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ABSTRACT
Background: Red blood cell transfusion can cause fluid overload. We
evaluated the interaction between heart failure (HF) at baseline and
transfusion strategy on outcomes in acute myocardial infarction (AMI).
Methods: We used data from the randomized REALITY trial. HF was
defined as history of HF or Killip class > 1 at randomization. Primary
outcome was major adverse cardiovascular events (MACE): composite
of all-cause death, nonrecurrent AMI, stroke, or emergency revascu-
larization prompted by ischemia at 30 days.
Results: Among 658 randomized patients, 311 (47.3%) had HF. Pa-
tients with HF had higher rates of MACE at 30 days and 1 year and
higher rates of nonfatal new-onset HF. There was no interaction be-
tween HF and effect of randomized assignment on the primary
outcome or nonfatal new-onset HF. A liberal transfusion strategy was
associated with increased all-cause death at 30 days and at 1 year in
patients with HF (Pinteraction ¼ 0.009 and P ¼ 0.049, respectively). The
main numerical difference in cause of death between restrictive and
liberal strategies was death by HF at 30 days (4 vs 11).
Conclusions: HF is frequent in patients with AMI and anemia and is
associated with higher risk of MACE (including all-cause death) and
nonfatal new-onset HF. Although there was no interaction of HF with
effect of transfusion strategy on MACE, a liberal transfusion strategy
was associated with higher all-cause death that appears driven by a
higher risk of early death caused by HF.
Clinical Trial Registration: NCT02648113.
Received for publication October 25, 2023. Accepted February 18, 2024.
zThe REALITY investigators are listed online at https://jamanetwork.

com/journals/jama/fullarticle/2776201.
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R�ESUM�E
Contexte : La transfusion de globules rouges peut entraîner une sur-
charge hydrosod�ee. Nous avons �evalu�e l’interaction entre l’insuffisance
cardiaque (IC) initiale et la strat�egie de transfusion sur le pronostic
d’infarctus aigu du myocarde (IAM).
M�ethodes : Nous avons utilis�e les donn�ees de l’essai randomis�e RE-
ALITY. L’IC �etait d�efinie par des ant�ec�edents d’IC ou une classe de
Killip > 1 au moment de la randomisation. Le critère principal
d’�evaluation �etait les �ev�enements cardiovasculaires ind�esirables
majeurs (ECIM) : un composite regroupant les d�ecès toutes causes
confondues, l’IAM non r�ecidivant, l’accident vasculaire c�er�ebral ou la
revascularisation d’urgence motiv�ee par une isch�emie à 30 jours.
R�esultats : Parmi les 658patients randomis�es, 311 (47,3%) souffraient
d’IC. Les patients atteints d’IC pr�esentaient des taux plus �elev�es d’ECIM à
30 jours et à 1 an, ainsi quedes taux plus �elev�es de nouvelle IC non fatale.
Il n’a pas �et�e observ�e d’interaction entre l’IC et l’effet de la randomisation
sur le critère principal d’�evaluation ou les �episodes d’IC non mortels. Une
strat�egie de transfusion lib�erale a �et�e associ�ee à une augmentation des
d�ecès toutes causes confondues à 30 jours et à 1 an chez les patients
atteints d’IC (Pinteraction ¼ 0,009 et P ¼ 0,049, respectivement). La prin-
cipalediff�erence num�erique dans les causesded�ecès entre les strat�egies
restrictive et lib�erale �etait la mort par IC à 30 jours (4 vs 11).
Conclusions : L’IC est fr�equente chez les patients atteints d’IAM et
d’an�emie, et elle est associ�ee à un risque plus �elev�e d’ECIM (y compris le
d�ecès toutes causes confondues) et de nouvelle IC non fatale. Bien qu’il
n’y ait pas eu d’interaction entre l’IC et l’effet de la strat�egie de trans-
fusion sur les ECIM, une strat�egie de transfusion lib�erale a �et�e associ�ee à
un risque plus �elev�e de d�ecès toutes causes confondues, qui semble être
dû à un risque plus �elev�e de d�ecès pr�ecoce caus�e par l’IC.
Enregistrement de l’essai : NCT02648113.
The benefit of red blood cell (RBC) transfusion strategies in
patients with acute myocardial infarction (AMI) and anaemia
remains debated, with observational studies yielding con-
flicting results.1-3 In the Restrictive and Liberal Transfusion
Strategies in Patients With Acute Myocardial Infarction
(REALITY) trial, a restrictive transfusion strategy (transfusion
triggered by haemoglobin concentration � 80 g/L) was
noninferior to a liberal transfusion strategy (triggered by he-
moglobin concentration � 100 g/L) at 30 days,4 but non-
inferiority was no longer present at 1 year.5 The population of
patients with AMI and anemia is, however, heterogeneous.
One potential concern with RBC transfusion is the risk of
fluid overload and acute heart failure (HF).6 The balance of
benefits and risks of transfusion strategies may therefore differ
between patients with vs without HF. Hence, we sought to
evaluate the potential interaction between HF and transfusion
strategies on outcomes in patients with AMI.
Methods

Study population

REALITY (NCT02648113) was an open-label randomized
trial conducted in France and Spain including 668 patients with
AMI and hemoglobin concentrations between 70 and 100 g/L.
Patients were randomized (1:1) to either a restrictive transfusion
strategy, in which transfusions were withheld unless hemoglo-
bin was� 80 g/L, with a target hemoglobin concentration of 80
to100 g/L, or a liberal transfusion strategy, in which trans-
fusions were allowed as soon as hemoglobin was � 100 g/L,
with a target hemoglobin of � 110 g/L. The study was per-
formed according to the Declaration of Helsinki and Good
Clinical Practice and was approved by the Comit�e de Protection
des Personnes, Île de France-I, France, and the ethics committee
of Hospital Clinic, Barcelona, Spain. All patients provided
written informed consent.

Patient baseline characteristics and transfusion manage-
ment are described according to HF status, with HF defined
as a history of HF or Killip class > 1 at randomization.

Outcomes

The primary outcome of major adverse cardiovascular
events (MACE) was defined as the composite of all-cause
death, nonfatal stroke, nonfatal recurrent myocardial infarc-
tion, or emergency revascularization prompted by ischemia.
Secondary exploratory outcomes were MACE at 1 year, the
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https://clinicaltrials.gov/study/NCT02648113
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individual components of MACE, nonfatal new-onset HF
(defined as congestive HF or cardiogenic shock) and overall
new-onset HF (defined as nonfatal new-onset HF and death
caused by congestive HF or cardiogenic shock) at 30 days and
1 year. Both MACE and HF events were adjudicated by a
critical event committee blinded to treatment assignment.

Statistical analysis

The current post hoc analysis was based on the intention to
treat (ITT) population with available data on HF status. Sensi-
tivity analyses were conducted comparingKillip class 1 with class
> 1 patients, irrespective of a previous history of HF. The main
analysis was post hoc, whereas the sensitivity analysis was pre-
specified.7 Baseline characteristics are expressed as numbers and
percentages for categorical variables and as means � standard
deviations (SDs) or medians (quartile 1, quartile 3) for contin-
uous variables, depending on their distribution. Groups ac-
cording to HF status were compared using Pearson’s c2 test or
Fisher’s exact test for categorical variables, depending on validity
conditions, and Student’s t-test or Wilcoxon’s rank-sum test for
continuous variables, depending on their distribution.

Relative risk (RR), defined as p1/p2, with p1 ¼ n11/n1 and
p2 ¼ n21/n2, in which n11 is the event number and n1 is the
total number of patients in the restrictive group and n21 is the
event number and n2 is the total number of patients in the
liberal group. Ninety-five percent confidence intervals (CIs)
were estimated using the Wald method. The interaction
among groups according to HF status and transfusion strategy
was tested using logistic regression.

Survival was estimated using the Kaplan-Meier method. A
stratified Cox proportional hazards model was used to estimate
the hazard ratios (HRs) and 95%CIs for the effect of transfusion
strategy according to HF status on MACE-free survival and
overall survival at 30 days and at 1 year. Data for patients with
no evidence of an event were censored at 30 days or 1 year. The
risk-proportionality hypothesis was verified by testing the
interaction between interest variable and time.

All superiority tests and 95% CIs were 2-sided, and P
values < 0.05 were considered significant. No adjustment was
planned for multiplicity. Because of the potential for type I
Patients with complete follow-up
N=666

Patients with complete data
n=658

Heart failure
n=311 (47.3%)

N
n

Figure 1. Flow chart of the study population.
error caused by multiple comparisons, analyses should be
interpreted as exploratory. Statistical analyses were performed
using SAS version 9.4 (SAS Institute Inc, Cary, North
Carolina, USA).

The Consolidated Standards of Reporting Trials
(CONSORT) checklist is included in Supplemental
Appendix S1.
Results

Baseline characteristics

Among 666 patients randomized in the REALITY trial, 8
had no information on Killip class on admission or history of
HF and were excluded from this analysis, leaving 658 patients
in the study population. Of these, 311 patients (47.3%) had
HF at baseline (Fig. 1).

Briefly, patients with HF were older (median 78 vs 76
years) and more likely to be male (65.6% vs 50.7%)
(Table 1). They had more comorbidities, with a higher
prevalence of diabetes, history of acute coronary syndrome,
percutaneous coronary intervention, and renal failure
(Table 1). NoneST-segment elevation myocardial infarction
(NSTEMI) was more common among patients with HF
(76.5% vs 63.7%, respectively). The detailed baseline char-
acteristics of patients with HF according to inclusion status
(history of HF vs Killip class > 1) are shown in Supplemental
Table S1. Baseline characteristics of HF patients according to
the allocated strategy (restrictive vs liberal) are provided in
Supplemental Table S2.
Outcomes

The distribution of packed RBC units received according
to HF status and treatment group is shown in Table 2. As
expected, there was a major difference in the rate of trans-
fusions between randomized arms, with fewer transfusions in
the restrictive arm; this difference was consistent for patients
with vs without HF (38.8% vs 99.3% and 33.5% vs 100.0%,
respectively).
Excluded:
8 patients without information
on Killip class at admission or
history of heart failure

o heart failure
=347 (52.7%)



Table 1. Characteristics at admission according to HF status

Characteristic HF (n ¼ 311) No HF (n ¼ 347) P value

Age, years 78 (70, 86) 76 (67, 83) 0.007*
Male sex 204 (65.6) 176 (50.7) < 0.0001y

Racez (n ¼ 308) (n ¼ 342) 0.60x

White 269 (87.3) 288 (84.2)
North Africa 25 (8.1) 39 (11.4)
African/Caribbean 8 (2.6) 8 (2.3)
Indian 4 (1.3) 3 (0.9)
Other Asian 2 (0.6) 4 (1.2)

Body mass index, kg/m2 (n ¼ 301)
26.7 � 5.5

(n ¼ 342)
26.6 � 4.9

0.83{

Risk factors#

Hypertension 251 (80.7) 272 (78.4) 0.46y

Dyslipidemia 176 (56.6) 212 (61.1) 0.24y

Diabetes 174 (55.9) 154 (44.4) 0.003y

Tobacco smoking (n ¼ 281) (n ¼ 320) 0.14y

Never 132 (47.0) 153 (47.8)
Current 35 (12.5) 56 (17.5)
Former 114 (40.6) 111 (34.7)

Family history of coronary artery disease (n ¼ 305)
34 (11.1)

(n ¼ 346)
55 (15.9)

0.08y

Cardiac history# before index event
Acute coronary syndrome 137 (44.1) 100 (28.8) < 0.0001y

Percutaneous coronary intervention 127 (40.8) 95 (27.4) 0.0003y

Angina 50 (16.1) 48 (13.8) 0.42y

Atrial fibrillation 71 (22.8) 47 (13.5) 0.002y

Coronary artery bypass graft 43 (13.8) 43 (12.4) 0.59y

Congestive HF 82 (26.4) 0 (0.0) < 0.0001y

Internal cardiac defibrillator 13 (4.2) 9 (2.6) 0.26y

Noncardiac medical history#

Chronic anemia** 62 (19.9) 59 (17.0) 0.33y

Cancer, previously treated (n ¼ 310)
42 (13.5)

43 (12.4) 0.51y

Cancer, under treatment 23 (7.4) 19 (5.5)
Chronic obstructive pulmonary disease 38 (12.2) 35 (10.1) 0.38y

Dialysis 30 (9.6) 25 (7.2) 0.26y

History of bleeding requiring hospitalization and transfusion 22 (7.1) 21 (6.1) 0.60y

Index hospitalization
MI type 0.0003y

NSTEMI 238 (76.5) 221 (63.7)
STEMI 73 (23.5) 126 (36.3)

Killip classyy at admission (n ¼ 310) < 0.0001y

I 25 (8.1) 347 (100%)
II 175 (56.5) 0 (0.0)
III 93 (30.0) 0 (0.0)
IV 17 (5.5) 0 (0.0)

Delay between admission and randomization, days (n ¼ 305)
1.9 (0.9, 3.9)

(n ¼ 338)
1.6 (0.8, 3.3)

0.013{

Active bleedingzz 30 (9.6) 55 (15.9) 0.018y

Creatinine clearance at randomization,xx mL/min/1.73 m2 (n ¼ 306)
35.2 (21.1, 57.4)

(n ¼ 345)
57.3 (33.3, 81.4)

< 0.0001*

Values are n (%), mean � standard deviation, or median (quartile 1, quartile 3). Percentages may not add to 100 because of rounding.
HF, heart failure; MI, myocardial infarction; NSTEMI, noneST-segment elevation MI; STEMI, ST-segment elevation MI.
*Wilcoxon’s rank sum test.
y Pearson’s c2 test.
z Self-reported.
x Fisher’s exact test.
{ Student’s t-test.
# Collected through chart review.
** Pre-existing anemia not caused by acute bleeding.
yyKillip class was determined by investigators according to clinical examination: class I: no sign of congestion; class II: basal rales on auscultation; class III: acute

pulmonary oedema; class IV: cardiogenic shock.
zzActive bleeding identified and documented during the index admission before randomization.
xxAccording to the Chronic Kidney Disease Epidemiology Collaboration formula.
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At 30 days, patients with HF had higher rates of MACE
(12.9% vs 8.1%), nonfatal new-onset HF (5.5% vs 1.7%), and
all-cause death (9.7%vs4.6%) thanpatientswithoutHF. Similar
observations were made at 1 year (Supplemental Table S3).
There were no differences in rates of MACE between
restrictive and liberal groups in patients with HF at 30 days
(RR, 0.62; 95% CI, 0.34-1.12) or at 1 year (RR, 1.08; 95%
CI, 0.82-1.44) as well as in patients without HF at 30 days



Table 2. Transfusions in patients with and without HF according to a restrictive or liberal transfusion strategy (intention-to-treat population)

HF population No HF population

Restrictive (n ¼ 160) Liberal (n ¼ 151) Restrictive (n ¼ 176) Liberal (n ¼ 171)

Received transfusion 62 (38.8) 150 (99.3) 59 (33.5) 171 (100.0)
Units of packed red blood cells

transfused
0 98 (61.3) 1 (0.7) 117 (66.5) 0 (0.0)
1 19 (11.9) 26 (17.2) 7 (4.0) 30 (17.5)
2 23 (14.4) 60 (39.7) 38 (21.6) 71 (41.5)
3 6 (3.8) 24 (15.9) 6 (3.4) 25 (14.6)
� 4 12 (7.5) 27 (17.9) 8 (4.5) 31 (18.1)
� 1 but exact number not available 2 (1.3) 13 (8.6) 0 (0.0) 14 (8.2)

Values are n (%). Percentages may not add to 100 because of rounding.
HF, heart failure.
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(RR, 1.12; 95% CI, 0.55-2.28) or at 1 year (RR, 1.21; 95%
CI, 0.80-1.83). In addition, there was no interaction between
HF and the effect of randomized assignment on MACE
(Pinteraction ¼ 0.20 at 30 days and 0.76 at 1 year). Similar
observations were made for nonfatal new-onset HF
(Pinteraction ¼ 0.44 at 30 days and 0.43 at 1 year) as well as for
overall new-onset HF (Pinteraction ¼ 0.77 at 30 days and 0.23
at 1 year).
Subgroup

MACE
At 30 days

Restrictive
Events/N (%)

Liberal
Events/N (%)

HF 16/160 (10.0) 24/149 (16.1) 0.62 (0.34

No HF 15/175 (8.6) 13/170 (7.6) 1.12 (0.55

Non-fatal recurrent HF
HF 9/160 (5.6) 8/149 (5.4) 1.05 (0.42

No HF 2/175 (1.1) 4/170 (2.4) 0.49 (0.09

All-cause death
HF 9/160 (5.6) 21/149 (14.1) 0.40 (0.19

No HF 11/175 (6.3) 5/170 (2.9) 2.14 (0.76

RR (95%

MACE
At 1 year

HF 64/160 (40.0) 55/149 (36.9) 1.08 (0.82

No HF 40/174 (23.0) 32/168 (19.0) 1.21 (0.80

Non-fatal recurrent HF
HF 9/159 (5.7) 8/149 (5.4) 1.05 (0.42

No HF 2/174 (1.1) 4/168 (2.4) 0.48 (0.09

All-cause death
HF 45/160 (28.1) 47/149 (31.5) 0.89 (0.64

No HF 32/174 (18.4) 18/168 (10.7) 1.72 (1.00

Figure 2. Outcomes according to treatment group and HF status. CI, confid
events; RR, relative risk.
A liberal transfusion strategy was associated with an
increased risk of all-cause death in patients with HF and a
reduced risk in patients without HF at both 30 days and 1
year (Pinteraction ¼ 0.009 and P ¼ 0.049, respectively) (Fig. 2
and Table 3). A sensitivity analysis performed according to
Killip class yielded similar results, although the increase in all-
cause death did not reach statistical significance at 1 year (P ¼
0.06) (Supplemental Fig. S1). Analysis of outcomes adjusted
0.25 10.5 2 3

Favours restrictive
strategy

Favours liberal
strategy

, 1.12)

, 2.28)

, 2.64)

, 2.62)

, 0.84)

, 6.02)

 CI)

, 1.44)

, 1.83)

, 2.66)

, 2.60)

, 1.26)

Pint-value

0.20

0.44

0.009

0.76

0.43

0.049

, 2.94)

ence interval; HF, heart failure; MACE, major adverse cardiovascular



Table 3. Outcomes in patients with and without HF according to a restrictive or liberal transfusion strategy

Outcome

HF population No HF population

PinteractionRestrictive (n ¼ 160) Liberal (n ¼ 151) Restrictive (n ¼ 176) Liberal (n ¼ 171)

At 30 days
Primary outcome: MACE 16 (10.0) (n ¼ 149)

24 (16.1)
(n ¼ 175)
15 (8.6)

(n ¼ 170)
13 (7.6)

0.20

All-cause death 9 (5.6) (n ¼ 149)
21 (14.1)

(n ¼ 175)
11 (6.3)

(n ¼ 170)
5 (2.9)

0.009

Nonfatal recurrent MI 4 (2.5) (n ¼ 149)
4 (2.7)

(n ¼ 175)
3 (1.7)

(n ¼ 170)
6 (3.5)

0.51

Emergency revascularization 4 (2.5) (n ¼ 149)
4 (2.7)

(n ¼ 175)
1 (0.6)

(n ¼ 170)
2 (1.2)

0.65

Nonfatal ischemic stroke 2 (1.3) (n ¼ 149)
0 (0.0)

(n ¼ 175)
0 (0.0)

(n ¼ 170)
2 (1.2)

0.92

Nonfatal new-onset HF 9 (5.6) (n ¼ 149)
8 (5.4)

(n ¼ 175)
2 (1.1)

(n ¼ 170)
4 (2.4)

0.44

Overall new-onset HF 13 (8.1) (n ¼ 148)
18 (12.2)

(n ¼ 174)
2 (1.1)

(n ¼ 170)
4 (2.4)

0.77

At 1 year
Primary outcome: MACE 64 (40.0) (n ¼ 149)

55 (36.9)
(n ¼ 174)
40 (23.0)

(n ¼ 168)
32 (19.0)

0.76

All-cause death 45 (28.1) (n ¼ 149)
47 (31.5)

(n ¼ 174)
32 (18.4)

(n ¼ 168)
18 (10.7)

0.049

Nonfatal recurrent MI 15 (9.4) (n ¼ 149)
8 (5.4)

(n ¼ 174)
8 (4.6)

(n ¼ 168)
12 (7.1)

0.10

Emergency revascularization (n ¼ 159)
13 (8.2)

(n ¼ 149)
6 (4.0)

(n ¼ 174)
4 (2.3)

(n ¼ 168)
7 (4.2)

0.093

Nonfatal ischemic stroke (n ¼ 159)
5 (3.1)

(n ¼ 149)
3 (2.0)

(n ¼ 174)
2 (1.1)

(n ¼ 168)
3 (1.8)

0.44

Nonfatal new-onset HF (n ¼ 159)
9 (5.7)

(n ¼ 149)
8 (5.4)

(n ¼ 174)
2 (1.1)

(n ¼ 168)
4 (2.4)

0.43

Overall new-onset HF (n ¼ 152)
21 (13.8)

(n ¼ 144)
21 (14.6)

(n ¼ 165)
2 (1.2)

(n ¼ 167)
6 (3.6)

0.24

Values are n (%).
HF, heart failure; MACE, major adverse cardiovascular event; MI, myocardial infarction.
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on main covariates associated with both HF status and
assigned treatment strategy also yielded results consistent with
the main analysis (Supplemental Table S4). A per-protocol
analysis was performed (Supplemental Table S5) and
showed a greater all-cause mortality rate in the liberal
transfusion HF group at 30 days.

Causes of death are detailed in Table 4. At 30 days, deaths
were predominantly cardiovascular in the HF group: 7 car-
diovascular deaths (77.8%) in the restrictive group vs 20
(95.2%) in the liberal group, whereas causes of death were
more balanced in patients without HF. In the HF group, the
main numerical difference in cause of death between the
restrictive and liberal strategy groups was for death caused by
new onset of HF (congestive HF or cardiogenic shock): 4 vs
11 events.

Kaplan-Meier curves for MACE and all-cause death
according to HF and assignment group are presented in
Figure 3.
Discussion
In this subgroup analysis from the randomized REALITY

trial, patients with HF represented an important subset of
those with AMI and anemia. Patients with HF had a higher
risk of MACE, nonfatal new-onset HF, and death. Impor-
tantly, in patients with HF, a liberal transfusion strategy was
associated with a higher rate of all-cause death than a
restrictive strategy at both 30 days and 1 year.
We observed no interaction between HF and the effect of
randomized assignment on the primary outcome or nonfatal
new-onset HF. Similarly, in the recently published Myocar-
dial Ischemia and Transfusion (MINT) trial,8 the largest
randomized trial on transfusion strategies in patients with
AMI, there was no interaction among congestive HF, acute
HF, and low left ventricular ejection fraction and the effect of
randomized strategy on a composite outcome of recurrent
myocardial infarction or all-cause death.

The population of patients with anemia and AMI is
heterogeneous, and it is likely that the benefit-to-risk bal-
ance of transfusion strategies varies according to individual
clinical characteristics. If tailoring transfusion strategies
according to each patient’s individual characteristics is not
feasible, the largest subgroups deserve special attention.
Indeed, the subgroup with HF represents nearly one-half of
all patients.

There is a rationale to consider that the subgroup of pa-
tients with HF could have a different benefit-to-risk balance of
transfusion strategies than the remaining population because
the risk of transfusion-associated circulatory overload (TACO)
is a special concern in this population. TACO incidence has
been reported to be > 10%, depending on the population
transfused,9 with a mortality of approximately 5%.10,11 In
2011, a report from the US Food and Drug Administration
indicated that transfusion-associated fluid overload was the
second most commonly reported cause of death associated
with transfusion (15% of transfusion-related deaths) after



Table 4. Causes of death in patients with and without HF according to a restrictive or liberal transfusion strategy

Outcome

HF population No HF population

Pinteraction
Restrictive transfusion
strategy (n ¼ 160)

Liberal transfusion
strategy (n ¼ 151)

Restrictive transfusion
strategy (n ¼ 176)

Liberal transfusion
strategy (n ¼ 171)

At 30 days
All-cause death 9 (5.6) (n ¼ 149)

21 (14.1)
(n ¼ 175)

11 (6.3)
(n ¼ 170)

5 (2.9)
0.009

Cardiovascular 7/9 (77.8) 20/21 (95.2) 7/11 (63.6) 2/5 (40.0)
Noncardiovascular 2/9 (22.2) 0/21 (0.0) 3/11 (27.3) 3/5 (60.0)
Unknown 0/9 (0.0) 1/21 (4.8) 1/11 (9.1) 0/5 (0.0)
If cardiovascular

Acute MI 3/7 (42.9) 4/20 (20.0) 2/7 (28.6) 1/2 (50.0)
Sudden cardiac death 0/7 (0.0) 2/20 (10.0) 4/7 (57.1) 1/2 (50.0)
Congestive HF or cardiogenic shock 4/7 (57.1) 11/20 (55.0) 0/7 (0.0) 0/2 (0.0)
Cardiovascular procedure 0/7 (0.0) 2/20 (10.0) 1/7 (14.3) 0/2 (0.0)
Other cardiovascular cause 0/7 (0.0) 1/20 (5.0) 0/7 (0.0) 0/2 (0.0)

If noncardiovascular primary cause of death
Pulmonary 1/2 (50.0) 0/0 (0.0) 1/3 (33.3) 2/3 (66.7)
Renal 0/2 (0.0) 0/0 (0.0) 1/3 (33.3) 0/3 (0.0)
Neurologic process that is not a stroke or
haemorrhage

0/2 (0.0) 0/0 (0.0) 1/3 (33.3) 0/3 (0.0)

Other noncardiovascular 1/2 (50.0) 0/0 (0.0) 0/3 (0.0) 1/3 (33.3)
At 1 year
All-cause death 45 (28.1) (n ¼ 149)

47 (31.5)
(n ¼ 174)

32 (18.4)
(n ¼ 168)

18 (10.7)
0.049

Cardiovascular 22/45 (48.9) 28/47 (59.6) 10/32 (31.3) 5/18 (27.8)
Noncardiovascular 16/45 (35.6) 14/47 (29.8) 13/32 (40.6) 12/18 (66.7)
Unknown 7/45 (15.6) 5/47 (10.6) 9/32 (28.1) 1/18 (5.6)
If cardiovascular

Acute MI 3/22 (13.6) 4/28 (14.3) 3/10 (30.0) 1/5 (20.0)
Sudden cardiac death 6/22 (27.3) 3/28 (10.7) 6/10 (60.0) 1/5 (20.0)
Congestive HF or cardiogenic shock 12/22 (54.5) 15/28 (53.6) 0/10 (0.0) 3/5 (60.0)
Stroke (ischemic) 1/22 (4.5) 0/28 (0.0) 0/10 (0.0) 0/5 (0.0)
Stroke (type undetermined) 0/22 (0.0) 1/28 (3.6) 0/10 (0.0) 0/5 (0.0)
Cardiovascular procedure 0/22 (0.0) 4/28 (14.3) 1/10 (10.0) 0/5 (0.0)
Other cardiovascular cause 0/22 (0.0) 1/28 (3.6) 0/10 (0.0) 0/5 (0.0)

If noncardiovascular primary cause of death
Pulmonary 2/16 (12.5) 4/14 (28.6) 3/13 (23.1) 6/12 (50.0)
Renal 0/16 (0.0) 2/14 (14.3) 2/13 (15.4) 2/12 (16.7)
Gastrointestinal 2/16 (12.5) 1/14 (7.1) 3/13 (23.1) 0/12 (0.0)
Hemorrhage (excluding hemorrhagic stroke
and cardiovascular hemorrhage)

2/16 (12.5) 2/14 (14.3) 0/13 (0.0) 1/12 (8.3)

Noncardiovascular procedure or surgery 0/16 (0.0) 0/14 (0.0) 1/13 (7.7) 0/12 (0.0)
Neurologic process that is not a stroke or
hemorrhage

0/16 (0.0) 0/14 (0.0) 3/13 (23.1) 0/12 (0.0)

Accidental (physical accident or drug
overdose) or trauma

1/16 (6.3) 0/14 (0.0) 0/13 (0.0) 0/12 (0.0)

Other noncardiovascular 9/16 (56.3) 5/14 (35.7) 1/13 (7.7) 3/12 (25.0)

Values are n (%) or n/n (%). Percentages may not add to 100 because of rounding.
HF, heart failure; MI, myocardial infarction.
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acute lung injury.6 The pathophysiology explaining the
occurrence of TACO and its severity remains incompletely
understood.12 However, HF is consistently reported as being a
risk factor for TACO.13

An observational study conducted in intensive care units
found that the subgroup of patients with left ventricular
dysfunction was at 8-fold higher risk of developing TACO.14

The Conservative vs Liberal Red Cell Transfusion in
Myocardial Infarction Trial (CRIT) trial,15 published in
2011, was a pilot randomized trial of 45 patients comparing a
liberal vs a conservative transfusion strategy in patients with
anemia and myocardial infarction. The study showed an
important increase in in-hospital new or worsening HF in
patients assigned to the liberal strategy (38% vs 8%; P ¼
0.03), with no excess of mortality in the liberal transfusion
group.
Surprisingly, in the current analysis, we found no inter-
action between HF and transfusion strategy in the risk of new-
onset HF. It is likely that physicians now have greater
expertise in preventing fluid overload in high-risk patients
with use of diuretic therapy6 and slow rates of transfusion.
Those aspects were left to investigator discretion in the RE-
ALITY trial.

Compared with the restrictive strategy, the liberal trans-
fusion strategy was, however, associated with higher all-cause
death, at both 30 days and 1 year. This finding was consistent
regardless of how HF was defined. Of note, this increase
appeared to be driven by cardiovascular death and, in
particular, death caused by HF or cardiogenic shock in the
first 30 days. These findings suggest that a liberal transfusion
strategy in patients with HF is associated with a higher risk of
HF, leading to death. This could be perceived as
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Figure 3. (A) Rates of MACE at 1 year for restrictive and liberal transfusion strategies in patients with and without HF. (B) Kaplan-Meier curves for
deaths at 1 year in patients with and without HF at baseline for a liberal vs a restrictive transfusion strategy. CI, confidence interval; HF, heart failure;
HR, hazard ratio; MACE, major adverse cardiovascular events.
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contradictory, with the lack of increase in nonfatal HF.
However, it is possible that the most severely ill patients have
refractory HF associated with fluid overload.

TACO was not specifically captured in REALITY, but in
MINT,8 despite a similar risk of heart failure at 30 days, more
TACO occurred in the liberal arm. Another hypothesis is
therefore that some patients develop hydrostatic pulmonary
edema triggered by fluid overload that can be easily managed,
whereas others have more complex mechanisms with cytokine
involvement, such as described in TACO, which can be more
difficult to treat.12

Our observation has potential clinical implications. If
confirmed, clinicians should avoid performing transfusions in
patients with HF and myocardial infarction, anddif abso-
lutely necessarydshould pay attention to prevent TACO.6

Limitations

The current analysis has several limitations. First, we
considered HF as a whole entity regardless of phenotype.16 As
such, ejection fraction was not captured in the REALITY trial,
precluding analysis of outcomes according to reduced vs
preserved ejection fraction. Second, we did not formally test
the difference in causes of death because of the risk of mul-
tiplicity in this relatively small trial. Third, comprehensive
data on medication use were not captured, and diuretics may
have mitigated the effect of volume overload among those
with heart failure. Fourth, the current analysis is from a
subgroup of a randomized trial that was not powered for
subgroup analyses. The ongoing MINT trial
(NCT02981407) is evaluating transfusion strategies in a
similar but substantially larger population and thus will pro-
vide important information on the optimal transfusion strat-
egy in the context of AMI and anemia in general but also in
common subgroups such as HF.
Conclusions
HF is frequent in patients with AMI and anemia (nearly

one-half of the population) and is associated with higher risks
of MACE and nonfatal new-onset HF. Although there was no
interaction of HF with the effect of transfusion strategy on the
primary outcome of MACE, a liberal transfusion strategy was
associated with higher risk of all-cause death at both 30 days
and 1 year. This higher rate of death appears to be driven
primarily by a higher risk of early death caused by HF.
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