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Abstract:    This study is aimed to investigate the clinical significance and the short-term prognostic value of frag-
mented QRS (fQRS) for patients with acute myocardial infarction (AMI). Three hundred patients with AMI were tested 
with retrospective analysis on the patients’ clinical information, hospitalized treatment, fQRS onset time, location of 
lesions, and other relevant data, in order to assess the relationship between the presence of fQRS and its prognosis. 
The rates of malignant cardiac arrhythmia, left ventricular systolic dysfunction (LVSD), and mortality in the positive 
fQRS group were 13.6%, 29.2%, and 23.7%, respectively, with all showing a p value <0.05. For the ST segment 
elevation myocardial infarction (STEMI) subgroup, all the rates showed significant differences with a p value <0.01, 
while for the non-STEMI (NSTEMI) subgroup showed no significant differences. In patients with a positive fQRS, there 
were no differences in malignant cardiac arrhythmia between patients with and without percutaneous coronary in-
tervention (PCI) (p>0.05). As for the LVSD and mortality, the p values between patients with and without PCI were 
0.031 and 0.000, respectively, suggesting statistical significance. The results imply that AMI patients with positive 
fQRS especially for the patients with STEMI had higher rates of malignant cardiac arrhythmia, LVSD, and mortality 
than the non-fQRS group. Patients of AMI with positive fQRS, who underwent early revascularization, could lower the 
incidence of the cardiovascular event. In addition, the presence of fQRS could be used as an indication of early in-
tervention treatment for patients. 
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1  Introduction 
 

Acute myocardial infarction (AMI) is due to the 
onset of stenosis or occlusion in the coronary artery 
that can cause severe ischemia and necrosis of myo-
cardium and consequently result in a high mortality 
rate and poor prognosis. It has been shown that the 
primary causes of death are arrhythmia and heart 
failure. Malignant arrhythmia (mainly ventricular 
fibrillation) is usually the primary manifestation and 
accounts for 50% of the mortality (Wang and Zhao, 

2011) while heart failure is commonly seen in patients 
with a large area of myocardial infarction (>40%) and 
sometimes results in cardiogenic shock. As a new 
electrocardiographic index, fragmented QRS (fQRS) 
has been proved to be a valuable tool for detecting 
myocardial infarction (France et al., 1990; Michael et 
al., 2007; Xu and Qi, 2009), as well as predicting the 
incidence of malignant cardiac arrhythmia and left 
ventricular systolic dysfunction (LVSD) (Guo, 2008; 
Cheema et al., 2010). However, the correlation be-
tween incidence of malignant cardiac arrhythmia, 
LVSD, or mortality and factors such as fQRS onset 
and duration, fQRS distribution in electrocardiog-
raphy (ECG) leads, coronary lesion, ST segment 
elevation myocardial infarction (STEMI), non-STEMI 
(NSTEMI), and percutaneous coronary intervention 
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(PCI), is still poorly understood as there are only a few 
studies available on these subjects. This study focuses 
on the investigation of the clinical significance and 
the short-term prognostic value of fQRS for patients 
with AMI. 

 
 

2  Materials and methods 

2.1  General information 

ST-segment and T-wave abnormalities and Q 
waves were defined per standard definitions recom-
mended by consensus documents of the Guideline for 
Diagnosis and Treatment of Patients with Acute 
Myocardial Infarction (Gao, 2001) and the universal 
definition of myocardial infarction (MI) based on 
patients’ symptoms, analysis of the standard 12-lead 
electrocardiogram, biomarkers, cardiac catheteriza-
tion results as well as clinical data. Three hundred 
patients with AMI under continuous treatment in the 
coronary care unit and the general wards of the Pe-
king University First Hospital during January 2010 to 
September 2011 were selected for the study. Patients 
with the following conditions would be excluded:  
(1) severe valvular disease, congenital heart disease, 
or pacemaker implantation; (2) other severe organ 
disease or dysfunction such as cancer, liver or kidney 
failure, neurological or mental disease.  

2.2  Experiment procedure  

2.2.1  Routine ECG 

All admitted patients would receive 12-lead 
ECG as a part of a routine examination (filter range, 
0.5–100 Hz; AC filter, 25 mm/s, 10 mm/mV). ECG 
monitoring was required for every patient upon ad-
mission to the hospital. Serial ECG was performed 
right after the patients were administered in the hos-
pital. To minimize the omission of fQRS, patients 
would have their ECG rechecked after administered 
in 1, 3, 6, 12, and 24 h segments. Every patient would 
have an ECG performed every day and additional 
ECG would be performed when presented with any 
related discomfort until they were discharged or died. 
All the patients would have an ECG rechecked after a 
PCI. Every patient would have their Holter ECG and 
echocardiogram on the third day of admission as well. 

 

2.2.2  Diagnostic standard for fQRS (Das et al., 2006; 
2007) 
 

Narrow fQRS: fQRS includes various RSR’ 
patterns with different morphologies of the QRS 
complexes except the bundle branch block, with or 
without the Q wave on the regular 12-lead ECG 
shown in at least two contiguous leads, corresponding 
to a myocardial territory. 

Fragmented wide QRS (f-wQRS): For a wide 
QRS wave of bundle branch block (QRS>120 ms),  
R wave or S wave with more than two notches is 
observed in two sequential leads (f-LBBB QRS, 
f-RBBB QRS); for a wide QRS complex of premature 
ventricular contractions (PVCs), R waves will show 
two notches and it is required to show time intervals 
of greater than 40 ms between two notches of the 
QRS waves in two or more sequential leads (f-PVCs). 
Electrocardiograms were compared with previous 
electrocardiograms if available to confirm fQRS or 
that pathologic Q waves were of a new onset. 

2.3  Follow-up and observation endpoint 

An echocardiogram was performed for all the 
patients. A patient with a left ventricular ejection 
fraction (LVEF), which evaluated the heart function, 
shown to be <40% had LVSD (Paulus et al., 2007). 
Malignant cardiac arrhythmia included polymorphic 
ventricular extrasystoles, ventricular tachycardia, and 
ventricular fibrillation. The patients testing would end 
with either a discharge after recovery or an all-cause 
death.  

2.4  Statistical analysis 

All quantitative data would be shown as mean± 
standard deviation (SD). The t-test was for compari-
son of averages. The Chi-square test was for the 
comparison of rates. The 95% confidence interval (CI) 
of relative risk (RR) suggested the presence of clini-
cally significant risk factor. A p value <0.05 indicated 
statistical significance. The Kaplan-Meier method 
was used to estimate survival functions of all-cause 
mortality and a Cox regression model was used to 
estimate the hazard ratios of variables of interest 
while controlling for other covariates. All statistical 
analyses would be completed using the SPSS 16.0 
software. 
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3  Results 

3.1  Basic information of selected patients 

The mean follow-up period of the patients studied 
was (15.09±0.813) d and the average age of the 300 
patients was (68.48±0.71) years. The study included 
204 male patients and 96 female patients, 99 STEMI 
patients and 201 NSTEMI patients, and 184 patients 
received PCI treatment during hospitalization. We 
found 169 patients with fQRS and the other 131 pa-
tients without fQRS, and there was no statistical sig-
nificance in comparison of age, sex, and location of 
the infarct between the groups with or without fQRS. 

3.2  Information of fQRS 

3.2.1  Onset time of fQRS 

The average fQRS onset time was (2.91±0.35) d 
after AMI. Sixty-eight percent of the patients had 
fQRS within 24 h after AMI (115/169), 9.5% patients 
showed fQRS in 2 d (16/169), and 4.1% on the third 
day (7/169) (p<0.01). Approximately 88.2% of all 
patients had fQRS by the first week of testing after 
AMI (149/169) (Fig. 1). 

3.2.2  Duration of fQRS  

The average duration of fQRS was (4.34±0.45) d. 
Most of all patients, 43.8% had persistence of fQRS 
for 1 d (74/169), 13.0% showed fQRS for 2 d 
(22/169), and 4.1% showed fQRS for 3 d (7/169) 
(p<0.01). Approximately 4.7% of the patients had 
fQRS for as long as a period of 7 d (8/169). For a 
duration of fQRS longer than two weeks, 4.7% of 
patients fell into this category (8/169) (Fig. 2). 

3.3  Short-term prognostic outcome for AMI pa-
tients with fQRS 

3.3.1  fQRS and malignant cardiac arrhythmia  

Retrospective analysis on ECGs for the 300 
hospitalized AMI patients showed that 30 patients 
developed malignant cardiac arrhythmia. Based on 
the presence of fQRS, 300 patients were put into 
different groups and the correlation between fQRS 
and malignant cardiac arrhythmia would then be ob-
served and analyzed. From Table 1, it was seen that in 
30 patients, who later developed malignant cardiac 
arrhythmia, 76.7% had positive fQRS (23/30) and 

23.3% showed a negative result for fQRS (7/30). In 
the positive fQRS group, including 169 patients, 
13.6% of the patients developed malignant cardiac 
arrhythmia (23/169); in 131 cases for the non-fQRS 
group, only 5.3% showed this condition (7/131) 
(p<0.05). Univariate electrocardiographic predictors 
of mortality on the basis of the Cox regression model 
were fQRS and Q waves. After controlling for age, 
diabetes, hypertension, hypercholesterolemia, family 
history of coronary artery disease, and history of 
smoking, fQRS was shown to be a significant pre-
dictor of malignant cardiac arrhythmia, whereas Q 
waves did not predict malignant cardiac arrhythmia 
(Table 2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1  Correlation between fQRS and malignant 
cardiac arrhythmia 

Group 
Number 

p 
Total

Positive 
fQRS 

Negative
fQRS 

With malignant 
cardiac arrhythmia

30 23 7 
0.018

Without malignant 
cardiac arrhythmia

270 146 124 

Fig. 1  Onset time of fQRS of selected patients 
Onset time of fQRS of 68.05% patients was within 2 d 
after AMI 
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C
as

e 
(%

) 

Fig. 2  Duration of fQRS of selected patients 
Duration of fQRS over 50% patients was 2 d 
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3.3.2  fQRS and LVSD 

In the hospitalized AMI patients, 283 of them 
completed echocardiography and were grouped ac-
cording to LVEF. There were 219 patients with LVEF 
≥40% and 64 patients with LVEF <40% suggesting 
LVSD. As shown in Table 3, there were a total of 64 
patients with LVSD, in which 73.4% also had a pos-
itive fQRS (47/64) and 26.6% had a negative result of 
fQRS (17/64). In the positive fQRS group including 
161 patients, 29.2% of the patients developed LVSD 
(47/161), and in 122 cases of the non-fQRS group, 
only 13.9% showed this condition (17/122) (p<0.05). 

 
 
 
 
 
 
 

3.3.3  fQRS and mortality 

During a mean follow-up period of (15.09±0.813) d, 
19.7% of the patients died. Mortality was signifi-
cantly higher in the fQRS group than in the non-fQRS 
group. By observing the prognoses of patients in 
relation to the presence of fQRS, it was found that in 
169 cases of positive fQRS, the mortality rate was 
23.7% (40/169); the 131 patients of the non-fQRS 
group showed a 14.5% mortality rate (19/131) (odd 
ratio (OR) 1.828, 95% CI 1.001–3.337, p=0.048). 
Kaplan-Meier survival analysis revealed significantly 
decreased survival for the fQRS group compared to 
the non-fQRS group (p=0.013) (Fig. 3). 

3.4  Correlation between fQRS and the short-term 
prognosis for patients with STEMI  

There were 99 STEMI patients (33.0%) and 201 
NSTEMI patients (67.0%). For the two groups, an 
analysis on the correlation between fQRS and a con-
dition of malignant cardiac arrhythmia, LVSD, or 

prognosis was conducted. As shown in Table 4, the 
STEMI patients of positive fQRS had four times the 
incidence of malignant cardiac arrhythmia in com-
parison to the non-fQRS group (p<0.01). The rate of 
LVSD of fQRS group was 7.5 times higher than that 
of the non-fQRS group (p<0.01). The mortality rate of 
fQRS group was 2.4 times greater than that of the 
non-fQRS group (OR 2.44, 95% CI 1.044–5.702, 
p=0.006). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.5  Correlation between fQRS and the short-term 
prognosis for patients with NSTEMI 

Between the subgroups of fQRS and non-fQRS 
in the NSTEMI patients, there was no statistical sig-
nificance in malignant cardiac arrhythmia, LVSD, 
and mortality (Table 5).  

 
 
 
 
 
 
 
 
 

Table 2  Cox regression analysis 

Electrocardiographic 
sign 

p Hazard ratio* (95% CI)

fQRS 0.024 0.393 (0.174–0.887) 

Q wave 0.419 0.720 (0.324–1.597) 
* Derived after controlling for age, diabetes, hypertension, hypercho-
lesterolemia, family history of coronary artery disease, and smoking 

 

Table 3  Correlation between fQRS and LVSD 

Group 
Number 

p 
Total 

Positive 
fQRS 

Negative
fQRS 

LVSD 64 47 17 
0.013

Non-LVSD 219 114 105 

Table 4  Correlation between fQRS and the short-term 
prognosis for patients with STEMI 

Prognosis 
Number (percentage) 

p 
fQRS Non-fQRS 

Malignant cardiac 
arrhythmia 

16 (31.4%) 4 (8.3%) 0.004 

LVSD 25 (53.2%) 3 (7.1%) 0.000 

Death 24 (47.1%) 10 (20.8%) 0.006 

 

Table 5  Correlation between fQRS and the short-term 
prognosis for patients with NSTEMI 

Prognosis 
Number (percentage) 

p 
fQRS Non-fQRS 

Malignant cardiac 
arrhythmia 

7 (5.9%) 3 (3.6%) 0.457 

LVSD 22 (19.3%) 14 (17.5%) 0.842 

Death 16 (13.6%) 9 (10.8%) 0.566 

 

Fig. 3  Kaplan-Meier survival analysis of fQRS and 
non-fQRS groups for all-cause mortality 
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3.6  Correlation between PCI and the short-term 
prognosis for patients with positive fQRS 
 

Out of 169 cases with positive fQRS, 101 pa-
tients had coronary angiography, including 10 pa-
tients for the coronary bypass surgery, and 90 patients 
for PCI treatment. A total of 68 patients did not re-
ceive a coronary angiography because of the patients’ 
health conditions, economics, etc. The correlation 
analysis between PCI treatment and the development 
of malignant cardiac arrhythmia, LVSD, or mortality 
in patients with positive fQRS is shown in Table 6. In 
comparison to the PCI group, there was no difference 
in development of malignant cardiac arrhythmia in 
the non-PCI group, but as for the LVSD and mortality 
rate, the non-PCI group had significantly higher in-
cidences (p<0.05).  

 
 
 
 
 
 
 
 

 
 
4  Discussion 
 

AMI is a high-risk disease whose primary cause 
of death is malignant cardiac arrhythmia, accounting 
for 50% of all deaths. Heart failure is commonly 
found in patients with a large area of myocardial 
infarction. Therefore, the objective of risk evaluation 
immediately after admission is to provide early risk 
stratification of patients with AMI and to identify 
high-risk patients and predict complications. Thus, it 
plays an important role to assess the short-term and 
long-term prognostic outcomes, as well as preventing 
adverse events and improving prognosis for patients 
(Das et al., 2006; 2009). More researchers are now 
focusing on clinical application of fQRS (Carey et al., 
2010). Currently, there are many theories on the 
mechanism of fQRS (Flowers et al., 1969; Frustaci et 
al., 2005; Zhang et al., 2011).  

In our study, the frequent onset time of fQRS of 
approximately 77.5% of the patients was 24 to 48 h 
after AMI, and the fQRS duration of 56.8% of the 

patients who developed fQRS was 24 to 48 h. It takes 
approximately two to four weeks for cardiac muscle 
remodeling after infarction and the replacement of 
tissues by fibroblasts is completed by the 6th and the 
8th weeks. The myocardial scarring becomes the 
basis of the ventricular remodeling process. It was 
thus postulated that the formation of fQRS in early 
myocardial ischemia might be due to the asynchro-
nous conduction during infarction (Wang and Zhao, 
2011). Most of the studies related to fQRS spent more 
time to evaluate the outcomes of the MI patients after 
more than 30 d. Many early validation studies had 
shown that fQRS was a remote surrogate marker of 
the myocardial scar (Gardner et al., 1985; Das et al., 
2008). In our study, a large portion of the patients 
developed fQRS in the acute phase. This phenomenon 
showed that fQRS might be a remark for the elec-
trocardiographic predictors in the acute phase of MI. 
Can fQRS be induced for the same reasons that cause 
electrical storm in the early phase of AMI patients? 
This may require further study to investigate the eti-
ology of fQRS. This study also showed that there was 
an 81.1% incidence rate of fQRS in the inferior lead 
(137/169), which was significantly higher than the 
rates observed at the anterior and the lateral chest wall. 
However, the analysis on fQRS in correspondence 
with coronary lesions found no statistical significance 
between the two. The attempt to link fQRS of a lead 
to the number of coronary lesions showed that there 
were variations in the number of coronary lesions 
(either single or multiple) when fQRS occurred in the 
inferior lead (p<0.05). On the other hand, there was 
no statistical significance between the incidence of 
fQRS in the anterior or the lateral leads and the 
number of coronary lesions. Yao et al. (2011) studied 
the relationship between fQRS in the inferior lead and 
the coronary lesion in 128 patients with coronary 
heart disease. They arrived at the same conclusion as 
this study that the incidence rate of fQRS was sig-
nificantly higher in the inferior lead than in the other 
two leads (anterior and lateral). Furthermore, they 
pointed out that fQRS in the II, III and the aVF-lead 
could not be used to determine the number of coro-
nary lesions (either to be single or multiple). Apop-
tosis appears to play a more important role in causing 
arrhythmogenic right ventricular cardiomyopathy 
(ARVC). Coincidently, the apoptosis usually occurs 
in the right ventricular segments adjacent to the  

Table 6  Correlation of PCI and clinical outcome in 
patients with fQRS  

Prognosis 
Number 

p 
PCI  Non-PCI 

Malignant cardiac 
arrhythmia 

11 12 0.209

LVSD 23 24 0.031

Death 14 26 0.000
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diaphragm, as well as the apical (known as the trian-
gle of dysplasia). Therefore, this might in some aspect 
explain the high incidence rate of fQRS located in the 
inferior lead. However, it is still unclear why the 
incidence rate of fQRS is notably higher in the infe-
rior lead and further investigation is required to un-
derstand if it is related to the anatomical uniqueness 
where blood supplies from both directions of coro-
nary arteries overlap or is simply due to the average 
level of cardiac electric axis.  

It is well known that fQRS can be the indicator 
of the upcoming malignant arrhythmia, which is 
consistent with our results. However, in our study, Q 
waves were significant predictors of mortality (OR 
1.934, 95% CI 1.121‒3.335, p=0.018) compared to 
fQRS (OR 1.687, 95% CI 0.978‒2.910, p=0.060). 
This indicates that Q wave still can be a valuable 
predictor of mortality while fQRS can assist physi-
cians to evaluate the condition of their AMI patients 
with its high predict value of malignant arrhythmia or 
when there is no evidence of Q waves existing.  

This study also showed that the positive fQRS 
group had higher rates in malignant cardiac arrhyth-
mia, LVSD, and mortality than the non-fQRS group 
(p<0.05). The STEMI patients of positive fQRS had 
four times the incidence of malignant cardiac arrhyth-
mia in comparison to the non-fQRS group (p<0.01). 
The rate of LVSD of the fQRS group was 7.5 times 
higher than that of the non-fQRS group (p<0.01). The 
mortality rate of the fQRS group was 2.4 times greater 
than that of the non-fQRS group (OR 2.44, 95% CI 
1.044‒5.702, p=0.006). Between the subgroups of 
fQRS and non-fQRS in the NSTEMI patients, there 
was no statistical significance in malignant cardiac 
arrhythmia, LVSD, or mortality. It suggests that the 
presence of fQRS in STEMI patients might be 
strongly correlated to a higher incidence of cardio-
vascular events. Statistical analysis showed no sig-
nificant variation in the incidence rates of fQRS be-
tween the STEMI and the NSTEMI patients (p>0.05), 
implying that fQRS was not correlated to the type of 
myocardial infarction. The result was probably due to 
the small sample size and further research with a 
larger population of subjects might be required to 
prove it. To understand if PCI was capable of reduc-
ing rates of malignant cardiac arrhythmia, LVSD, and 
mortality in patients with positive fQRS, the experi-
mental results showed no difference in the number of 

malignant cardiac arrhythmia between the groups 
with and without PCI treatment (p=0.209). As for the 
LVSD and mortality, the p-values between the pa-
tients with and without PCI were 0.031 and 0.000, 
respectively. There were many reports using fQRS as 
an index to detect various cardiac structural abnor-
malities such as the arrhythmogenic right ventricular 
dysplasia (ARVD) (Peters et al., 2008; Das and El 
Masry, 2010; Zhou et al., 2011). And, many re-
searchers have already proven a strong correlation 
between fQRS and malignant cardiac arrhythmia 
(Morita et al., 2008; Sha et al., 2011). In the study, 
results suggested that the incidence rate of malignant 
cardiac arrhythmia in the positive fQRS group was 
not related to revascularization (Erdoğan et al., 2012). 
It was postulated that the sample size with malignant 
cardiac arrhythmia was too small and further inves-
tigation with more subjects might be required. For 
patients with positive fQRS, early revascularization 
treatment can greatly reduce the incidence rates of 
LVSD and mortality. Liu et al. (2010) studied the 
effect of revascularization treatment at different pe-
riods for AMI patients and pointed out that early 
therapy could indeed reduce the fQRS rate and even 
improve the LVEF for patients. Therefore, by iden-
tifying fQRS, it can guide physicians in prescribing 
early revascularization treatment for patients and can 
improve their life quality, as well as the survival rate 
of AMI.  
 
 

5  Conclusions 
 

In summary, fQRS plays an important role in 
cardiovascular disease. To demonstrate the relation 
between fQRS and short-term prognosis of patients 
with AMI, we compared malignant cardiac arrhyth-
mia, LVSD, and mortality rates between STEMI and 
NSTEMI patients. Early revascularization in patients 
with positive fQRS could lower the incidence of the 
cardiovascular events. Further studies are needed to 
clarify these interrelations. 
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中文概要： 
 
本文题目：碎裂 QRS 波对急性心肌梗死患者的短期预后评估 

Correlation between fragmented QRS and the short-term prognosis of patients with acute 
myocardial infarction 

研究目的：探讨碎裂 QRS 波对急性心肌梗死患者的短期预后评估的价值，及其对 ST 段抬高和非 ST 段

抬高型心肌梗死（STEMI 和 NSTEMI）患者不同的预测价值。 

创新要点：证实了碎裂 QRS 波对急性心肌梗死尤其是 ST 段抬高型心肌梗死的短期预后价值，对早期再

灌注治疗有指导意义。 

研究方法： 通过对碎裂 QRS 波发生及持续时间的详细记录（见图 1、2），评价出现碎裂 QRS 波的 STEMI

及 NSTEMI 患者住院期间发生恶性心律失常、泵功能衰竭及住院死亡的风险（见图 3；

表 3–5），并观察早期经皮冠状动脉介入治疗（PCI）对预后的不同影响（见表 6）。 

重要结论：1. 急性心肌梗死（尤其是 STEMI）患者心电图出现碎裂 QRS 波短期内易发生恶性心律失常、

左心室功能不全及死亡；2. 对出现碎裂 QRS 波的急性心肌梗死患者，早期 PCI 再灌注治疗

可改善患者短期预后。 

关键词组：碎裂 QRS 波；急性心肌梗死；短期预后 


