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Abstract

Background—Aitrial fibrillation (AF) is a common finding in patients with myocardial
infarction (MI). AF is not generally perceived by clinicians as a critical event during the acute
phase of MI; however, its prognostic influence in MI remains controversial. Furthermore,
contradictory data exist concerning death risk according to AF timing. This systematic review and
first meta-analysis aim to quantify the mortality risk associated with AF in Ml patients and its
timing.

Methods and Results—A comprehensive search of several electronic databases (1970-2010,
adults, any language) identified M1 studies that evaluated mortality related to AF. Evidence was
reviewed by 2 blinded reviewers with a formal assessment of the methodological quality of the
studies. Adjusted odds ratios (OR's) were pooled across studies using the random-effects model.
The 12 statistic was used to assess heterogeneity. In the 43 included studies (278,854 subjects), the
mortality OR's and 95% Cl associated with AF was: 1.46 (1.35-1.58), 12=76%, 23 studies. This
worse prognosis persisted regardless of the timing of AF; OR (95% Cl, 12, n studies) of mortality
for new AF with no prior history of AF was 1.37 (1.26-1.49), 12=28%, n=9; and for prior AF was
1.28 (1.16-1.40), 12=24%, n=4. The sensitivity analysis of new AF studies adjusting for
confounding factors did not show a decrease in death risk.

Conclusions—AF is associated with increased risk of mortality in MI patients. New AF with no
history of AF prior to MI remained associated with an increased risk of mortality even after
adjusting for several important AF risk factors. These subsequent increases in mortality suggest
that AF can no longer be considered as a non severe event during M.
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Introduction

Methods

Atrial fibrillation (AF) is a common finding in patients who have myocardial infarction
(M1). Both conditions have increased frequency with advancing age, and acute Ml is
associated with a sharp increase in the occurrence of AF. The incidence of AF among Ml
patients varies between 2% and 22%.1~7 Compared to severe complications such as
ventricular tachycardia or cardiac failure, AF is not generally perceived by clinicians as a
critical event during the acute phase of MI; however, in the literature, the prognostic
influence of the presence of AF in MI remains controversial. Some studies illustrated an
independent adverse effect on mortality,2 > 6 8-12 \yhereas other studies showed no
significant effects.l: 3 4 13-15 |5 2009, a review of AF in acute MI suggested that AF in
patients hospitalized for MI seems to carry adverse prognostic implications for in-hospital
and long-term mortality.1® However, no meta-analysis has been published addressing this
question.

Furthermore, AF may occur as a complication of the Ml or be present (diagnosed or not) at
the time of the MI. Some studies demonstrated that new AF at the time of Ml is associated
with an increased risk of mortality, contrasting with a lack of risk with pre-existing AF10
whereas other studies did not show a different risk of death according to AF timing.% 17

To address these controversies, we performed a systematic review and a meta-analysis of the
data available to date aiming to quantify the mortality risk associated with the presence of
AF in Ml patients and its timing.

This meta-analysis is in adherence with the preferred reporting items for systematic reviews
and meta-analyses (PRISMA) and the reporting Meta-analyses of Observational Studies in
Epidemiology (MOOSE).18. 19

Eligibility Criteria

Eligible studies were randomized controlled clinical trials and observational studies that
enrolled patients with acute MI and AF, and evaluated the outcome of mortality.

To be considered for inclusion, studies were also required to (i) perform comparisons with a
control group of patients without AF; and (ii) provide sufficient quantitative data on all-
cause mortality or cardiovascular death. We excluded studies that evaluated AF after the
first week of MI diagnosis and those reporting exclusively AF in the context of surgery or
catheter ablation. We also excluded abstracts, editorials, reviews, case reports, and case
series.

We classified AF in each study as "New AF', “Prior AF' or "Any AF' according to the
authors' classification. New AF was defined by most studies as AF occurring for the first
time after the MI with no history of AF prior to MI. Few studies did not report if patients
had atrial fibrillation preceding their M1 and new AF was defined in these studies as the first
occurrence of AF during the infarction period, in the absence of AF on admission ECG
records. Prior AF was defined as pre-existing AF to the M1 admission. If no distinction
about the first occurrence timing of AF was made, AF was classified as Any AF.

We classified mortality to be all-cause or cardiovascular death, if all-cause death was not
available.
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Data Sources and Search Strategies

A comprehensive search of several electronic databases (from 1970 to February 2010,
adults, any language, any population) was conducted. The databases included Ovid Medline
In-Process & Other Non-Indexed Citations, Ovid MEDLINE, Ovid EMBASE, Ovid
Cochrane Database of Systematic Reviews, Ovid Health Technology Assessment, and
Scopus to identify studies that evaluated mortality related to AF in MI patients. The search
strategy was designed and conducted by an experienced librarian with input from the study's
principal investigator. Controlled vocabulary supplemented with keywords was used to
define the concept areas: myocardial infarction, atrial fibrillation/flutter, mortality, as well as
to limit to randomized controlled and observational studies. The detailed search strategy is
available from the reprint author. In addition, we reviewed the reference sections of eligible
studies and available reviews. We also requested potentially eligible studies from content
experts.

Two reviewers (P.J., A.M.C.) working independently, considered the potential eligibility of
each of the abstracts and titles that resulted from executing the search strategy, then
reviewed the full text of all potentially eligible studies. The chance adjusted inter-reviewer
agreement (kappa statistic) for study eligibility was 0.82 (95% Cl, 0.72-0.92). The study
selection process is outlined in Figure 1. Disagreements have been harmonized by
consensus.

Data Collection

Data extraction included full description of participants enrolled, AF timing and evaluation
duration, the confounding factors adjusted for and the outcome measure. Authors were
contacted in case of uncertainty about the data. Two reviewers working independently and
using a standardized form extracted data from all eligible studies. Data collected included:
study characteristics, such as author name, year of publication, study size, patient age, AF
description, unadjusted and adjusted estimated risk of mortality and adjustment variables
(Appendix 1 and 2 and Table 1). The Newcastle-Ottawa Scale was used to assess the quality
of studies.20 A quality score was calculated on the basis of three major components:
selection of the study groups (0 to 4 points), quality of the adjustment for confounding (0 to
2 points) and ascertainment of the exposure and outcome (0 to 3 points). A higher score
represents better methodological quality.

Statistical Analysis

We chose to use odds ratio (OR) as a measure of effect size because it was one of the most
commonly used effect measures in our studies. To avoid unnecessary heterogeneity, we
formed homogeneous groups of studies according to the adjustment status of the estimated
risk. If several estimates were reported in the same article, we chose the most fully adjusted
estimate (ie, multivariate regression was selected over univariate regression) corresponding
to the longer follow-up. Unadjusted and adjusted odds ratios (ORs) with 95% confidence
interval (Cl) of AF impact on mortality were pooled separately across studies using the
random-effects model. Statistical heterogeneity across the studies was tested using the Q
statistic, and 12 statistic was calculated to quantify inconsistency among studies.?! 12 values
of < 25%, 50%, and > 75% represent low, moderate, and high inconsistency, respectively.
Because therapies for myocardial infarction have evolved considerably over the time frame
of the studies analyzed, we conducted meta-regressions using the effect size as the
dependent outcome variable and the year of inclusion in the study as the independent
variable. To assess the potential for publication bias, we performed the Begg and Mazumdar
rank correlation test.22 A value of p <0.05 (2-sided) was considered statistically significant.
Analysis was conducted using Comprehensive Meta-Analysis(®) software (Biostat,
Englewood, NJ)
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Subgroup and Sensitivity Analyses

Subgroup analyses were conducted by pooling time-specific AF estimates (New AF with no
prior history of AF - Prior AF) to evaluate the mortality risk of AF according to its
development timing to MI. Then, a sensitivity analysis was conducted by excluding new AF
studies that did not adjust for age, diabetes, heart failure and coronary revascularization.
Finally, we conducted a sensitivity analysis on new AF studies that adjusted on age,
diabetes, hypertension, prior MI, heart failure and coronary revascularization due to the
substantial importance of these confounders.

Role of the funding source

The study sponsor had no role in study design, data collection, analysis, or interpretation of
data. The sponsor did not participate in the writing of the report or in the decision to submit
the paper for publication. All authors had full access to all the data in the study, and all
agreed to submit for publication

Results

Study Identification

Nine hundred and thirty-eight potentially relevant studies were identified. After title and
abstract screening, 816 studies were excluded and the remaining 122 studies were retrieved
for a more detailed evaluation (Figure 1). Nine additional studies were identified through
manual review of references. Out of these 131 clinical studies, 88 were excluded as they did
not meet eligibility. Finally, 43 studies were included in our review with 8

studies?: > 7. 9. 11,17, 23, 24 gerived from randomized trials, 31 cohort

studies? 3 4 6.8, 10,12, 14, 15, 25-46 3 4 case-control studies.13 4749 For the purpose of this
study, we dealt with the 8 studies derived from randomized trials as observational studies,
the population being analyzed as a whole without taking into account the randomization
process.

Appendix 1 summarizes the characteristics of the 43 eligible studies. Sample size ranged
from 100 to 106,780 with a median of 967 patients and a mean age, of 65 years. Across the
40 studies that reported participant sex, there were 30% women. The years of Ml diagnosis
ranged from 1972 to 2007. Exposure was poorly described in the included studies and
therefore, it was not always clear whether patients with prior AF were included. In these
cases, AF was classified as Any AF. Additionally, new AF included AF on admission
electrocardiography in some studies!”: 30 while several studies excluded it.4-6: 2339 Across
the 22 studies that reported the number of participants with any AF, the incidence of AF was
13% (range, 4%—25%). Across the 30 studies that reported the number of participants with
new AF, the incidence of AF was 10% (range, 4%-19%). Across the 11 studies that reported
the number of participants with prior AF, the incidence of AF was 7% (range, 1%-13%).
Evaluation of AF was mostly during the hospital stay or less with only one study? that
evaluated AF during a median of 3 years after the qualifying MI. Follow-up time varied
widely across studies. In this meta-analysis, the pooled mortality analysis referred to all-
cause mortality except for 1 study38 that reported only cardiovascular mortality. Loss to
follow-up was generally low (<5%). Quality score as evaluated by the Newcastle-Ottawa
Scale revealed a median score of 7, range (4-8) (Appendix 1). The 20 studies that reported
only unadjusted OR's had a median score of 5.

Meta-Analysis

After pooling the 43 eligible studies, there was a significant association between AF and
mortality (for both available unadjusted and adjusted OR's. However, the mortality risk
estimate was significantly higher for the unadjusted OR's. For this reason, we decided to
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report only mortality estimates after accounting for the confounding factors. A total of 23 of
the 43 studies presented ORs and 95% Cls for mortality following multivariate analysis
(Appendix 2). The mortality OR and 95% CI associated with AF was: 1.46 (1.35-1.58),
12=76%) (Figure 2). Although the heterogeneity between the analyzed studies was high,
amost all of the studies pointed to a positive association. The meta-regression analysis
showed no association between the effect size and the year of inclusion in the studies (p =
0.38) confirming that our findings were consistent over time. There was no statistical
evidence of publication bias among the included studies by using Begg's test (P=0.06).

Subgroups and Sensitivity Analyses

Table 1 summarizes the characteristics of the 17 studies evaluating new AF with no history
of AF prior to MI. The significant association between AF and mortality was similar when
analysis was performed for new AF and prior AF subgroups; OR (95% ClI, 12, n studies) of
mortality for new AF with no prior history of AF was 1.37 (1.26-1.49), 12=28%, n=9; and
for prior AF was 1.28 (1.16-1.40), 12=24%, n=4) (Figure 3 and 4). There was no statistical
evidence of publication bias (P=0.18 and P=1.00 respectively). The heterogeneity between
the analyzed studies decreased substantially comparing to the main analysis.

We conducted several sensitivity analyses pooling studies according to their follow-up
duration; short-term (<30days), mid-term (>30days-1year) or late-term (> 1 year) mortality.
The time frame had relatively little effect on the estimates (data not shown).

Because the selection for confounding factors varied widely between studies evaluating new
AF with no prior AF (Table 1), we conducted sensitivity analyses to assess robustness.
Analyses of studies that did adjust for age, diabetes, heart failure and coronary
revascularization showed a strong association between new AF and mortality: OR's (95%
Cl, n studies) = 1.49 (1.26-1.76, n=4). Finally, the association between new AF and
mortality in studies that adjusted for age, diabetes, hypertension, prior Ml, heart failure and
coronary revascularization remained almost similar (1.39 (1.19-1.63, n=3).

Discussion

Our findings

This is the first meta-analysis of clinical studies on the prognostic impact of AF in the
setting of MI. In this meta-analysis of 43 studies involving 278854 patients, we have
demonstrated an increased risk of mortality associated with the presence of AF in the setting
of MI. Indeed, AF is associated with at least 40% increase in the risk of mortality compared
with control patients in sinus rhythm. Our analysis further demonstrates that this worse
prognosis persists regardless of the timing of AF development. Finally, new AF with no
history of AF prior to MI remained associated with an increased risk of death even after
adjusting for age, diabetes, hypertension, prior Ml, heart failure and coronary
revascularization status.

The results of previous studies on the impact of AF on survival in patients with MI were
conflicting, with some studies showing no significant adverse effect on mortality,1: 3 4. 13-15
whereas other studies illustrating an independent adverse effect.2: 5 6. 8-12

It is plausible that studies showing no increased risk were imprecise and the present meta-
analysis includes a larger number of events and thus, has increased power. It was also
unclear if the presence of prior AF to the Ml is associated with an adverse

prognosis.5: 10: 11,32 Oyr meta-analysis demonstrated that the increased mortality risk seems
to be related to AF regardless of its development timing.
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There are several potential explanations for the observed association between increased all-
cause mortality and AF in MI patients. New AF may lead to adverse outcomes in patients
with M1 through adverse haemodynamic effects such as loss of atrial contraction, rapid
ventricular rates, loss of atrioventricular synchrony and an irregular RR interval leading to a
decrease in cardiac output.?? Additionally, the combination of AF and heart failure is
particularly ominous in that it appears that the development of either condition has a marked
detrimental impact upon the mortality of the other.>1-53 Pooling selected studies that
adjusted for patient's characteristics, heart failure and acute treatment of MI showed the
same association between mortality and new AF. The worse prognosis in patients with Ml
developing AF seems to be directly correlated with the arrhythmia, in addition to the clinical
conditions severity of the patients. However, it is still unclear as to whether AF is a
complication of MI or merely demarcates Ml severity. Finally, in AF patients with Ml
requiring percutaneous coronary intervention (PCI) with stent implantation, the optimal
association between aspirin, clopidogrel and oral anticoagulant (OAC) remains cumbersome
and renders the clinical management of Ml in the presence of AF more difficult. Aspirin is
given systematically during acute MI and the dual antiplatelet therapy (clopidogrel and
aspirin) is the gold standard treatment after acute coronary syndrome and PC1.54 In AF
patients, triple therapy and dual therapy using aspirin and OAC are associated with a high
frequency of major bleedings® and the use of clopidogrel and OAC combination is
associated with a relatively high incidence of fatal stroke.>® In daily clinical practice, oral
anticoagulation is only given to a minority of Ml patients with AF, despite the fact that oral
anticoagulation is associated with a reduction in 1-year mortality.23: 57 Ongoing and further
research is needed to identify ways to prevent the occurrence of AF during Ml, and to
determine the optimal AF therapeutics for patients with MI to reduce mortality.

Strengths and Limitations

Several limitations should be considered in this study. First, we included some randomized
trials that were not designed to capture AF; thus, reporting bias is a possibility. However, the
incidence rates of AF were consistent with the rates found in the general population, which
suggest that AF was adequately ascertained by appropriate surveillance to capture this event.
Second, we could not investigate the effects of persistent AF versus paroxysmal AF on
mortality as the studies used for our meta-analysis did not investigate this issue. Third,
significant heterogeneity between included studies was noted in the main analysis, as is
often the case in meta-analyses of large observational studies.>8: %9 Potential sources of
heterogeneity include patient demographics, follow up duration, outcome ascertainment,
adjustment for confounders and study quality. Moreover, studies included in the review span
several decades (published between 1970 and 2009) during which great advances have been
made in the treatment of MI. The use of optimal meta-analytic techniques with random-
effect models, cannot however account for these differences. However, there was virtually
no qualitative heterogeneity and subgroups and sensitivity analyses confirmed robustness by
showing similar results to the main analysis. Finally, we did not have patient-level data, the
gold standard method to test for interactions at the patient-level covariates.

Our study has several important strengths. We conducted a comprehensive up to date
literature search with evidence reviewed by 2 blinded reviewers with adequate inter-
reviewer agreement; and formal assessment of the methodological quality of the studies.
Also, our pooled estimates are based on multivariate ORs of studies adjusting for several
important AF risk factors. Subgroup analyses and sensitivity analyses confirmed the
robustness of our main results. Finally, there was no statistical evidence of publication bias.
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In conclusion, the presence of AF is associated with an increased risk of mortality in Ml
patients, irrespective of the timing of AF. These subsequent 40% increases in mortality
associated with AF during MI suggest that AF can no longer be considered as a non severe
event. New AF with no history of AF prior to MI remained associated with an increased risk
of mortality even after adjusting for several important AF risk factors. Closer attention
should be paid to patients with AF complicating Ml, including diligent monitoring during
the acute phase of MI.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Literature Search and Study selection
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Figure 2.
Mortality and atrial fibrillation in myocardial infarction patients ClI, Confidence Interval.
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Study name  Follow up Odds Lower Upper Odds ratio and 95% ClI

Asanin,2005 7 years
Behar,1992 6 years
Pedersen,1999 5 years
Saczynski,2009 5 years

Lehto,2005 3 years
Eldar,1998 1 year
Lau,2009 1 year

Mehta, 2003 Hosp

Trappolini,2006 Hosp
Total

Test for heterogeneity:
Cochran Q = 11.1, df = 8 (P= 0.20); I*= 28%
Test for overall effect: z=7.4 (P<0.0001)

ratio

1.14
1.28
1.42
1.26
1.82
1.33
1.36
1.65
1.50
1.37

limit
0.72
1.12
1.19
1.156
1.39
1.05
0.84
1.30
0.80
1.26

limit
1.80
1.46
1.69
1.38
2.39
1.68
2.20
2.09
2.81
1.49

0.2 05 1

- * *+...+_

2

5

Figure 3.

Mortality and new atrial fibrillation post myocardial infarction ClI, Confidence Interval.
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Study name Follow up Odds Lower Upper Odds ratio and 95% CI

ratio

Pedersen,1999 5years 1.30
Lehto,2005 3years 1.32

Lau,2009 1 year 1.42
Mehta,2003 Hosp 1.01
Total 1.27

Test for heterogeneity:
Cochran Q = 3.9, df = 3 (P=0.27); I*= 24%
Test for overall effect: z=5.1 (P< 0.0001)

limit  limit
120 1.40
112 155
1.01 1.99
0.78 1.30
1.16 1.40

0.2 05 1

2

5

Figure 4.

Mortality and atrial fibrillation prior to myocardial infarction CI, Confidence Interval.
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