30

Journal of Hainan Medical University 2017; 23(21): 30-33

Journal of Hainan Medical University
http://www.hnykdxxb.com

Correlation of QRS complex after percutaneous coronary
intervention with myocardial ischemia reperfusion injury and
apoptosis molecule contents
Ming-Min Jiang
Department of Cardiology, Nanchong Central Hospital, the Second Clinical Medical College of North Sichuan Medical College in Sichuan Province,
Nanchong City, Sichuan Province, 637000

ARTICLE INFO

ABSTRACT

Article history:
Received 25 Oct 2017
Received in revised form 28 Oct 2017
Accepted 2 Nov 2017
Available online 14 Nov 2017

Objective: To study the correlation of QRS complex after percutaneous coronary intervention
(PCI) with myocardial ischemia reperfusion injury and apoptosis molecule contents. Methods:
Patients with non-ST-segment elevation myocardial infarction who were treated in Nanchong
Central Hospital between June 2014 and August 2016 were selected and divided into the PCI
group who received emergency PCI surgery and the control group who accepted selective PCI
or refused emergency PCI after the medical data were retrospectively analyzed. The fQRS
as well as the contents of ischemia reperfusion injury indexes and apoptosis molecules was
determined after 1 week of treatment. Results: The incidence of fQRS in PCI group was
significantly lower than that in control group; serum MDA, cTnI, H-FABP, sTWEAK, sFas,
sTRAIL and Caspase-3 contents as well as peripheral blood Nrf-2 and HO-1 expression of PCI
group were greatly lower than those of control group; serum MDA, cTnI, H-FABP, sTWEAK,
sFas, sTRAIL and Caspase-3 contents as well as peripheral blood Nrf-2 and HO-1 expression
of PCI group of patients with fQRS complex (+) were greatly higher than those of patients
with fQRS complex (-). Conclusion: The occurrence of fQRS after PCI is closely related to
myocardial ischemia reperfusion injury and apoptosis.
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1. Introduction

prediction of the occurrence risk of adverse cardiovascular events
and implementation of intervention can effectively improve disease

Percutaneous coronary intervention (PCI) is an effective

outcomes. Fragmented QRS complex is the new ECG examination

method for clinical treatment of acute coronary syndrome, and

index developed in recent years, which has early prediction value

early reascularization of infracted coronary artery can make

for a variety of cardiovascular events[3,4]. The correlation of fQRS

the myocardium obtain blood reperfusion in time and relieve

complex after PCI with myocardial ischemia reperfusion injury

myocardial injury [1,2]. In the process of blood reperfusion in

and apoptosis molecule contents was specifically analyzed in the

ischemic myocardium, different degrees of ischemia-reperfusion

following studies.

injury will occur, and the oxidative stress and apoptosis caused by
excessive oxygen free radical production are closely associated with
ischemia-reperfusion injury. The ischemia-reperfusion injury after

2. Case information and research methods

PCI can increase the sudden cardiac death, recurring myocardial

2.1 General case information

Corresponding author: Ming-Min Jiang, Department of Cardiology, Nanchong
Central Hospital, the Second Clinical Medical College of North Sichuan Medical
College in Sichuan Province, Nanchong City, Sichuan Province, 637000.
Fund Project: Projects of Health and Family Planning Commission of Sichuan
Province in 2016 No: 16PJ199.

Patients with non-ST-segment elevation myocardial infarction who
were treated in Nanchong Central Hospital between June 2014 and
August 2016 were selected as the research subjects, and all patients
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had clinical symptoms of myocardial infarction after admission, were
with increased myocardial biochemical markers and ST-T change or

2.4 Statistical methods

pathologic Q wave detected by electrocardiogram, and conformed to
the diagnosis of myocardial infarction. A total of 109 patients were

SPSS 20.0 software was used for the t test of the differences in

enrolled and divided into the PCI group who received emergency

measurement data and the chi-square test of the differences in count

PCI surgery and the control group who accepted selective PCI or

data between two groups, and P＜0.05 meant statistical significance

refused emergency PCI after the medical data were retrospectively

in differences in test results.

analyzed. There were 64 cases in PCI group, including 39 male cases
and 25 female cases that were 43-65 years old; there were 45 cases
in control group, including 25 male cases and 20 female cases that

3. Results

were 40-62 years old. There was no significant difference in general

3.1 The incidence of fQRS complex

information between the two groups of patients.

2.2 fQRS complex evaluation after PCI

There were 17 cases in PCI group who showed fQRS complex
1 week after operation and the incidence of fQRS complex was

PCI group received electrocardiogram examination 1 week after

26.56%; there were 28 cases in control group who showed fQRS

operation, control group received electrocardiogram examination

complex 1 week after operation and the incidence of fQRS complex

1 week after hospitalized, and the fQRS complex was judged

was 62.22%. After chi-square test, the incidence of fQRS complex

according to the results of electrocardiogram: (1) those with QRS

in PCI group was significantly lower than that in control group.

complex duration < 120 ms, QRS complex showed triphasic wave or

The differences in the incidence of fQRS complex were statistically

polyphasic wave, and typical cases showed RSR' type; (2) those with

significant between the two groups (P<0.05).

QRS complex duration > 120 ms, two or more adjacent lead R wave

3.2 Ischemia reperfusion injury index contents in serum
and peripheral blood as well as their correlation with fQRS
complex

or S wave showed more than two incisurae.

2.3 Serum and peripheral blood index detection
The peripheral blood was collected from PCI group 1 week after

Analysis of serum MDA (μmol/L), cTnI and H-FABP contents

operation, the peripheral blood was collected from control group 1

as well as peripheral blood Nrf-2 and HO-1 expression intensity

week after hospitalized, and the blood was divided into two parts.

between two groups of patients was as follows: serum MDA, cTnI

One part of peripheral blood was centrifuged to separate serum,

and H-FABP contents as well as peripheral blood Nrf-2 and HO-1

and enzyme-linked immunosorbent assay was used to determine

expression of PCI group were greatly lower than those of control

the contents of MDA, cTnI, H-FABP, sTWEAK, sFas, sTRAIL

group. Analysis of the correlation between fQRS complex and

and Caspase-3; the other part of peripheral blood was added in the

ischemia reperfusion injury indexes in PCI group was as follows:

Ficoll separating medium and centrifuged to get the peripheral blood

serum MDA, cTnI and H-FABP contents as well as peripheral blood

mononuclear cells, the antibody of Nrf-2 and HO-1 were incubated,

Nrf-2 and HO-1 expression of PCI group of patients with fQRS

and then the expression intensity was determined on the flow

complex (+) were greatly higher than those of patients with fQRS

cytometer.

complex (-).

Table 1.
Ischemia reperfusion injury index contents in serum and peripheral blood of two groups of patients.
Groups
PCI group
Control group
t
P

n
64
45

MDA
7.98±0.93
15.18±2.03
12.109
＜0.05

cTnI
1.28±0.20
2.43±0.36
9.284
＜0.05

H-FABP
29.38±4.25
47.12±5.58
9.119
＜0.05

Nrf-2
1.02±0.15
1.86±0.25
8.689
＜0.05

HO-1
1.45±0.17
2.83±0.36
9.958
＜0.05

Nrf-2
1.77±0.23
0.52±0.08
19.985
＜0.05

HO-1
2.29±0.34
0.84±0.11
13.586
＜0.05

Table 2.
Relationship of ischemia reperfusion injury index contents in serum and peripheral blood with fQRS in PCI group.
fQRS complex
fQRS complex (+)
fQRS complex (-)
t
P

n
17
47

MDA
14.59±2.32
3.46±0.52
34.592
＜0.05

cTnI
2.19±0.32
0.55±0.08
27.361
＜0.05

H-FABP
40.58±6.58
22.31±3.29
8.595
＜0.05
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in myocardial infarction patients showed that the incidence of fQRS

3.3 Serum apoptosis molecule contents and their correlation
with fQRS complex

complex in PCI group was significantly lower than that in control
group. This means that the emergency PCI therapy can reduce
the incidence of fQRS complex. It also indicates that the fQRS

Analysis of serum apoptosis molecules sTWEAK (μg/mL), sFas

complex is closely related to myocardial ischemia hypoxia injury,

(pg/mL), sTRAIL (pg/mL) and Caspase-3 (pg/mL) contents between

and implementing early PCI to make the myocardium obtain blood

two groups of patients was as follows: serum sTWEAK, sFas,

reperfusion can alleviate myocardial ischemia reperfusion injury and

sTRAIL and Caspase-3 contents of PCI group were greatly lower

reduce the incidence of fQRS complex.

than those of control group. Analysis of the correlation between

Emergency PCI can make the myocardium obtain the blood

fQRS complex and apoptosis molecules in PCI group was as

reperfusion as soon as possible and reduce the damage caused

follows: serum sTWEAK, sFas, sTRAIL and Caspase-3 contents of

by ischemia hypoxia. In the process of myocardial cell damage,

PCI group of patients with fQRS complex (+) were greatly higher

the cTnI, H-FABP and other molecules in cells will be released

than those of patients with fQRS complex (-).

into the blood circulation and become the makers to reflect the

Table 3.

degree of myocardial injury; cTnI is the troponin involved in the

Serum apoptosis molecule contents of two groups of patients.
Groups
PCI group
Control group
t
P

n
64
45

sTWEAK
sFas
sTRAIL Caspase-3
1.15±0.16 10.31±1.48 574.8±74.8 37.68±5.96
1.77±0.20 17.68±2.32 792.1±93.5 71.25±8.95
7.598
8.271
7.214
9.595
＜0.05
＜0.05
＜0.05
＜0.05

protein that participates in the oxidative energy supply of fatty
acids[10,11]. At the same time, ischemia hypoxia can also increase
the generation of oxygen free radicals, which can on the one hand,

cause lipid peroxidation and produce MDA[12,13], and on the other

hand, activate the antioxidant pathway Nrf-2 and increase the HO-1

Table 4.
Relationship between apoptosis molecule contents in serum and fQRS in PCI

expression[14,15]. In the study, analysis of the changes in above
myocardial injury index contents showed that serum MDA, cTnI

group.
fQRS complex
n
fQRS complex (+) 17
fQRS complex (-) 47
t
P

regulation of cell contraction, and H-FABP is a fatty acid binding

sTWEAK
sFas
sTRAIL Caspase-3
1.92±0.25 18.03±2.42 835.6±92.4 67.22±8.69
0.51±0.07 6.84±0.92 306.9±46.8 20.31±3.95
20.398
17.393
13.586
24.502
＜0.05
＜0.05
＜0.05
＜0.05

and H-FABP contents as well as peripheral blood Nrf-2 and HO-1
expression of PCI group were greatly lower than those of control
group. The emergency PCI can make the ischemic myocardium
obtain blood perfusion in time, but under the influence of ischemiareperfusion injury, there is still certain occurrence risk of recurring
myocardial infarction, sudden cardiac death and other adverse

4. Discussion

cardiovascular events in the process of reperfusion. In the process
of myocardial ischemia reperfusion injury, early prediction of the

fQRS complex is specifically referring that two adjacent or

risk of myocardial injury and adverse cardiovascular events can

more than two leads show different forms of QRS triphasic wave

help early intervention and improve prognosis. In order to define

or polyphasic wave [5] . In recent years, the physiopathologic

the prediction value of fQRS complex for ischemia-reperfusion

mechanisms of qQRS complex production include [6,7]: (1) the

injury after PCI, the correlation between fQRS complex and above

myocardial cells survived like island in myocardial infarction area

myocardial injury indexes was specifically analyzed in the study,

will be delayed in polarization, which is manifested as incisure

and the results showed that serum MDA, cTnI and H-FABP contents

or abortion in electrocardiogram, and results in fQRS complex

as well as peripheral blood Nrf-2 and HO-1 expression of PCI group

production; (2) myocardial infarction area cannot be depolarized

of patients with fQRS complex (+) were greatly higher than those of

in the order from endocardium to epicardium, but is depolarized in

patients with fQRS complex (-). This indicates that the production of

the tangent or slant around the infarction area in the circuitous path,

fQRS complex is closely related to myocardial ischemia reperfusion

which can cause fQRS complex; (3) after scar repair in myocardial

injury, and the determination of fQRS complex has prediction value

infarction area, the depolarization of myocardial cells in the scar site

for the occurrence of myocardial ischemia reperfusion injury after

is slow and uneven, which further results in fQRS complex. In recent

PCI.

years, the value of fQRS complex to predict malignant arrhythmia,

During myocardial infarction, ischemia hypoxia can not only

sudden cardiac death, cardiac arrhythmias and other adverse

increase the generation of oxygen free radicals and cause oxidative

cardiovascular events has received more and more attention[8,9],

stress damage to cells, but also activate the cell apoptosis. sTWEAK

but it is not clear about the relationship between the fQRS complex

and sTRAIL are two members of the tumor necrosis factor

and myocardial injury in patients with myocardial infarction. In the

superfamily, which can be combined with membrane receptor

study, analysis of the occurrence of fQRS complex after treatment

to enhance the activity of various caspase molecules and induce
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apoptosis[16]; sFas is the regulatory molecule of death receptor

Med 2017; 13(6): 3231-3238.
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apoptosis pathway, which can be combined with ligand FasL to

[5] E l-Dosouky II, Abomandour HG. Fragmented QRS complex as a

activate caspase-8 and then activate the caspase cascade activation

predictor of coronary artery disease in patients with acute coronary

response[17,18]. Caspase-3 is the co-action molecule of various

syndrome (A study from Egypt). Indian Heart J 2017; 69(2): 289-290.

apoptotic regulation pathways, which can catalyze the fracture

[6] K
 urtul A, Duran M. Fragmented QRS complex predicts contrast-induced

process of DNA double strand, and thus directly cause apoptosis

nephropathy and in-hospital mortality after primary percutaneous

of cells. In the study, analysis of the changes in above apoptosis

coronary intervention in patients with ST-segment elevation myocardial

molecule contents showed that serum sTWEAK, sFas, sTRAIL and

infarction. Clin Cardiol 2017; 40(4): 235-242.

Caspase-3 contents of PCI group were greatly lower than those of

[7] Haukilahti MA, Eranti A, Kentta T, Huikuri HV. QRS fragmentation

control group. This indicates that emergency PCI therapy can inhibit

patterns representing myocardial scar need to be separated from benign

the apoptosis of myocardial cells on the basis of early recovering

normal variants: hypotheses and proposal for morphology based

myocardial cell perfusion. The incidence of recurring myocardial

classification. Front Physiol 2016; 26(7): 653.

infarction, sudden cardiac death and other adverse cardiovascular

[8] M
 a L, Ma S, Lv J, Zhang Y, Liu Z, Bu P, et al. Fragmented QRS complex

events after PCI is closely related to the excessive apoptosis of

on ECG is associated with ventricular arrhythmias in patients with a prior

myocardial cells, and early determining the myocardial cell apoptosis

myocardial infarction. Acta Cardiol 2016; 71(6): 671-677.

after PCI can help predict the risk of adverse cardiovascular events.

[9] Bokma JP, Winter MM, Vehmeijer JT, Vliegen HW, van Dijk AP, van

As mentioned earlier, fQRS complex has predictive value for the

Melle JP, et al. QRS fragmentation is superior to QRS duration in

occurrence of myocardial ischemia-reperfusion injury after PCI, and
in order to further clarify the predictive value of fQRS complex for

predicting mortality in adults with tetralogy of Fallot. Heart 2017; 103(9):
666-671.

myocardial cell apoptosis after PCI, the correlation between fQRS

[10]Hamza M, Demerdash S, Ibrahim M. Heart-type fatty acid-binding

complex and above apoptosis molecules was specifically analyzed,

protein as a diagnostic biochemical marker for early detection

and the results showed that serum sTWEAK, sFas, sTRAIL and
Caspase-3 contents of PCI group of patients with fQRS complex (+)
were greatly higher than those of patients with fQRS complex (-).
This indicates that the production of fQRS complex is closely related
to myocardial ischemia reperfusion injury, and the determination of
fQRS complex has prediction value for the occurrence of myocardial
ischemia reperfusion injury after PCI.
To sum up, it can be concluded that the occurrence of fQRS
complex after PCI can predict myocardial ischemia reperfusion
injury and apoptosis.

of myocardial infarction. Acta Cardiol 2016; 71(5): 537-541.
[11]Pyati AK, Devaranavadagi BB, Sajjannar SL, Nikam SV, Shannawaz
M, Patil S. Heart-type fatty acid-binding protein, in early detection of
acute myocardial infarction: comparison with ck-mb, troponin i and
myoglobin. Indian J Clin Biochem 2016; 31(4): 439-445.
[12]M adole MB, Bachewar NP, Aiyar CM. Study of oxidants and
antioxidants in patients of acute myocardial infarction. Adv Biomed Res
2015; 29(4): 241.
[13]Walters JW, Amos D, Ray K, Santanam N. Mitochondrial redox status as
a target for cardiovascular disease. Curr Opin Pharmacol 2016; 27: 50-55.
[14]Strom J, Chen QM. Loss of Nrf2 promotes rapid progression to heart
failure following myocardial infarction. Toxicol Appl Pharmacol 2017;

References
[1] Sanchis-Gomar F, Perez-Quilis C, Leischik R, Lucia A. Epidemiology
of coronary heart disease and acute coronary syndrome. Ann Transl Med
2016; 4(13): 256.
[2] S
 chulman-Marcus J, Shah T, Swaminathan RV, Feldman DN, Wong SC,
Singh HS, et al. Comparison of recent trends in patients with and without
major depression and acute st-elevation myocardial infarction. Am J
Cardiol 2016; 118(6): 779-784.
[3] Eyuboglu M, Karabag Y, Karakoyun S, Senarslan O, Tanriverdi Z,
Akdeniz B. Usefulness of fragmented QRS in hypertensive patients in
the absence of left ventricular hypertrophy. J Clin Hypertens 2017; 19(9):
861-865.
[4] Zhang R, Chen S, Zhao Q, Sun M, Yu B, Hou J. Fragmented QRS
complex is a prognostic marker of microvascular reperfusion and changes
in LV function occur in patients with ST elevation myocardial infarction
who underwent primary percutaneous coronary intervention. Exp Ther

15(327): 52-58.
[15]Bubb KJ, Kok C, Tang O, Rasko NB, Birgisdottir AB, Hansen T, et al.
The NRF2 activator DH404 attenuates adverse ventricular remodeling
post-myocardial infarction by modifying redox signalling. Free Radic
Biol Med 2017; 108: 585-594.
[16]Yang B, Yan P, Gong H, Zuo L, Shi Y, Guo J, et al. TWEAK protects
cardiomyocyte against apoptosis in a PI3K/AKT pathway dependent
manner. Am J Transl Res 2016; 8(9): 3848-3860.
[17]Stanely Mainzen Prince P, Dhanasekar K, Rajakumar S. Vanillic acid
prevents altered ion pumps, ions, inhibits Fas-receptor and caspase
mediated apoptosis-signaling pathway and cardiomyocyte death
in myocardial infarcted rats. Chem Biol Interact 2015; 5(232): 68-76.
[18]Zhang H, Wei T, Jiang X, Li Z, Cui H, Pan J, et al. PEDF and 34-mer
inhibit angiogenesis in the heart by inducing tip cells apoptosis via upregulating PPAR-γ to increase surface FasL. Apoptosis 2016; 21(1): 6068.

