiveness and the 
trial was designed to determine whether a restrictive trans-
fusion strategy was clinically noninferior to a liberal trans-
fusion strategy,. and MINT compared 30-day death or MI 
between transfusion strategies.5 All trials recorded deaths; 
the duration of follow-up varied from 30 days4 to 1 year.. 
Recurrent MI was adjudicated in three of the four trials by 
a committee blinded to the randomly assigned transfusion 
strategy..,3,5 The overall risk of bias was low (Table S1).

TRIAL BASELINE CHARACTERISTICS AND 
TRANSFUSIONS

Overall, the mean age of participants was 7.,. years, 
and 54,/- were men. MINT included MI types 1, ., 4b, 
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3 trials included in
previous version of

review

2362 records after
duplicates removed

2362 records
screened

2 full-text articles
assessed for

eligibility

0 full-text articles
excluded, with

reasons

1 new trial included
(data reported in
two publications)

4 trials included in
qualitative

and quantitative
synthesis (meta-

analysis)

2360 records
excluded

Figure 1. Transfusion Threshold Trials in Patients with Acute Myocardial Infarction.

Table 1. Characteristics of Trials.*

Trial 
Name Population Dates Restrictive Transfusion Liberal Transfusion

Restrictive
N

Liberal
N

Cooper 
et)al. %011

CRIT† Hgb <10 g/dl May %003 
to October 
%00,

Transfusion occurred when HCT 
<%4% to maintain HCT between 
%4 and %*%

Transfusion occurred 
when HCT <30% to 
maintain HCT between 
30 and 33%

%4 %1

Carson 
et)al. %013

MINT 
Pilot‡

Undergoing 
cardiac 
catheterization, 
Hgb <10 g/dl 

March 
%010 to 
May %01%

Transfusion if participants 
developed symptoms of anemia or 
if Hgb fell to <8 g/dl

1 unit of RBCs following 
random assignment 
and enough blood to 
maintain Hgb >10 g/dl

50 46

Ducrocq 
et al. %0%1

REALITY§ Acute MI, Hgb 
<10 g/dl

March 
%016 to 
September 
%01,

Transfusion when Hgb<8 g/dl with 
target 8 g/dl to 10 g/dl

Transfusion when 
Hgb<10 g/dl with target 
>11 g/dl

34% 3%4

Carson 
et)al. %0%3

MINT¶ Acute MI Hgb 
<10 g/dl

April %01* 
to April 
%0%3

Transfusion permitted, when the 
hemoglobin concentration was 
less than 8 g/dl or for anginal 
symptoms not controlled with 
medications

Transfused to maintain 
the hemoglobin 
concentration at -10 
g/dl

1*4, 1*55

* Hgb denotes hemoglobin concentration; HCT, hematocrit; MI, myocardial infarction; and RBC, red blood cell.
† CRIT denotes Conservative Versus Liberal Red Cell Transfusion in Acute Myocardial Infarction.
‡ MINT denotes Myocardial Infarction and Transfusion Trial.
§ REALITY denotes Restrictive Versus Liberal Blood Transfusion strategy on Major Cardiovascular Events Among Patients with Acute Myocardial 

Infarction and Anemia.
¶ Excluded 14 patients who did not have MI.
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and 4c (de3nitions of the type of MI are included in the 
Supplementary Appendix); the other trials did not spec-
ify the type of MI. The baseline characteristics were sim-
ilar between restrictive and liberal transfusion strategies 
(Table 1 and Table S3). The mean hemoglobin concentra-
tion prior to random assignment was 8,7:0,8 g/dl and the 
number of units transfused after random assignment was 
0,8:1,8 g/dl in the restrictive transfusion strategy group 
and .,5:.,3 g/dl in the liberal transfusion strategy group 
(Table .). The frequency of 30-day death or MI, death, MI, 
MACE, and cardiac death varied among the trials and was 
highest in the MINT Pilot (Table 3).

PRIMARY OUTCOME: DEATH OR MI AT 30 DAYS

The primary outcome of death or MI within 30 days 
occurred in 334 of .165 patients (15,4-) in the restric-
tive transfusion strategy group and in ./6 of .146 patients 
(13,8-) in the liberal transfusion strategy group (Fig. .). 
The RR for a restrictive strategy versus a liberal strategy 
in the pooled sample was 1,13 (/5- CI, 0,/7 to 1,30); 
the adjusted pooled RR was 1,1. (/5- CI, 0,/7 to 1,./). 

The absolute di$erence in death or MI at 30 days was 1,3 
percentage points (/5- CI ;0,7 to 3,4). The cumulative 
incidence curves for the composite of death or MI are pre-
sented in Figure 3.

SUBGROUPS EFFECTS FOR THE PRIMARY OUTCOME 
AT 30 DAYS

The e$ect of a restrictive transfusion strategy compared 
with a liberal transfusion strategy on the primary outcome 
of 30-day death or MI (Fig. 4) was consistent across most 
subgroups, favoring a liberal strategy. For patients without a 
history of renal failure, a restrictive transfusion strategy was 
associated with an increased risk of death or MI (RR 1,1/, 
/5- CI, 1,01 to 1,3/), which di$ered from those with a 
history of renal failure, for whom no similar association was 
observed (RR 0,83, /5- CI, 0,56 to 1,.3).

SECONDARY OUTCOMES AT 30 DAYS

Death at 30 days occurred in .01 patients (/,3-) in the 
restrictive transfusion strategy group and 174 patients 
(8,1-) in the liberal transfusion strategy (RR 1,15, /5- CI, 

Table 2. Baseline Characteristics of Trial Participants.*

Overall 
N (%)

Restrictive Transfusion 
N (%)

Liberal Transfusion 
N (%)

Age, mean (SD), years *%.%±11.* *%.3±11.* *%.1±11.*

Male %368/4311 (54.,) 1%14/%165 (56.1) 1154/%146 (53.8)

Hypertension 36%0/430, (84.0) 1808/%163 (83.6) 181%/%146 (84.4)

Diabetes %314/430, (53.*) 1164/%163 (53.8) 1150/%146 (53.6)

Prior MI 141*/4301 (3%.,) *33/%158 (34.0) 684/%143 (31.,)

History of heart failure 1185/430, (%*.5) 5,3/%163 (%*.4) 5,%/%146 (%*.6)

Prior PCI 14*5/4305 (34.3) *6%/%161 (35.3) *13/%144 (33.3)

Prior CABG 88*/4311 (%0.6) 436/%165 (%0.1) 451/%146 (%1.0)

History stroke *%4/430, (16.8) 3*1/%163 (1*.%) 353/%146 (16.4)

Renal insu.ciency 50*/4%,, (11.8) %4*/%15* (11.5) %60/%14% (1%.1)

COPD ,30/4%64 (%1.8) 4*5/%13, (%%.%) 455/%1%5 (%1.4)

Chronic anemia 1653/4%64 (38.8) 816/%13, (38.1) 83*/%1%5 (3,.4)

Current admission

 Index MI STEMI ,08/4311 (%1.1) 454/%165 (%1.0) 454/%146 (%1.%)

 Revascularization prior to random assignment 1380/4311 (3%.0) 6,5/%165 (3%.1) 685/%146 (31.,)

  Hemoglobin concentration prior to random 
assignment

1%58/4%66 (%,.5) 60,/%141 (%8.4) 64,/%1%5 (30.5)

Hemoglobin prior to random assignment, g/dl

 <*.0 105/430% (%.4) 50/%163 (%.3) 55/%13, (%.6)

 *.0–*., *,0/430% (18.4) 410/%163 (1,.0) 380/%13, (1*.8)

 8.0–8., 15,1/430% (3*.0) 803/%163 (3*.1) *88/%13, (36.8)

 -,.0 1816/430% (4%.%) ,00/%163 (41.6) ,16/%13, (4%.8)

*CABG denotes coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; MI, myocardial infarction; SD, standard deviation; and 
PCI, percutaneous coronary intervention.
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0,/5 to 1,3/). Cardiac death occurred in 5,5- of patients 
in the restrictive transfusion strategy and 3,7- of patients 
in the liberal transfusion strategy (RR 1,47, /5- CI, 1,11 to 
1,/4). MI and MACE occurred more frequently in patients 
in the restrictive transfusion strategy than in patients in the 
liberal transfusion strategy, but the /5- CIs included 1,00. 
Adjustment for baseline characteristics had no meaningful 
e$ect on the RR estimates (Fig. S1). All other 30-day e!-
cacy outcomes were similar between the restrictive and lib-
eral strategies (Fig. .).

Among safety outcomes, pneumonia occurred in 5,7- of 
patients in the restrictive transfusion strategy group and 
5,.- of patients in the liberal transfusion strategy (RR 
1,10, /5- CI, 0,84 to 1,44), and the rates of bacteremia 
were nearly the same (Fig. .). Heart failure occurred in 
5,6- of patients in the restrictive transfusion strategy and 
6,.- of patients in the liberal transfusion strategy (RR 
0,8/, /5- CI, 0,70 to 1,13), and pulmonary embolism or 
deep venous thrombosis occurred in 1,.- of patients in the 
restrictive transfusion strategy group and 1,8- of patients 
in the liberal transfusion strategy (RR 0,68, /5- CI, 0,4. 
to 1,1.) (Table 4).

DEATH AT % MONTHS

The duration of follow-up varied among the trials; three 
trials followed patients for at least 6 months (n=4.66)..,3,5 
The restrictive, compared with liberal, transfusion strategy 
was associated with an increased risk of all-cause death at 
6 months (hazard ratio 1,08, /5- CI, 1,05 to 1,11), with 
cumulative incidence curves remaining parallel from 30 
days to 6 months (Fig. 3). The risk of cardiac death at 6 
months was higher with a restrictive transfusion strategy 
than with a liberal transfusion strategy (hazard ratio 1,38, 
/5- CI, 1,08 to 1,76) (Fig. S.).

Discussion
In this individual patient data meta-analysis of 4311 
patients with acute MI and anemia, a restrictive transfusion 
strategy resulted in a 13- relative (1,6 percentage point 
absolute) increase in a composite outcome of death or MI 
at 30 days, but with a /5- CI that included 1,0. The adop-
tion of a restrictive transfusion strategy compared with a 
liberal transfusion strategy was associated with increased 

Outcome

Primary Outcome

Death or MI

Other Outcomes

Death within 30 days

MI

MACE (death, MI, or stroke)

Cardiac death

Death, MI, or unscheduled
revascularization

Unscheduled revascularization

Heart failure

Acute renal failure/dialysis

Stroke

PE/DVT

Pneumonia

Bacteremia

Bleeding

Restrictive
n/N (%)

334/2165 (15.4)

201/2165 (9.3)

163/2165 (7.5)

351/2165 (16.2)

117/2141 (5.5)

361/2141 (16.9)

50/2141 (2.3)

122/2165 (5.6)

235/1883 (12.5)

32/2165 (1.5)

26/2141 (1.2)

103/1799 (5.7)

95/2141 (4.4)

272/2165 (12.6)

Liberal
n/N (%)

296/2146 (13.8)

174/2146 (8.1)

142/2146 (6.6)

319/2146 (14.9)

79/2125 (3.7)

322/2125 (15.2)

45/2125 (2.1)

134/2146 (6.2)

223/1854 (12.0)

29/2146 (1.4)

38/2125 (1.8)

94/1801 (5.2)

91/2125 (4.3)

255/2146 (11.9)

Absolute Difference (95% CI)

1.3% (–0.7 to 3.4)

1.1% (–0.5 to 2.8)

0.5% (–0.9 to 1.9)

1.1% (–1.1 to 3.2)

1.8% (0.6 to 3.1)

1.4% (–0.7 to 3.6)

0.2% (–0.7 to 1.1)

–0.5% (–1.8 to 0.9)

0.6% (–1.4 to 2.7)

0.1% (–0.6 to 0.8)

–0.7% (–1.4 to –0.1)

0.6% (–0.9 to 2.1)

0.2% (–1.1 to 1.4)

0.7% (–1.2 to 2.6)

RR (95% CI)

1.13 (0.97 to 1.30)

1.15 (0.95 to 1.39)

1.15 (0.92 to 1.42)

1.10 (0.96 to 1.26)

1.47 (1.11 to 1.94)

1.12 (0.98 to 1.28)

1.10 (0.74 to 1.64)

0.89 (0.70 to 1.13)

1.04 (0.88 to 1.23)

1.10 (0.67 to 1.81)

0.68 (0.42 to 1.12)

1.10 (0.84 to 1.44)

1.04 (0.78 to 1.38)

1.05 (0.90 to 1.23)

0.50 0.80 1.0 2.0

RR (95% CI)

Restrictive Better Liberal Better

Figure .. Primary and Secondary 30-Day Outcomes.
Risk di(erence models using random e(ects did not converge for bacteremia and we report risk di(erence estimates that did not use 
random e(ects for that outcome. CI denotes con/dence interval; DVT, deep venous thrombosis; MACE, major adverse cardiac events; 
MI, myocardial infarction; PE, pulmonary embolism; and RR, relative risk. Arrow indicates lower limit of con/dence interval extends 
beyond 0.5.
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all-cause mortality at 6 months. The risks of heart failure 
and other safety outcomes were similar between the two 
transfusion strategies.

The observed association for the di$erence in mortality at 
30 days persisted to 6 months, and the absolute di$erence 
remained constant. At 6 months, more deaths occurred in 
the restrictive transfusion arm (.0,5-) than in the liberal 
transfusion arm (1/,1-). The cause-speci3c mortality 
3ndings suggest that a restrictive transfusion strategy was 
associated with a higher risk of death due to cardiac causes. 
However, the best assessment of the e$ect of transfusion 
on mortality is all-cause mortality, which is also the most 
meaningful assessment of the e!cacy and safety of a given 
strategy, making the association between restrictive strat-
egy and increased mortality up to 6 months particularly 
notable.

As we hypothesized in MINT and our individual patient 
data meta-analysis protocol, there is biological plausibil-
ity for why a restrictive transfusion strategy may be harm-
ful in acute MI as oxygen delivery to the myocardium is 

<ow dependent. Oxygen delivery to the myocardium can 
increase substantially only with an increase in blood <ow10 
since the heart consumes 60 to 75- (extraction ratio) 
of all oxygen delivered by the coronary circulation.11-13 
Therefore, myocardial ischemia may be precipitated or 
worsened by low hemoglobin concentrations, especially in 
patients with coronary stenosis and/or complete obstruc-
tion that leads to MI.

Combining trials using individual patient data allows exam-
ination of less frequent, but important, outcomes such as 
mortality, and provides the most precise available esti-
mates of treatment e$ect. Precision was enhanced through 
several additional steps. Speci3cally, to combine the 
REALITY results with the other three trials, we created a 
composite primary outcome of death or MI at 30 days from 
REALITY individual patient data that had not been previ-
ously reported by the trial. We also conducted an adjusted 
analysis for important patient-level baseline characteris-
tics, which cannot be performed in a trial-level meta-anal-
ysis. Finally, we examined 6-month mortality in the three 
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Figure 3. Cumulative Incidence of Death or Myocardial Infarction at 30 Days and All-Cause Death at 
180 Days.

The rate of death or MI at 30 days was 15.4% in the restrictive transfusion strategy and 13.8% in the liberal transfusion strategy. The 
rate of all-cause death at 30 days was ,.3% in the restrictive transfusion strategy and 8.1% in the liberal transfusion strategy. The rate 
of all-cause death at 180 days was %0.5% in the restrictive transfusion strategy and 1,.1% in the liberal transfusion strategy. CI denotes 
con/dence interval; MI, myocardial infarction; and RR, relative risk.
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largest trials that followed patients beyond hospitalization. 
These results are consistent with three published trial-level 
meta-analyses.14-16

The results of this meta-analysis in patients with MI di$er 
from those observed in other clinical settings.6 In patients 

with acute blood loss, including gastrointestinal bleed-
ing, a restrictive transfusion strategy may be superior to 
a liberal transfusion strategy.17 In other clinical settings, 
including orthopedic surgery, critical care, and cardiac 
surgery, trials have consistently demonstrated no evi-
dence to support the use of a liberal transfusion strategy in 

Subgroup

All patients

Age
<60 years
60 to 69 years
70 to 79 years
80 years and older

Restrictive
n/N (%)

334/2165 (15.4%)

30/282 (10.6%)
69/502 (16.7%)

139/752 (18.5%)
96/628 (15.3%)

Liberal
n/n (%)

296/2146 (13.8%)

25/304 (8.2%)
57/527 (10.8%)

122/727 (16.8%)
92/587 (15.7%)

Absolute Difference (95% CI)

1.3% (–0.7 to 3.4)

2.4% (–2.3 to 7.2)
2.9% (–1.1 to 6.9)
1.7% (–2.2 to 5.6)

–0.4% (–4.5 to 3.7)

RR (95% CI)

1.13% (–0.97 to 1.30)

1.28% (0.77 to 2.13)
1.29% (0.93 to 1.80)
1.09% (0.87 to 1.36)
0.98% (0.76 to 1.28)

1.15 (0.94 to 1.40)
1.10 (0.89 to 1.36)

Sex
Male
Female

Index MI
STEMI
NSTEMI

186/1214 (15.3%)
148/951 (15.6%)

63/454 (13.9%)
271/1711 (15.8%)

226/1570 (14.4%)
108/593 (18.2%)

194/1554 (12.5%)
102/592 (17.2%)

1.6% (–0.8 to 3.9)
1.0% (–3.4 to 5.3)

155/1154 (13.4%)
141/992 (14.2%)

59/454 (13.0%)
237/1692 (14.0%)

1.2%/ (–3.1 to 5.5%)
1.5%/ (–0.9 to 3.8%)

1.09 (0.78 to 1.51)
1.13 (0.97 to 1.33)

1.16 (0.97 to 1.39)
1.06 (0.83 to 1.35)

1.4% (–1.4 to 4.2)
1.3% (–1.9 to 4.4)

History of heart failure
No 
Yes

75/460 (16.3%)
119/803 (14.8%)
140/900 (15.6%)

82/435 (18.9%)
97/788 (12.3%)

117/916 (12.8%)

–2.5% (–7.5 to 2.5)
2.5% (–0.9 to 5.9)
2.8% (–0.4 to 0.6)

0.87 (0.66 to 1.16)
1.22 (0.95 to 1.57)
1.22 (0.97 to 1.53)

Pre random assignment: — hemoglobin
<8 g/dL
8 to <9 g/dL
9 g/dL and greater

230/1532 (15.0%)
102/609 (16.7%)

187/1476 (12.7%)
107/649 (16.5%)

1.9% (–0.6 to 4.3)
0.3% (–3.9 to 4.4)

1.19 (1.00 to 1.43)
1.02 (0.79 to 1.30)

Pre random assignment: — RBCs
No
Yes

240/1470 (16.3%)
94/695 (13.5%)

212/1461 (14.5%)
84/685 (12.3%)

1.6% (–1.0 to 4.2)
1.0% (–2.4 to 4.5)

1.13 (0.96 to 1.34)
1.11 (0.84 to 1.45)

Pre random assignment: — revascularization
No
Yes

207/1323 (15.6%)
125/816 (15.3%)

169/1288 (13.1%)
125/837 (14.9%)

2.2% (–0.4 to 4.9)
0.1% (–3.3 to 3.5)

1.20 (1.00 to 1.45)
1.03 (0.82 to 1.29)

History of anemia
No
Yes

150/999 (15.0%)
184/1164 (15.8%)

135/996 (13.6%)
161/1150 (14.0%)

1.2 (–1.8 to 4.2)
1.6 (–1.3 to 4.5)

1.11 (0.90 to 1.38)
1.14 (0.94 to 1.38)

History of diabetes therapy 
No
Yes

295/1910 (15.4%)
38/247 (15.4%)

247/1882 (13.1%)
48/260 (18.5%)

2.0% (–0.2 to 4.2)
–3.2% (–9.7 to 3.3)

1.19 (1.01 to 1.39)
0.83 (0.56 to 1.23)

History of renal failure
No
Yes

2.01.0

RR (95% CI)

0.800.50

<---Restrictive Better--- ---Liberal Better--->

Figure 4. Subgroup Analysis for Primary Outcome of Death or Myocardial Infarction at 30 Days.
Risk di(erence models using random e(ects did not converge for the subgroup age and subgroup random assignment hemoglobin. 
For each of these, we report risk di(erence estimates that do not use random e(ects. CI denotes con/dence interval; MI, myocardial 
infarction; NSTEMI, non-ST-segment elevation myocardial infarction; STEMI, ST-segment elevation myocardial infarction; RBC, red 
blood cell; and RR, relative risk. Arrow indicates upper limit of con/dence interval extends beyond %.0.
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adults or children. When trials comparing restrictive with 
liberal transfusion strategies in all populations are com-
bined, the summary RR for 30-day mortality was 1,00 
(/5- CI, 0,86 to 1,16). This leads to the conclusion that 
transfusion threshold has no e$ect on mortality,1 inform-
ing a general recommendation for restrictive transfusion 
policies in guidelines.1,18 However, patients with MI may 
respond di$erently to blood transfusion and thus need to 
be studied separately.

The two largest trials included in this analysis, REALITY 
and MINT, had outcomes on 30-day death or MI in opposite 

directions. The most likely explanation for the di$erence 
between the trials is chance. REALITY was roughly one 
3fth the size of MINT, and smaller trials are more likely to 
produce extreme results and have greater uncertainty with 
wide CIs. In fact, the CI for the REALITY result includes 
the point estimate of the MINT primary outcome. There are 
minor design di$erences between the trials; however, we 
do not know whether or how these di$erences might have 
impacted the results. The REALITY outcomes included in 
this analysis, 30-day death or MI, were not its primary out-
come. One of the strengths of a meta-analysis is to combine 

Table 3. Primary and Secondary Outcomes for the Four Trials.*

Outcome N/N (%)
Restrictive Transfusion 

N/N (%)
Liberal Transfusion N/N 

(%) RR (95% CI)

Death or MI within 30 days 630/4311 (14.6) 334/%165 (15.4) %,6/%146 (13.8) 1.13 (0.,* to 1.30)

 MINT 550/3%50 (15.*) %,5/1*4, (16.,) %55/1*55 (14.5) 1.16 (1.00 to 1.35)

 REALITY 5,/666 (8.,) %6/34% (*.6) 33/3%4 (10.%) 0.*5 (0.46 to 1.%%)

 MINT Pilot 1*/,6 (1*.*) 11/50 (%%.0) 6/46 (13.0) 1.6, (0.68 to 4.1,)

 CRIT 4/45 (8.,) %/%4 (8.3) %/%1 (,.5) 0.88 (0.13 to 5.68)

Death within 30 days 3*5/4311 (8.*) %01/%165 (,.3) 1*4/%146 (8.1) 1.15 (0.,5 to 1.3,)

 MINT 31,/3504 (,.1) 1*3/1*4, (,.,) 146/1*55 (8.3) 1.1, (0.,6 to 1.4*)

 REALITY 46/666 (6.,) %0/34% (5.8) %6/3%4 (8.0) 0.*3 (0.4% to 1.%8)

 MINT Pilot */,6 (*.3) 6/50 (1%.0) 1/46 (%.%) 5.5% (0.6, to 44.13)

 CRIT 3/45 (6.*) %/%4 (8.3) 1/%1 (4.8) 1.*5 (0.1* to 1*.,5)

MI 305/4311 (*.1) 163/%165 (*.5) 14%/%146 (6.6) 1.15 (0.,% to 1.4%)

 MINT %*5/%504 (*.8) 14,/1*4, (8.5) 1%6/1*55 (*.%) 1.1, (0.,4 to 1.4,)

 REALITY 1*/666 (%.6) */34% (%.0) 10/3%4 (3.1) 0.66 (0.%6 to 1.*%)

 MINT Pilot 1%/,6 (1%.5) */50 (14.0) 5/46 (10.,) 1.%, (0.44 to 3.*8)

 CRIT 1/45 (%.%) 0/%4 (0) 1/%1 (4.8) —

MACE (death, MI, or stroke) 6*0/4311 (15.5) 351/%165 (16.%) 31,/%146 (14.,) 1.10 (0.,6 to 1.%6)

 MINT 585/35,4 (16.*) 310/1*4, (1*.*) %*5/1*55 (15.*) 1.31 (0.,8 to 1.31)

 REALITY 63/666 (,.5) %8/34% (8.%) 35/3%4 (10.8) 0.*6 (0.4* to 1.%%)

 MINT Pilot 18/,6 (18.8) 11/50 (%%.0) */46 (15.%) 1.45 (0.61 to 3.41)

 CRIT 4/45 (8.,) %/%4 (8.3) %/%1 (,.5) 0.88 (0.13 to 5.68)

Cardiac death 1,6/4%66 (4.6) 11*/%141 (5.5) *,/%1%5 (3.*) 1.4* (1.11 to 1.,4)

 MINT 153/3504 (4.4) ,*/1*4, (5.5) 56/1*55 (3.%) 1.*4 (1.%6 to %.40)

 REALITY 36/666 (5.4) 14/34% (4.1) %%/3%4 (6.8) 0.60 (0.31 to 1.16)

 MINT Pilot */,6 (*.3) 6/50 (1%.0) 1/46 (%.%) 5.5% (0.6, to 44.1)

 CRIT N/A

Death, MI, or unscheduled 
revasculartization

683/4%66 (16.0) 361/%141 (16.,) 3%%/%1%5 (15.%) 1.1% (0.,8 to 1.%8)

 MINT 600/3504 (1*.1) 31,/1*4, (4,.,) %81/1*55 (16.0) 1.14 (0.,8 to 1.3%)

 REALITY 64/666 (,.6) %,/34% (8.5) 35/3%4 (10.8) 0.*, (0.4, to 1.%5)

 MINT Pilot 1,/,6 (1,.8) 13/50 (%6.0) 6/46 (13.0) 1.,, (0.83 to 4.80)

 CRIT N/A

*CI denotes con/dence interval; CRIT, Conservative Versus Liberal Red Cell Transfusion in Acute Myocardial Infarction; MACE, major adverse cardiac 
event; MI, myocardial infarction; MINT, Myocardial Ischemia and Transfusion; REALITY, Restrictive Versus Liberal Blood Transfusion strategy on Major 
Cardiovascular Events Among Patients with Acute Myocardial Infarction and Anemia; and RR, relative risk.
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the results of multiple trials, sometimes with apparently 
divergent outcomes, to provide the best estimate of the e!-
cacy and safety of an intervention.

There are a number of limitations to this analysis. Because 
we did not include a provision for correcting for multi-
plicity, results are reported as point estimates and /5- 
CIs, and the intervals should not be used to reject or not 
reject the null hypothesis. There were design di$erences 
among the trials that limited our analysis. REALITY did 
not include patients receiving transfusion prior to random 

assignment, while the MINT trial did. Both MINT trials 
screened for recurrent MI using surveillance troponins for 
3 days post random assignment, while REALITY did not. 
Post-random-assignment detailed hemoglobin results were 
not available for analysis in two of the trials. Comparison of 
outcomes of type 1 to type . MI may be important1/ but was 
not possible because only MINT classi3ed the type of MI at 
baseline. Over 80- of the participants in this meta-analysis 
are from MINT and so these results are necessarily similar 
to those of MINT. Finally, we were not able to collect non-
fatal outcomes beyond 30 days.

Table (. Adverse E)ects.*

Outcome N/N(%)
Restrictive Transfusion 

N/N (%)
Liberal Transfusion N/N 

(%) RR (95% CI)

Acute heart failure %56/4311 (5.,) 1%%/%165 (5.6) 134/%146 (6.%) 0.8, (0.*0 to 1.13)

 MINT %13/3504 (6.1) 10%/1*4, (5.8) 111/1*55 (6.3) 0.,% (0.*1 to 1.%0)

 REALITY %3/666 (3.5) 11/34% (3.%) 1%/3%4 (3.*) 0.8* (0.3, to 1.,4)

 MINT Pilot 8/,6 (8.3) 6/50 (1%.0) %/46 (4.3) %.*6 (0.5, to 13.00)

 CRIT 1%/45 (%6.*) 3/%4 (1%.5) ,/%1 (4%.,) 0.%, (0.0, to 0.,4)

Acute renal failure/dialysis 458/3*3* (1%.3) %35/1883 (1%.5) %%3/1854 (1%.0) 1.04 (0.88 to 1.%3)

 MINT 403/308, (13.0) %0%/1546 (13.1) %01/1543 (13.0) 1.00 (0.84 to 1.%0)

 REALITY 53/611 (8.*) 3%/31* (10.1) %1/%,4 (*.1) 1.41 (0.83 to %.3,)

 MINT Pilot N/A

 CRIT %/3* (5.4) 1/%0 (5.0) 1/1* (5.,) 0.85 (0.06 to 1%.6)

Stroke 61/4311 (1.4) 3%/%165 (1.5) %,/%146 (1.4) 1.10 (0.6* to 1.81)

 MINT 56/3504 (1.6) 30/1*4, (1.*) %6/1*55 (1.5) 1.16 (0.6, to 1.,5)

 REALITY 4/666 (0.6) %/34% (0.6) %/3%4 (0.6) 0.,5 (0.13 to 6.6,)

 MINT Pilot 1/,6 (1.0) 0/50 (0) 1/46 (%.%) —

 CRIT 0/45 (0) 0/%4 (0) 0/%1 (0) —

PE or DVT 64/4%66 (1.5) %6/%141 (1.%) 38/%1%5 (1.8) 0.68 (0.4% to 1.1%)

 MINT 60/3504 (1.*) %6/1*4, (1.5) 34/1*55 (1.,) 0.** (0.46 to 1.%*)

 REALITY 3/666 (0.5) 0/34% (0) 3/3%4 (0.,) —

 MINT Pilot 1/,6 (1.0) 0/50 (0) 1/46 (%.%) —

 CRIT N/A

Bacteremia 186/4%66 (4.4) ,5/%141 (4.4) ,1/%1%5 (4.3) 1.04 (0.*8 to 1.38)

 MINT 161/3504 (4.6) 81/1*4, (4.6) 80/1*55 (4.6) 1.0% (0.*5, 1.3*)

 REALITY %5/666 (3.8) 14/34% (4.1) 11/3%4 (3.4) 1.%1 (0.56 to %.6%)

 MINT Pilot 0/,6 (0) 0/50 (0) 0/46 (0) —

 CRIT N/A

Bleeding 5%*/4311 (1%.%) %*%/%165 (1%.6) %55/%146 (11.,) 1.05 (0.,0 to 1.%3)

 MINT 38,/3504 (11.1) 1,8/1*4, (11.3) 1,1/1*55 (10.,) 1.04 (0.86 to 1.%5)

 REALITY 1%,/666 (1,.4) 6*/34% (1,.6) 6%/3%4 (1,.1) 1.0% (0.*5 to 1.40)

 MINT Pilot 5/,6 (5.%) 3/50 (6.0) %/46 (4.3) 1.38 (0.%4 to *.8,)

 CRIT 4/45 (8.,) 4/%4 (16.*) 0/%1 (0) —

*CI denotes con/dence interval; CRIT, Conservative Versus Liberal Red Cell Transfusion in Acute Myocardial Infarction; DVT, deep venous thrombosis; 
MINT, Myocardial Ischemia and Transfusion; N/A, not applicable; REALITY, Restrictive Versus Liberal Blood Transfusion strategy on Major 
Cardiovascular Events Among Patients with Acute Myocardial Infarction and Anemia; PE, pulmonary embolism; and RR, relative risk.
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Conclusion
By analyzing all patient data from four randomized trials, 
we did not demonstrate a di$erence in death or MI at 30 
days between liberal and restrictive transfusion thresholds. 
A restrictive transfusion strategy was associated with an 
increased risk of 30-day cardiac mortality and 6-month all-
cause mortality.
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