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Objective: Fragmented QRS (fQRS) have been reported as a predictor of major adverse
cardiac events (MACE) and mortality in several studies on cardiovascular disease.
However, most studies have yielded discrepant results. This study aimed to explore the
correlation between fQRS and cardiovascular events in patients with acute myocardial
infarction (AMI) during their hospital stay and follow-up period, and the predictive value
of fQRS in the prognosis of AMI.

Methods: We searched for relevant studies in four databases, Medline, Embase,
PubMed, and the Cochrane Library from January 2010 to March 2020. Our initial search
yielded 585 articles. Of these, we screened 19 studies, and finally included a total of
6,914 patients in this analysis, comparing death events or MACE in AMI patients with or
without fQRS.

Results: Fragmented QRS was significantly associated with a higher risk of in-hospital
mortality (OR, 3.97; 95% ClI, 2.45-6.44; p < 0.00001), long-term mortality (OR, 2.93;
95% Cl, 1.76-4.88; p < 0.0001), in-hospital MACE (OR, 2.48; 95% ClI, 1.62-3.80; p <
0.0001), and long-term MACE (OR, 3.81; 95% Cl, 2.21-6.57; p < 0.00001). In particular,
it demonstrated a higher predictive value for in-hospital cardiovascular mortality and
long-term all-cause mortality in AMI patients and in-hospital mortality in patients with ST-
segment elevation myocardial infarction (STEMI). Moreover, fQRS was also associated
with an increased risk of ventricular arrhythmias (OR, 2.76; 95% ClI, 1.72-4.43; p <
0.0001) and heart failure (OR, 1.65; 95% CI, 1.02-2.66; p = 0.04). Fragmented QRS
was negatively associated with left ventricular ejection function (LVEF) (MD, —5.47; ClI,
[-7.03, —3.91]; p < 0.00001) and positively associated with a high incidence of coronary
artery triple vessel lesions (OR, 2.14; 95% CI, 1.31-3.51; p = 0.002) in AMI patients.
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Luo et al. Fragmented QRS and AMI

FIGURE 3 | Summary of the odds risk of mortality and MACE in patients with fQRS. The size of the square for each study is proportional to the sample size.
Weighting refers to the contribution of each study to the pooled result and was determined using the random effects model (the endpoints reported in the forest plot
are the odds risk of in-hospital mortality, in-hospital MACE, long-term mortality, and long-term MACE, respectively).
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Summary Likelihood Ratio of fQRS to predict in-hospital mortality
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FIGURE 4 | Summary LRs of fQRS to predict in-hospital mortality, in-hospital MACE, long-term mortality, and long-term MACE.
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et al., and Yildirim et al. as outliers (Yildirim et al., 2014; Akgul
et al,, 2015; Kurtul and Duran, 2017). After removing the studies
by Kurtul and Duran (2017) and Yildirim et al. (2014) the overall
pooled OR (2.32, 95% CI, 1.68-3.21) in the meta-analysis for all-
cause in-hospital mortality was reduced, with less heterogeneity
between studies (I> = 13%, p = 0.25). After removing the study
by Akgul et al. (2015) alone, the overall pooled OR (2.91, 95%
CI 1.73-4.87) in the meta-analysis for in-hospital cardiovascular

mortality also somewhat decreased, without any heterogeneity
between studies (I> = 0%, p = 0.60). The pooled OR (3.38 95%
CI, 2.40-4.77) in the meta-analysis for the in-hospital mortality
in STEMI patients decreased, without any heterogeneity between
studies (> = 0%, p = 0.86) after removing Akgul et al
and Yildirim et al’s studies (Yildirim et al., 2014; Akgul
et al,, 2015). Summary estimates in other subgroups are given
in Table 4.
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TABLE 4 | Results of subgroup analysis and other endpoints.

Factors Categories No.of studies fQRS group No-fQRS group OR/MD(95%CI) Model used  Heterogeneity
Events/total Events/total 12 p-value
Difference endpoints of mortality
In-hospital mortality ~ All-cause 6 153/1,168 64/1,564 3.77 [2.06, 6.91] Random 63 <0.0001
Cardiovascular 5 40/409 29/1,276 4.31[1.75,10.64] Random 58 0.002
Long-term mortality ~All-cause 4 61/807 38/1,427 4.42 [1.68, 11.60] Random 75 0.008
Cardiovascular 8 116/992 79/1,729 3.22 [1.79, 5.80] Random 66 <0.0001
Subgroup for main endpoints
In-hospital mortality ~ All 11 185/1,612 92/2,607 3.32[2.20, 5.01] Random 58 0.008
An arbitrary ECG group 3 35/493 2/737 23.32[6.38, 85.20] Random 0.8
Specific time group 8 150/1,119 90/1,870 2.77 [2.06, 3.72] Random 0.64
History of MI? 9 154/1,276 84/2,132 3.30 [2.05-5.29] Random 48 0.05
First Ml 3 59/518 12/1,121 12.91 [3.07-54.19] Random 75 0.02
QRS duration<120 mms 9 145/1,317 75/2,681 4.32 [2.57-7.26] Random 55 0.02
QRS duration Including>120 mms 2 54/386 19/249 3.74[0.43,32.41] Random 61 0.11
Retrospective 8 169/1,310 85/2,141 3.39 [2.24, 5.14] Random 44 0.08
Perspective 3 30/393 9/789 7.83[0.80, 76.36] Random 77 0.01
NSTEMIP 1 2/85 7/348 1.17 [0.24, 5.75] Random / /
STEMI® 8 157/1,449 68/2,451 4.92[2.93, 8.28] Random 53 0.03
Long-term mortality NSTEMI 4 44/507 30/742 3.44 [2.04, 5.80] Random 0 1
STEMI 2 42/244 35/712 4.911[0.82, 29.44] Random 91 0.0001
History of MI 7 109/1,098 82/1,736 2.64[1.92,3.62] Random 0 0.71
First Ml 2 26/187 16/436 2.77[0.13-58.56] Random 94 0.0001
QRS duration<120 mms 8 133/1,015 98/1,954 2.90[1.71-4.93] Random 68 0.002
QRS duration Including>120 mms 1 2/270 0/218 4.07 [0.19-85.20] Random /
Retrospective 4 52/575 40/783 2.60[1.64, 4.12] Random 0 0.67
Perspective 4 66/417 43/946 3.24[1.14,9.22] Random 82 0.0007
In-hospital MACE QRS duration Including>120 mms 1 55/217 9/118 3.32[1.70-6.48] Random / /
QRS duration<120 mms 4 108/407 87/868 2.19[1.39-3.44] Random 23 0.27
History of Ml 5 165/632 87/788 2.01[1.40-2.88] Random 41 0.15
First Ml 1 15/91 20/323 2.66 [1.42,4.99] Random / /
Long-term MACE QRS duration Including>120 mms 1 57/270 29/210 1.67[1.02,2.72] Random / /
QRS duration<120 mms 6 262/548 131/802 4.45[2.56,7.72] Random 75 0.001
History of MI 5 210/582 101/5627 3.12[1.62-6.02] Random 78 0.001
First Ml 2 109/236 59/485 5.85 [3.96-8.64] Random 0 0.39
Others endpoints
VT/VFA / 6 128/763 95/1,455 2.76[1.72,4.43] Random 57 0.04
Heart failure / 5 158/839 115/1,188 1.65 [1.02,2.66] Random 64 0.03
TVL® / 327/796 287/1,188 2.14[1.31-3.51] Random 79 <0.0001
LVEF' / 13 —5.47 [-7.03,-3.91] Random 84  <0.00001

aMI myocardial infarction; ?NSTEMI Non-ST-segment elevation myocardial infarction; °STEMI ST-segment elevation myocardial infarction; 9VT/VF Ventricular tachycardia/ventricular

fibrillation; @ TVL Triple vessel lesion; f LVEF Left ventricular ejection function.

fQRS and Long-Term Mortality

Nine studies representing 3,457 patients with fQRS were included
in this meta-analysis for long-term mortality (Figure 3). Of
3,457 patients, 233 died during the mean/median follow up
of 5.66-28 months. Mortality was more common in patients
with fQRS than in controls (135/1285 vs. 98/2172) (OR, 2.93;
95% CI, 1.76-4.88; p < 0.0001), with significant heterogeneity
between studies (> =66%; p < 0.0001). The pooled positive
and negative LRs were 1.77 and 1.66, respectively, with
significant heterogeneity in positive LR (I* = 80.8%, p < 0.0001)

and negative LR (I> =63.3%, p = 0.0053) between studies
(Figure 4).

Four studies reported all-cause long-term mortality (OR,
4.22; 95% CI, 1.68-11.60; p < 0.003) and eight reported long-
term cardiovascular mortality (OR, 3.22; 95% CI, 1.79-5.80;
p < 0.0001), respectively, both with significant heterogeneity
between studies (I> = 75%, p = 0.003, and I* = 66%, p
< 0.0001, respectively). The sensitivity analysis showed that
the study by Akgul et al. (2015) was the outlier, which
shared the same cause of heterogeneity in in-hospital mortality.
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The presence of fQRS was still found to be correlated with
long-term mortality risk (OR, 2.40; 95% CI, 1.67-3.47; p <
0.00001), all-cause mortality risk (OR, 2.81; 95% CI, 1.40-
5.65; p 0.004), and cardiovascular mortality risk (OR,
2.58; 95% CI, 1.69-3.94; p < 0.0001) after ruling out this
study from the analysis, with reduced heterogeneity (I?
25, 37%, and 22%; p 0.23, 0.21, and 0.22, respectively)
(Table 4).

The result was not statistically significant (OR, 4.91; 95% CI,
0.82-29.44; p = 0.0006; I> = 91%) when only patients with
STEMI were included (n = 956). The fQRS was still found to be
correlated with a higher risk of long-term mortality (OR, 3.44;
95% CI, 2.04-5.80; p < 0.00001), without heterogeneity (I* = 0%,
p = 1.00) when only patients with NSTEMI were considered (n =
1,248). In addition, in the presence of fQRS, whether or not these
several studies with obvious heterogeneity are removed. The OR
of in-hospital mortality is always higher than that of long-term
mortality. In terms of the prediction of in-hospital mortality, the
predictive value for in-hospital cardiovascular mortality may be
higher than that for all-cause mortality. In terms of long-term
mortality, however, the predictive value for all-cause mortality
may be higher than that for cardiovascular mortality. Summary
estimates in other subgroups are given in Table 4.

fQRS and MACE

A total of 1,610 patients with STEMI in 5 studies were included
in the analysis for in-hospital MACE (Figure 3). The incidence of
MACE was higher in the fQRS group (158/624 vs. 96/986)(OR,
2.48; 95% CI, 1.62-3.80; p < 0.0001) than in controls, without
significant heterogeneity (I> = 39%,). The summary positive
LR was 1.50 (95% CI, 1.29-1.74) (Figure 4) without significant
heterogeneity (I> = 25.6%, p = 0.32). The negative LR was 0.73
(95% CI, 0.48-1.12) with significant heterogeneity (I> = 86.8%, p
< 0.0001) (Figure 4).

Outcomes regarding long-term MACE were available in 7
studies (Figure 3). During a mean/median follow up of 5.66—
28 months, 479 out of 1,830 patients died. MACE was more
common in patients with fQRS (319/818 vs. 160/1012) (OR,
3.81;95% CI, 2.21-6.57). Significant heterogeneity existed across
studies (I> = 82%, p < 0.0001). The summary positive LR was
1.99 (95% CI, 1.45-2.72) (Figure 4), and the negative LR was 0.54
(95% CI, 0.44-0.68) with significant heterogeneity in the positive
LR (I? = 89.6%, p < 0.0001) and the negative LR(I> = 59.2%, p
= 0.023). Sensitivity analysis and meta-regression analysis failed
to identify a single study to account for heterogeneity (Figure 4).

fQRS and Other Cardiovascular Events

Five studies including 839 patients and 1,188 patients in the fQRS
and the non-fQRS group, respectively, reported heart failure
(Table 4). There was an association between fQRS and heart
failure (OR, 1.65; 95% CI, 1.02-2.66; p = 0.04) with significant
heterogeneity (I> = 64%, p < 0.0001). A total of 6 studies
reported VT/VF events (Table4). Among 2,218 patients, 223
had VT/VE. There was a significant association between fQRS
and VT/VF events (OR, 2.76; 95% CI, 1.72-4.43; p < 0.0001)
with significant heterogeneity (I>= 57%, p = 0.04). Sensitivity

analysis and Meta-regression failed to identify the reason for the
heterogeneity of the two studies.

Subgroup Analysis of Main Endpoints

This meta-analysis conducted a subgroup analysis on the main
endpoint events based on whether the QRS duration was
included >120 mms and whether the patients included in the
study had a previous history of MI or PCIL. The pooled OR
of in-hospital mortality, MACE, and long-term MACE were
higher than those in the studies with a previous history of
ML In the subgroup analysis of QRS duration, it was found
that the total value of hospital deaths was lower in the group
with a QRS duration of included >120 mms compared to the
group with a QRS duration of <120 mms. The clinical value
of other subgroups may be low because there was no statistical
significance or small study sample size (Table 4).

DISCUSSION

The main findings of this meta-analysis are: (1) the fQRS on
admission ECG was strongly associated with mortality and
MACE in AMI patients during the in-hospital stay and follow-up;
(2) fQRS was positively correlated with ventricular arrhythmia
(VA) and heart failure in in-hospital patients; (3) fQRS also
indicated a decreased LVEF and a high incidence of coronary
artery triple vessel lesions in AMI patients.

The Clinical Significance of fQRS

In this meta-analysis, we found that the presence of fQRS on
admission ECG was associated with a nearly 4-fold risk of
in-hospital mortality and long-term MACE, and an almost 3-
fold risk of MACE and VT/VEF in the hospital, and mortality
during the follow-up period. Thus, this meta-analysis suggests
that fQRS has a definite predictive value for in-hospital and
long-term cardiovascular events. In the subgroup analysis, we
found that for patients with no previous history of MI and
PCI, the emergence of fQRS suggests that the risk of in-
hospital death, in-hospital MACE events, and long-term MACE
events may be higher, which has not been reported in previous
studies. We speculate that the reason for these opposing findings
may be that fQRS mainly develops after MI, so the possibility
of hemodynamic and electrophysiological instability is higher.
Additionally, meta-analyses of previous studies showed that for
ischemic cardiomyopathy, the longer the QRS duration, the
greater the risk of death. On the contrary, in our meta-analysis,
we calculated a higher OR value for studies with a QRS duration
of < 120 mms (Rosengarten et al., 2015). Unfortunately, the
specific reason behind these inconsistencies is not clear; although,
it may be related to the inclusion criteria for fQRS.

The comorbidities of MI negatively affect prognosis, especially
in patients with diabetes mellitus, which can increase the
incidence of adverse events including MACE and death. State
of diabetes could cause downregulation of stem endothelial cells
implied in regenerative post-STEMI events, and loss of epigenetic
regulators implied in intracoronary vessels thrombosis, and
prediabetes increases the inflammatory burden in pericoronary
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adipose tissue (Marfella et al., 2013, 2018a,b; Sardu et al., 2019;
D’onofrio et al., 2020). There are often concerns for patients
with these complications. However, our meta-analysis did not
show a statistical difference in the incidence of diabetes between
the fQRS and non-fQRS groups, possibly due to the different
mechanisms of cardiovascular events associated with fQRS and
diabetes. Moreover, our study found a negative correlation
between fQRS and LVEF in patients with MI, which could be
the result of multiple vascular diseases and larger infarct area
and might also be one of the reasons for poor prognosis (Gungor
etal., 2016).

fQRS and Mortality

Previous studies identified fQRS as a significant predictor of in-
hospital mortality in patients with AMI (Das et al., 2007, 2009;
Gungor et al., 2016; Attachaipanich and Krittayaphong, 2019).
Our meta-analysis suggests that fQRS increases in-hospital and
long-term mortality in AMI patients. The underlying mechanism
may be related to myocardial scar formation, but there is still a
lack of relevant research evidence (Rosengarten et al., 2015). A
negative correlation between fQRS and LVEF was demonstrated
in our study and previous studies. Moreover, data from this
study shows that fQRS increases the risk of triple vessel lesions,
indicating patients with advanced coronary artery disease (Thuijs
et al., 2019). Previous studies have reported that fQRS is related
to the size of the infarct area after MI (Pietrasik et al., 2007;
Das et al., 2009; Lorgis et al., 2012), which may be responsible
for the risk of mortality and MACE in patients with AMI. The
risk of cardiovascular mortality was higher than that of all-cause
mortality at the time of hospitalization in our meta-analysis.
Bozbeyoglu et al. have suggested that cardiovascular mortality
associated with fQRS may be due to VA, sudden cardiac death
(SCD), and deterioration of left ventricular systolic function
secondary to myocardial scarring (Bozbeyoglu et al., 2016).
Fragmented QRS is also a predictor of progression to heart failure
after MI (Korhonen et al., 2010; Akgul et al., 2015). This meta-
analysis correlates heart failure with fQRS, which may lead to an
increase in cardiovascular mortality.

It is noteworthy that fQRS had a higher predictive value
for hospital mortality than follow-up mortality. Another study
showed that the mortality in the fQRS group mainly occurred
in the first month after discharge during the follow-up period
(Akgul et al., 2015). Therefore, monitoring cardiac rhythm for
longer than 24-48h may be required in patients with fQRS
(Attachaipanich and Krittayaphong, 2019), and MI patients with
fQRS need more attention during hospitalization and for 1
month after discharge. In particular, fQRS significantly increased
in-hospital mortality in the group with arbitrary ECG, according
to the subgroup analysis. These three studies concluded that
fQRS significantly increased the risk of in-hospital mortality,
a finding consistent with our observation that one should not
ignore the warning signs of transient fQRS found within 48 h
of admission. Furthermore, virtually all patients developed fQRS
within 48h after primary PCI, especially within 24 to 48h
(Akbarzadeh et al., 2013; Sheng et al., 2014; Zhang et al., 2017).
Therefore, an assessment based on the presence of fQRS on

admission ECG may underestimate the predictive value of fQRS
for mortality.

fQRS and MACE

This is the first meta-analysis on the relationship between fQRS
and in-hospital MACE in patients with AMI and is consistent
with the results of previous studies that established fQRS as a
significant predictor for in-hospital MACE in AMI (Yildirim
et al., 2014; Bozbeyoglu et al., 2016). Although it is not as high
as the value for mortality, this is a significant conclusion that
cannot be ignored. Of the five studies included, four studies
found a significant correlation between fQRS and MACE events.
Stavileci et al. (2014) reported that persistent f{QRS on admission
ECG was associated with poor prognosis in patients with STEMI.
Lorgis et al. (2012) have reported that persistent f{QRS and BNP
were associated with decreased survival in univariate analysis.
However, these were not significant independent predictors
of MACE in multivariate Cox regression analysis. This study
found that fQRS was not a predictor of heart failure or VA
in univariate analysis. Fragmented QRS did not predict in-
hospital MACE in STEMI patients in a study by Umapathy et al.
(2018), that included STEMI patients presenting Killip I and II
with a lower incidence of triple-vessel disease (1.7%) and fQRS
resolving in 26% of the patients, indicating better myocardial
revascularization (Umapathy et al., 2018). In contrast, other
study cohorts included all patients with fQRS who had a higher
incidence of triple-vessel disease, larger infarct size, and worse
left ventricular function. However, it cannot be ignored that
our study only analyzed in-hospital MACE in patients with
STEMI, because we did not find any reports of in-hospital
MACE in patients with NSTEMI. Therefore, it is unclear whether
our findings represent AMIL In terms of long-term MACE
prediction, our meta-analysis found that fQRS is closely related
to long-term MACE, but that heterogeneity was high, and
no obvious abnormality was found in a single study through
sensitivity analysis.

fQRS and Other Cardiovascular Events

Fragmented QRS was an independent predictor of VA in AMI.
Attachaipanich et al. showed that the time from admission to
the last life-threatening arrhythmia event was longer in the fQRS
than in the non-fQRS group (Attachaipanich and Krittayaphong,
2019). This meta-analysis found that fQRS was significantly
associated with VT events. The impulse conduction velocity
delay, reentrant circuit, and increased risk of automaticity
due to fibroblast infiltration form an arrhythmogenic substrate
associated with an increased risk of cardiac arrhythmia that
originates from the peri-infarct area (Attachaipanich and
Krittayaphong, 2019). This could also increase the mortality and
the risk of MACE.

Overall, we found that fQRS is significantly associated with
mortality and MACE in patients with AMI and other adverse
events such as heart failure and VA. However, current research is
still unclear whether the presence of f{QRS leads to a reduction in
LVEF and further development of electrophysiological instability,
thereby further increasing mortality and events. It has also not
yet been established whether the instability of hemodynamics
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and electrophysiological activities, caused by severe myocardial
vascular lesions and larger infarct area, can lead to fQRS and
increased risk of MACE and mortality of MI. However, this does
not affect the predictive value of fQRS for patient mortality and
MACE. The causality is not yet clear, so a series of trials will be
needed to prove the cause of MACE and death by excluding other
factors such as demographic data, clinical, and laboratory tests on
patients at the same level.

Limitation of This Study

(1) All studies included were observational, and most of them
were retrospective. None of the studies evaluated the use of
fQRS in a randomized fashion. (2) Long-term cardiovascular
follow-up from 5 to 26 months extended over a long time.
(3) Fragmented QRS was defined differently among included
studies, contributing to the significant heterogeneity found in
our meta-analysis. (4) The data extracted were not adjusted for
other variables, such as age, past medical history, and ventricular
function. Further studies may evaluate whether fQRS can be
used as an independent predictor of in-hospital and long-term
cardiovascular events in the AMI population. (5) In the exclusion
criteria, patients with previous MI and PCI could not be excluded
and these patients significantly influenced prognosis and the
formation of fQRS.

CONCLUSION

The presence of fragmented QRS is associated with increased
risk of in-hospital mortality, long-term mortality, and MACE
in patients with AMI, while transient fQRS cannot be ignored.
Moreover, it is related to an increased risk of in-hospital heart
failure and VT/VF events. In the presence of fQRS, the OR
for in-hospital mortality is higher than that for long-term
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