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Abstract
Background

Anemia is frequent in patients with acute myocardial infarction(AMI), and the optimal red blood cell transfusion strategy for patients with AMI and anemia is
still controversial. We aimed to compare the e�cacy of restrictive and liberal red cell transfusion strategies in patients with AMI and anemia.

Methods

We systematically searched PubMed, EMBASE, Web of Science, Cochrane Library, and Clinicaltrials.gov, from their inception until March 2021. Inclusion
criteria were clinical trials that compared the e�cacy of restrictive and liberal transfusion strategies in patients with AMI and anemia on all-cause mortality
and major adverse cardiovascular events. The primary outcome was all-cause mortality, including overall mortality, in-hospital, or follow-up mortality. Risk
ratios (RR) with 95% con�dence intervals (CI) were presented and pooled by random-effects models.

Results

The search yielded a total of 6630 participants in six studies. Among the included patients, the average age ranged from 69.0 to 79.5 years and 2950 (44.5%)
were men. A total of 2008 patients received restrictive red blood transfusion while 4622 patients were given liberal red blood transfusion. No difference was
found in overall mortality and follow-up mortality between restrictive and liberal blood transfusion groups (RR=1.07, 95% CI=0.82–1.40, P=0.62; RR=0.89, 95%
CI=0.56–1.42, P=0.62). However, restrictive transfusion was associated with a higher risk of in-hospital mortality compared with liberal transfusion (RR=1.22,
95% CI=1.00–1.50, P=0.05). No secondary outcomes, including follow-up reinfarction, stroke, and acute heart failure, differed signi�cantly between the two
groups. In addition, subgroup analysis showed no differences in overall mortality between the two groups based on sample size and design.

Conclusion

Restrictive and liberal red blood transfusion have a similar effect on overall mortality and follow-up mortality in patients with AMI and anemia. However,
restrictive transfusion was associated with a higher risk of in-hospital mortality compared with liberal transfusion. The �ndings suggest that transfusion
strategy should be evaluated in the more future researches.

Key Messages
Restrictive and liberal red blood transfusion have a similar effect on overall mortality and follow-up mortality in patients with acute myocardial infarction
and anemia.

Restrictive transfusion was associated with a higher risk of in-hospital mortality compared with liberal transfusion. The �ndings suggest that transfusion
strategy should be evaluated in the more future researches.

Introduction
Anemia is frequent in patients with acute myocardial infarction (AMI), with the reported rates of 15–43%[1], because of invasive procedures and
antithrombotic therapy[2]. Anemia increases the incidence of adverse cardiovascular events, including short- and long-term mortality among patients with
AMI[1, 3]. Red blood cell (RBC) transfusion increases oxygen delivery, rapidly improves symptoms in patients with acute myocardial ischemia, and is
commonly used in clinical practice[4]. However, inappropriate blood transfusion may lead to circulatory overload and increased thrombogenicity, which can
worsen the clinical outcomes[5–7]. Therefore, it is essential to select the optimal transfusion strategy in patients with AMI and anemia.

To date, the risks and bene�ts of optimal transfusion strategy, liberal or restricted transfusion, remain unclear in such patients. Although several well
conducted meta-analyses about the transfusion strategies have been published, they did not examine the subgroup of patients with AMI and anemia[8–10].
Observational studies have yielded con�icting results[11–13] and only two previous small randomized clinical trials (RCTs) (including 45 and 110 patients)
have compared transfusion strategies in patients with AMI[14–15]. Recently, the �rst multicenter RCT with a relatively large sample size has compared liberal
and restrictive RBC transfusion strategies in such settings[16], and the results showed that the restrictive transfusion resulted in a noninferior rate of adverse
outcomes after 30 days.

However, no meta-analysis has speci�cally compared the outcomes of different transfusion strategies in patients with AMI and anemia. Therefore, we
performed the present meta-analysis to assess the e�cacy of restrictive transfusion versus liberal transfusion in such patients.

Methods
This meta-analysis was performed in accordance with the PRISMA guidelines[17]. The protocol was registered with PROSPERO in September 2020, number
CRD420202 04670. Ethical approval and patient consent were not required because this study was based on previous studies.

2.1. Literature search strategy

We systematically searched �ve electronic databases, including PubMed, EMBASE, Web of Science, Cochrane Library, and Clinicaltrials.gov, from their
inception until March 2021 for the comparative studies of restrictive transfusion and liberal transfusion in patients with AMI and anemia. Restrictive
transfusion was de�ned as hemoglobin threshold ≤ 8 g/dL or hematocrit ≤ 24%, while liberal transfusion was de�ned as hemoglobin threshold ≤ 10 g/dL or
hematocrit ≤ 30%[18]. In order to systematically search these electronic databases, search terms were constructed as follows: (Transfusion OR Blood
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transfusion OR Red blood cell transfusion) AND (Myocardial infarction OR Acute myocardial infarction OR ST-segment evaluated myocardial infarction OR
Non-ST-segment evaluated myocardial infarction OR Acute coronary syndrome OR Percutaneous coronary intervention). The search was not restricted for
trials by type, language, or publication status. To screen for additional studies, the reference lists of the included articles and previous relevant meta-analyses
were also carefully scanned. Additionally, the major international cardiology meetings (the European Society of Cardiology, the American Heart Association,
and the American College of Cardiology) were also searched for relevant conference abstracts with complete results.

2.2. Study selection

The studies had to satisfy the following criteria to be included: (1) patients suffered from AMI and anemia; (2) one group received the liberal and the other
group received the restrictive red blood cell transfusion strategy; and (3) data regarding the risk of in-hospital or follow-up mortality and in-hospital or follow-
up major adverse cardiovascular events (MACEs) were available. MACEs were de�ned as reinfarction, stroke, or acute heart failure.

Studies designed to compare the e�cacy between blood transfusion and non-transfusion patients with AMI but without separate data on different transfusion
strategies were excluded. In addition, other exclusion criteria were as follows: (1) reviews, meta-analyses, letters, and conferences; (2) in vitro or preclinical
animal studies; (3) enrolled pediatric patients; and (4) duplicate data. Two authors (YHL and YSZ) independently screened the articles based on titles and
abstracts. We solved the disagreements and reached a consensus through discussion or arbitration by the third reviewer (YMH).

2.3. Outcomes

The primary end point was all-cause mortality, including overall mortality, in-hospital mortality, or follow-up mortality (up to 6 months). The secondary
outcomes were follow-up MACEs, including reinfarction, stroke, and acute heart failure.

2.4. Data extraction and quality assessment

Data extraction was independently carried out by two reviewers (YHL and YSZ) on the basis of prespeci�ed extraction criteria. The following information was
extracted from each included study: author, publication date, country, study design, sample size, patients’ characteristics, transfusion strategy, and outcomes.
The third reviewer (YMH) checked for discrepancies and helped to settle the disagreements.

The quality of included studies was also independently evaluated by two reviewers (YHL and YSZ). The Cochrane Collaboration’s risk of bias tool was used to
assess the quality of RCTs[19], which comprised assessment of selection bias and other bias. To evaluate the quality of cohort studies, we used the
Newcastle-Ottawa Scale[20], which consists of eight items about sampling methods, comparability, and accuracy of results. The disagreements were resolved
through discussion among the reviewers and judged by the third reviewer (YMH).

2.5. Statistical analysis

The statistical analyses were carried out using Review Manager (version 5.3) and R software (version 4.0.2). Heterogeneity of studies was assessed using Q
statistics and I2. I2 value < 25% indicated low heterogeneity, 25%–50% denoted moderate heterogeneity, while the values over 50% de�ned severe
heterogeneity. In order to minimize bias due to methodological differences between the studies, random-effects models were selected. Differences in results of
all of the included studies were represented in the form of forest plots. Overall mortality was analyzed by subgroup analysis based on the study design and
the number of cases. The sensitivity analysis of omission was carried out to evaluate the robustness of the results. Additionally, the funnel plot analysis and
Egger’s test were used to evaluate the publication bias. Risk ratios (RR) with 95% con�dence intervals (CI) were presented and pooled by random-effects
models. All the differences in the two-tailed test with P value less than 0.05 were considered to be statistically signi�cant.

Results
3.1. Search results

Initially, 9108 articles were found through systematic search. After removing duplicates, 4977 articles were excluded based on title and abstract screening.
Then, the full texts of 99 studies were reviewed to evaluate whether they met the inclusion criteria. Consequently, six studies meeting all of the criteria were
�nally included. The �ow chart of the research selection process is shown in Figure 1.

3.2. Study characteristics and quality assessment

A total of six articles (6630 patients in total), published from 2001 to 2021, were included[4,13,14,15,16,21]. Three of the included studies were RCTs and three
were cohort studies (one prospective study, two retrospective studies). Five articles included patients who received blood transfusions in the AMI setting, and
only one article included patients with blood transfusions in the setting of acute coronary syndrome or stable angina (but data about AMI could be extracted).
Among the included patients, the average age ranged from 69.0 to 79.5 years, and 2950 (44.5%) were men (Table 1). In addition, 2008 patients with AMI and
anemia received restrictive red blood transfusion, while 4622 patients were given liberal red blood transfusion.

All of the included studies were of high quality, as con�rmed by the Newcastle-Ottawa Scale and the Cochrane Collaboration’s risk of bias tool. The quality
assessment of the eligible studies is shown in Table 2 and Figure S1.

3.3. Association of the transfusion strategy and outcome

There was no statistically signi�cant difference in overall mortality between the restrictive transfusion group and the liberal transfusion group (RR, 1.07 [95%
CI=0.82–1.40]; P=0.62; I2=66%), with the severe heterogeneity observed (Figure 2). Three studies and four studies evaluated the relationship between blood
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transfusion strategies and in-hospital mortality or follow-up mortality, respectively. There was also no signi�cant difference in follow-up mortality between the
two groups (RR, 0.89 [95% CI=0.56–1.42]; P=0.62; I2=50%), while restrictive transfusion was associated with a relatively higher risk of in-hospital mortality
compared with liberal transfusion (RR, 1.22 [95% CI=1.00–1.50]; P=0.05; I2=41%) (Figure S2).

In addition, no obvious difference was found in the secondary outcomes of reinfarction (RR, 0.82 [95% CI=0.38–1.74]; P=0.60; I2=0%), stroke (RR, 0.69 [95%
CI=0.13–3.65]; P=0.66; I2=0%), and acute heart failure (RR, 0.74 [95% CI=0.16–3.46]; P=0.70; I2=74%) between the restrictive transfusion group and the liberal
transfusion group (Figure 3).

3.4. Subgroup analysis

A prede�ned subgroup analysis of overall mortality according to study design and sample size was performed. The results remained similar to the primary
analysis (Figure 4A and 4B).

3.5. Publication bias and sensitivity analysis

The asymmetric distribution of funnel plot suggested that there could be publication bias among the included studies (Figure S3). However, no publication
bias was detected through Egger's test, with P value being 0.7829 for overall mortality. The sensitivity analysis of omission showed that removing a single
study each time had no signi�cant effect on the results (Figure S4).

Discussion
The present study showed no differences in overall mortality and follow-up mortality between the restrictive and liberal transfusion in patients with AMI and
anemia. Moreover, no secondary outcomes differed signi�cantly between the two groups. However, restrictive transfusion was associated with a higher risk of
in-hospital mortality compared with liberal transfusion.

In patients with AMI, several studies have shown that blood transfusion was related to the increased risk of repeated myocardial infarction and short- and
long-term mortality, especially for patients suffering from acute myocardial infarction[22–24]. A meta-analysis including 10 studies concluded that blood
transfusion increased incidence of all-cause death in patients suffering from MI compared with the absence of blood transfusion[12]. Conversely, the �ndings
of a multicenter study have shown that blood transfusion was associated with lower risk of in-hospital mortality in propensity-matched patients with AMI and
indicated that previous observational reports of increased mortality with transfusion may have been in�uenced by selection bias[25]. The 2020 ESC Guideline
for the management of patients with Non-ST-Elevation acute coronary syndromes recommended that these patients with anemia should not routinely receive
RBC transfusion when hematocrit is above 25% or hemoglobin levels above 8 g/dL (class IIb, level of evidence C)[26]. Given the results above, we should be
cautious about the blood transfusion in patients with AMI and anemia in clinical practice.

RBC transfusion can rapidly increase oxygen delivery and improve some symptoms of the patients with AMI and anemia[4]. However, the threshold for blood
transfusion is still controversial in this population. Previous meta-analysis which only included few patients with AMI (n = 154) found that there were no
differences in mortality between restrictive and liberal transfusion strategies in subgroup of patients with AMI, but restrictive transfusion strategy was not
recommended because of insu�cient evidence[9]. Another meta-analysis of 11 RCTs also showed that it may not be safe to use a restrictive transfusion
threshold of less than 80 g/L in patients with ongoing acute coronary syndrome or chronic cardiovascular disease because restrictive blood transfusion can
increase the risk of acute coronary syndrome; however, there was no difference in 30-day mortality between the two transfusion strategies[8].

There had some de�ciencies for previous meta-analysis and researches. Firstly, a limited number of studies with small sample sizes, comparing restrictive
transfusion with liberal transfusion in patients with AMI were included, which tended to overestimate intervention effect estimates and could not make any
relevant conclusions regarding intervention effects. Secondly, some of the abovementioned studies were not focus on the patients with AMI, which were
different from other patient populations because of acute myocardial ischemia. These analyses included not only patients with myocardial infarction but also
patients with other types of coronary artery disease. Until now, there has been insu�cient evidence to prove which transfusion strategy is the optimal in
patients with AMI. Therefore, we conducted a meta-analysis based on the new researches focus on the patients with AMI to compare the e�cacy of restrictive
and liberal transfusion strategies.

To date, three RCTs have evaluated the restrictive and liberal transfusion strategies in patients with AMI and anemia. Of those, two randomized pilot trials were
performed to compare the e�cacy between restrictive and liberal transfusion, but their �ndings were inconsistent. In one pilot trial, the results showed that the
liberal transfusion strategy may be associated with worse clinical outcomes[15]. In contrast, another pilot trial demonstrated that the liberal transfusion
strategy, compared with a more restrictive strategy, was able to reduce the incidence of major cardiac events and deaths among anemic patients with acute
coronary syndrome or stable angina[14]. Recently, the �rst multicenter RCT compared liberal versus restrictive RBC transfusion strategies in patients with AMI
and anemia[16], showing that the restrictive transfusion strategy not only was no less clinically effective than the liberal transfusion strategy, but it also saved
blood. This RCT provided a more su�cient basis for clinical practice.

Based on the new researches in our meta-analysis, a half of the included studies were RCTs, which reduced the impact from confounding and other inherent
bias that could affect the outcomes. Moreover, we only included studies with AMI patients, which led to robust pooled results to estimate the bene�t of
restrictive or liberal RBC transfusion in AMI patients. Our meta-analysis found that restrictive RBC transfusion for AMI patients did not affect overall mortality
and the incidence of MACEs, compared with liberal RBC transfusion, although liberal RBC transfusion slightly reduced in-hospital mortality. The possible
reason for this observation is that cardiac ischemia can occur at higher hemoglobin levels in patients with coronary heart disease[27], and liberal blood
transfusion can alleviate myocardial ischemia, thereby reducing the risk of death. In addition, most of the patients included in present meta-analysis were
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elderly patients with limited compensatory capacity of the heart and lungs when they suffered from myocardial infarction, so restrictive blood transfusion may
increase in-hospital mortality.

Although liberal RBC transfusion may slightly reduce in-hospital mortality, there are many potential risks associated with more liberal transfusion strategy.
First, liberal transfusion may increase the risk of hospital-acquired infections, compared with restrictive transfusion[28]. Second, liberal transfusion is
associated with circulatory overload, which could increase the burden on the heart and energy expenditure. Third, the increase of RBC transfusion leads to an
increase in platelet reactivity, which may be related to increased incidence of myocardial reinfarction and other advert myocardial events[25, 29]. Therefore,
transfusion strategy for AMI and anemic patients should be evaluated in the more future researches.

Limitations
The present meta-analysis still has several limitations. Firstly, although a half of the included studies were RCTs, we also included three observational studies.
The inherent bias of those studies could have affected the pooled outcomes. Secondly, some data about the outcomes (such as MACEs) were not completely
available. So future studies should focus more on the comparison of follow-up MACEs between restrictive and liberal transfusion in patients with AMI and
anemia. Thirdly, due to the lack of data on transfusion adverse reactions in the included studies, we were unable to evaluate the effects of different
transfusion strategies on transfusion adverse reactions in patients with AMI and anemia. Fourthly, statistical heterogeneity was detected. Sample size,
baseline characteristics of patients, study design and other reasons may have caused the heterogeneity. Finally, most of the patients included were American
and older. Therefore, caution should be exercised when extending the conclusion of this study to a wider population. Although there were some limitations in
this meta-analysis, the �ndings of this study could help to better understand the effects of different RBC transfusion strategies on patients suffering from AMI
and anemia. More RCTs should be conducted in the future to verify the results of this meta-analysis.

Conclusion
Restrictive and liberal red blood transfusion have a similar effect on overall mortality and follow-up mortality in patients with AMI and anemia. However,
restrictive transfusion was associated with a higher risk of in-hospital mortality compared with liberal transfusion. The �ndings suggest that transfusion
strategy should be evaluated in the more future researches.

Abbreviations
AMI: Acute myocardial infarction; RBC: Red blood cell; RCTs: Randomized clinical trials; MACEs: Major adverse cardiovascular events; RR: Risk ratios; CI:
Con�dence intervals
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Tables
Table 1. Characteristics of included studies in this meta-analysis.

 
Study

 
Region

 
Study
design

 
Transfused

patients

 
Types
of MI

 
Restrictive
strategy

(Transfusion
threshold)

 
Liberal
strategy

(Transfusion
threshold)

 
 Average

 age
(years)

 
 

Male
No. (%)

   
Baseline

Hb(g/dl)/Hct(%)
F

(m

              RT LT   RT LT   RT LT

Wu, 2001 USA Cohort 1356 STEMI
Non-

STEMI

Hct ≤ 24% Hct ≤ 30% 79.5 79.4   112
(41)

398
(37)

  - -

Alexander,
2008

USA Cohort 4291 Non-
STEMI

Hct ≤ 24% Hct ≤ 30% 76.0 76.6   578
(45)

1303
(44)

  -/29.0 -/33.8
h

Aronson,
2008

USA Cohort 192 STEMI
Non-

STEMI

Hb ≤ 8 g/dl Hb > 8 g/dl 69.0 69.0   21
(58)

89
(57)

  11.8/- 11.8/-

Cooper,
2011

USA RCT 45 STEMI
Non-

STEMI

Hct < 24% Hct < 30% 70.3 76.4   13
(54)

10
(48)

  -/27.5 -/26.9

Carson,
2013

USA RCT 80 STEMI
Non-

STEMI

Hb < 8 g/dl  Hb < 10
g/dl

74.3 67.3   19
(49)

21
(51)

  8.97/- 9.18/-

Ducrocq 
2021

FranceSpain RCT 666 STEMI
Non-

STEMI

Hb ≤ 8 g/dl  Hb ≤ 10
g/dl

78.0 76.0   201
(59)

184
(57)

  9.0/- 9.1/-

MI=Myocardial infarction; STEMI=ST-segment elevation myocardial infarction; Non-STEMI=Non-ST-segment elevation myocardial
infarction; Hct=Hematocrit; Hb=Hemoglobin; RT=Restrictive transfusion; LT=Liberal transfusion; HF=Heart failure.

 

Table 2 Results of quality assessment using the Newcastle-Ottawa Scale for included studies (Cohort Studies)
Study Selection  Comparability  Exposure Scores

 

Adequate
definition
of cases

Representativeness
of the cases

Selection
of
controls

Definition
of
controls

Control for
important
factora 

Ascertainment
of exposure

Same method of
ascertainment
for cases and
controls

Non-
response
rate

 

Wu
(2001)

    9

Alexander
(2008)

    9

Aronson
(2008)

    9

a, a maximum of 2 stars can be allotted in this category, one for age, the other for other controlled factors. 
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Figure 1

The �ow diagram indicated the process of study selection

Figure 2

Forest plot for the association between blood transfusion strategies with overall mortality



Page 9/10

Figure 3

Forest plot for the association between blood transfusion strategies with secondary outcomes
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Figure 4

Subgroup analysis of overall mortality for blood transfusion strategies according to study design and sample size A: Study design; B: study sample size
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