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INTRODUCTION

Although deaths associated with cardiovascular
disease (CVD) have been promisingly decreasing,
it is still the most common cause of all deaths in
middle-income countries of Europe.!'?

Coronary artery disease (CAD) can present with both
an acute outcome and a chronic course. Recent studies
showed that inflammatory processes are vigorously
getting intricated into CAD pathology. Atherosclerosis
should not be seen as a mere cholesterol-storage
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disease. Atherosclerosis is an active and perpetual
disease fed by inflammatory processes. The breakdown
of atherosclerotic plaque and causing acute coronary
syndrome (ACS) is not related to the size or hardness of
the plaque, but rather to the severity of the inflammatory
process and its effect on the plaque.”

It has also been wondered whether fragmented
QRS (fQRS) has any significant meaning for CAD,
which has such a complex pathological process. f{QRS
is declared to be indicative of prognosis in ACS and
ST-elevation myocardial infarction (STEMI).[*® f{QRS on
anterior leads is detected to result in a greater incidence
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of multivessel CAD.[" In another study, while f{QRS is found
to be more frequent on inferior leads out of three, anterior,
inferior, and lateral, f{QRS on lateral is detected to present a
more pronounced risk for all-cause mortality.® The clinical
importance of f{QRS is also endeavored to get revealed using
a series of studies that evaluate CVD and cardiomyopathies
or certain diseases originating from other systems apart
from the cardiovascular system, such as obstructive sleep
apnea, cirrhosis, and renal diseases.?!*!

Aim

Our aim in our study is to determine whether there is
a significant difference in the demographic and clinical
characteristics of STEMI patients who have undergone
percutaneous coronary intervention (PCI) and the frequency
of inhospital adverse events in relation to the presence or
absence of fQRS, and to ascertain the possible association
of thrombolysis in myocardial infarction (TIMI) and Global
Registry of Acute Coronary Events (GRACE) scores and
certain parameters with increased likelihood of developing
major adverse cardiac events in the entire patient group.

MATERIALS AND METHODS

This study was designed retrospectively and single
centered in the Cardiology Department of Adiyaman
University Training and Research Hospital. Data from
500 patients obtained who applied to the emergency
service or cardiology outpatient clinic and were diagnosed
with STEMI, undergone medical care in the coronary
intensive care unit following PCI, between January 01,
2017 and December 31, 2019. The study was initiated with
the approval of the local ethical committee dated May 21,
2019 and numbered 2019/4-2. The study was carried out in
accordance with the Declaration of Helsinki.

We calculated a total sample size of 210 with an alpha
error of 5% and a power of 95. TIMI and the GRACE
scores were assessed to determine the short- and
middle-term risks related to those patients. Transthoracic
echocardiography results were obtained from the
automation network. Patients with pregnancy, malignancy,
chronic inflammatory diseases, connective tissue
disorders, systemic infection findings in the last 48 h before
diagnosis, active liver disease or cirrhosis and multi-organ
dysfunction were excluded from the study. Archive and
electrocardiogram (ECG) recordings belongs to the first
admission were analyzed.

According to fourth universal definition of myocardial
infarction (MI), a new ST elevation at the | point of
two contiguous leads other than V2 and V3, at least as
being 21 mV, (>0.2 mV in over 40-year-old men, >0.25 mV
in below 40-year-old men and >1.5 mV in women all age
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groups, for V2 and V3 leads) and troponin I values above
0.025ng/mL are accepted as diagnostic criteria of STEMILM!

fQRS is defined as the existence of an RSR’
pattern (QRS <120 ms) or an additional R (R”) or a notched
S wave in a coronary artery territory of ECG, provided that
these should be in the absence of complete or partial bundle
branch block.”!l As for RSR’ pattern, it means an extra R
wave or a notched S wave. Lastly, to diagnose a fQRS, the
presence of those morphological changes at least in two
contagious derivations of ECG recording are required.
Accordingly, morphological changes in two contagious
anterior (V1-V5) leads correspond to the anterior or left
anterior descending territory, those in two contagious
lateral (D1, aVL, V6) leads correspond to the lateral or left
circumflex territory, and those in two contagious inferior
(D1, D2, aVF) leads correspond to the inferior or right
coronary arter territory.

Customary techniques were followed for all PCI processes.
Serum electrolytes, plasma glucose, blood urea nitrogen,
creatinine, aspartate aminotransferase, alanine transaminase,
and complete blood count measurements taken at the
time of admission were acquired from the automation
system. To go into detail, hemoglobin (Hgb), hematocrit,
lymphocyte ratio, white blood cell (WBC), neutrophil,
absolute neutrophil, absolute lymphocyte, and thrombocyte
counts were listed. Major adverse cardiac events (MACE),
inhospital death, nonfatal MI (NFMI), stent thrombosis,
inhospital arrhythmias such as ventricular tachycardia (VT)
and ventricular fibrillation (VF), cardiogenic shock, and
cardiopulmonary arrest cases were revealed by debriefing
patient folders. MACE was defined as a sum of overall
cardiovascular deaths because of M, stroke, hospitalization
due to heart failure, and revascularization yet including PCI
or coronary artery bypass graft.

The data were analyzed using the IBM SPSS Statistics®
version 24 (IBM Corp, Armonk, NY, USA) statistical
program. Whether the data were normally distributed or
not was sorted out with the Kolmogorov-Smirnov test.
Continuous variables, may be normally or nonnormally
distributed, were portrayed as mean * standard deviation
and, whereas categorical variables were in percentile (%).
Student’s t-test was used for comparison of normally
distributed variables and Mann-Whitney U-test was
used when they were seen to be nonnormally distributed.
How many independent variables predict MACE in the
entire patient group were revealed by using multivariate
logistic regression analysis. The data in P < 0.20 range in
univariate regression analysis were included in multivariate
logistic regression analysis. Independent predictors were
determined. P <0.05 was accepted as statistically significant.
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RESULTS

Patients separated into two groups, as being fQRS (-)
ones in group 1 and fQRS (+) ones in group 2. There
were 207 patients in group 1, whereas 293 patients
were in group 2. While the mean age of group 1 was
61.1 £ 12.1, the mean age of group 2 was 66.7 + 10.6, and
there was a significant difference (P < 0.001). The male
ratio was significantly higher in group 2 (n =161, n =183,
P <0.001). Among the risk factors, diabetes mellitus (DM),
smoking, hypertension (HT), and hyperlipidemia (HL)
were more common in group 2 (P < 0.001). Pulmonary
arterial HT was more prevalent in group 2, too (P < 0.01).
Previous PCI history for both the patient himself
and family was also significantly more frequent in
group 2 (P < 0.001). Both TIMI and GRACE scores were
higher in group 2 (P <0.01). Chronic obstructive pulmonary
disease was comparably common in both groups (P> 0.05).
The groups were also comparable with regard to previous
stroke history (P > 0.05). In addition, body mass index,
left ventricular ejection fraction (LVEF), plasma glucose,
creatinine, creatinine clearance, total cholesterol (TC),
triglyceride (TG), high-density lipoprotein, low-density
lipoprotein, Hgb and platelet count did not markedly
differ between groups (P > 0.05). WBC and neutrophil/
lymphocyte ratio (NLR) were found to be significantly
higher in group 2 (P < 0.001). In fQRS (+) group,
lymphocyte count is significantly lower and neutrophil
is higher (P =0.012 and P = 0.008, respectively) [Table 1].

MACE, inhospital death and VT ratios were also markedly
higher in group 2 (P < 0.001). NFMI, cardiogenic shock,
and cardiopulmonary arrest were also significantly higher
in group 2 (P = 0.009, P = 0.012, P = 0.033, respectively).
Stent thrombosis, slow flow myocardial perfusion,
no reflow, and inhospital VF did not differ between
groups (P> 0.05) [Table 2]. In multivariate logistic analysis,
TIMI scores above 2 and GRACE scores above 109 were
determined as independent predictors of MACE in
the entire STEMI patients (Odds ratio [OR]: 2.022; 95%
confidence interval [CI]; 1.321-3.424, P = 0.003; OR: 1.712;
95% CI: 1.156-2.804, P = 0.008) [Table 3].

DISCUSSION

The results of the study, which compares STEMI patient
groups defined as fQRS (-) and fQRS (+) according to the
ECG recordings, indicated that (1) Demographic and clinical
characteristics of fQRS (+) patients is differed from fQRS (-)
ones [Table 1]; (2) Co—morbidities and risk factors were
found to be more prevalent in fQRS (+) group; (3) Previous
PCI history was more common, TIMI and GRACE scores
were higher, MACE, inhospital death and VT were more
frequent in fQRS (+) group; (4) Neutrophil, NLR, and WBC
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Table 1: Demographic and clinical characteristics of
patients with ST segment elevation

Characteristics Group 1 Group 2 P

(n=207) (n=293)

fQRS (-) fQRS (+)
Mean age, mean+SD 61.1£12.1 66.7+10.6  <0.001
Gender, male, n (%) 161 (77.8) 183 (62.5) <0.001
DM, n (%) 12 (5) 25 (8) <0.001
Smoking, n (%) 70 (33.0) 113 (38.5) <0.001
HT, n (%) 63 (30) 75 (25.5) <0.001
HL, n (%) 13 (6) 37 (12) <0.001
COPD, n (%) 16 (7) 19 (6) 0.354
PAH, n (%) 22 (10) 31 (10) 0.008
Previous PCl, n (%) 72 (34.7) 83 (28.3) <0.001
Stroke history, n (%) 16 (7) 20 (6) 0.089
Family history of PCI, n (%) 40 (19.3) 66 (22.5) <0.001
BMI (kg/m?) 25.6+3.8 26.0+4.0 0.234
TIMI score 2.9+1.4 3.7£1.0 0.002
GRACE score 103.6£22.1 122.6x24.3 0.008
LVEF (%)* 58.4+3.4 57.9+3.2 0.053

Glucose (mg/dL)

Creatinine (mg/dL)

Creatinine clearance (mL/min)
Total cholesterol (mg/dL)
Triglyceride (mg/dL)

118.4£58.6 119.0+57.9 0.817
0.84+0.1 0.81£0.2 0.173
99.1£56.6  107.2#47.9 0.170
175.1£39.3 179.4+40.9 0.134
138.6£33.7 142.9+25.8 0.351

HDL (mg/dL) 32.848.6 31.4+8.3 0.678
LDL (mg/dL) 118.7+£10.1 120.6x18.5 0.498
WBC (10=xplL) 9.3+1.6 14.9+1.8  <0.001
Neutrophil (10=xplL) 7.6%2.8 11.9+3.4 0.008
Lymphocyte (10>xul) 2.0£0.5 1.2+#0.3 0.012
Neutrophil /lymphocyte ratio 6.4£0.6 7.5+1.5 <0.001
Hgb (g/dL) 14.5+0.9 13.5+1.8 0.342

Platelet (10>xplL) 229.8+61.0 231.9%65.4 0.895

*LVEF values of groups were compared after 1-year percutaneous coronary
intervention and patients who developed MACE, nonfatal Ml, in—hospital VF
and VT, cardiogenic shock, and cardiopulmonary arrest or died in the 1 year
follow-up time were excluded from this comparison (n=165 in group 1 and n=139 in
group 2). BMI=Body mass index; DM=Diabetes mellitus; GRACE=Global registry
of acute coronary events; HT=Hypertension; HDL=High-density lipoprotein;
HL=Hyperlipidemia; LDL=Low -density lipoprotein; LVEF=Left ventricular ejection
fraction; COPD=Chronic obstructive pulmonary disease; PAH= Pulmonary arterial
hypertension; PClI=Percutaneous coronary intervention; TIMI=Thrombolysis in
myocardial infarction; SD=Standard deviation; Hgb=Hemoglobin; fQRS=Fragmented
QRS; PAH=Pulmonary arterial hypertension; WBC=White blood cell; VT=Ventricular
tachycardia; VF=Ventricular fibrillation; MI=Myocardial infarction; MACE=Major
adverse cardiac events

were higher and lymphocyte was lower in fQRS (+) group;
and (5) TIMI (>2) and GRACE (>109) scores were discovered
to be independent determinants of MACE in all STEMI
patients group.

Mass of studies are in literature declaring a possible relation
between fQRS and CVD. Morrow et al. revealed that the
existence of fQRS is an autonomous predictor of mortality
depended upon CVD and hospitalization due to heart
failure in post-MI period, in which study 158 MI patients
are followed up for 50 months.!"? Another study, conducted
by Das et al., proposes that the existence of fQRS implies
regional deteriorations in myocardial perfusion, and even
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maps the fibrotic areas, better than Q wave abnormalities.!"!
In fact, it is suggested that fQRS (+) finding is an indicator
of poor prognosis in patients with HT and a finding of left
ventricular HT and uncontrolled HT in particular.t'** In
addition, cardiac performance decreases depending on
the size of the infarct area. According to certain studies,
the presence of fQRS is found to be encountered more
frequently in hospitalized ACS patients, and the long—
term mortality due to cardiac events is higher in these
patients.[*!¢'7] Even after an appropriate revascularization
intervention, fQRS (+) is associated with poor outcomes
in patients with AML!"! It is also possible to come across
studies in the literature showing that the presence of fQRS
is an important predictor of the course in STEMI patients.
According to one of those studies, all-cause mortality is
found to be significantly higher in fQRS (+) STEMI patients
who underwent PCI compared to the fQRS () group.!!
As for another study, inhospital mortality and contrast
nephropathy are both more frequent after PCI in fQRS (+)
STEMI patients.?” In addition, according to a meta-analysis
study that included six studies, the mortality rate is found
to be three times higher in STEMI patients in case fQRS
exists.” In our study, the significant differences between
the demographic and clinical characteristics of fQRS (+)

Table 2: Inhospital adverse events and procedural
success in patients with ST-segment elevation
Group 1 (n=207) Group 2 (n=293) P
fQRS (=), n (%) fQRS (+), n (%)

MACE 14 (6) 60 (20) <0.001
In-hospital mortality 1(0) 8 (2) <0.001
Non-fatal Ml 2 (3) 5 (12) 0.009
Stent thrombosis 30 (14) 50 (17) 0.324
Slow flow 18 (8) 40 (13) 0.072
No-reflow 12 (5) 20 (6) 0.256
In-hospital VT 2 (0) 12 (4) <0.001
In-hospital VF 14 (6) 29 (9) 0.116
Cardiogenic shock 4 (1) 19 (6) 0.012
Cardiopulmonary arrest 5(2) 21(7) 0.033

VT=Ventricular tachycardia; VF=Ventricular fibrillation; MACE=Major adverse cardiac
events; fQRS=Fragmented QRS; MI=Myocardial infarction

and (=) STEMI patients who underwent PCI are seemed to
be consistent with and enlarging the literature information.

Because inflammation is a plausible target to prevent and
follow—up the outcomes of atherosclerosis, NLR has been
dwelled on in predicting cardiovascular events. In a recent
study, NLR is found to be vigorously associated with the
risk of all CVDs, M, and ischemic stroke. Higher NLR and
lower lymphocyte monocyte ratio are found to be associated
with MACE.®! In some other studies, a higher NLR is
revealed to be an eloquent biomarker for the prediction of
vulnerability in carotid plaques, stent stenosis, and long—
term MACEs.®*#! Recently, in a study, the association of
NLR and fQRS (+) is so well emphasized. Accordingly, NLR
is declared to be associated with the existence of fQRS (+),
STEMI patients having an NLR above the cut-off value of
5.47 manifest a higher frequency fORS (+) and inhospital
mortality.” In our study, we found out a higher NLR,
higher scores of TIMI and GRACE scores, higher incidence
of MACE, nonfatal M1, inhospital mortality, inhospital VT,
cardiogenic shock, cardiopulmonary arrest in fQRS (+)
group. Besides, we revealed that the risk of developing
MACE increases in STEMI patients with TIMI scores >2, and
with GRACE scores >109. One of meta-analysis indicates
that the TIMI score is more valuable in predicting MACEs
in acute chest pain patients compared to the GRACE
score, as is the case in our study the TIMI score above the
cut-off increases the MACE risk most sharply.!In a study,
TIMI scores are found to be positively correlated with
inflammatory biomarkers such as interleukin (IL-6), IL-18,
and malondialdehyde in unstable angina patients, and
IL-18 in STEMI patients.”! In another study which reveals
the significance of NLR and fQRS existence in predicting
cardiac events, NLR is detected to be higher in hypertrophic
cardiomyopathy (HCM) patients.* Besides, it is declared to
be associated with ventricular arrhythmia and the existence
of fQRS (+) in HCM patients. It has been shown that fQRS (+)
is observed more frequently and neutrophil is detected to be
significantly higher even in individuals who are otherwise
healthy but have a first-degree relative with any CVD.

Table 3: Independent determinants of major adverse cardiac events in patients with ST-elevation myocardial

infarction, logistic regression analysis results

Univariate analysis

Multivariate analysis

Coefficients 95% ClI P OR 95% ClI P
TIMI score (>2) 2.885 1.504-3.362 <0.001 2.022 1.321-3.424 0.003
GRACE score (>109) 1.820 1.006-2.333 0.004 1.712 1.156-2.804 0.008
LVEF 1.112 0.300-1.671 0.745
NLR (>3.5) 1.478 0.970-1.831 0.145
DM 0.762 0.307-1.888 0.557
HT 1.312 0.807-1.921 0.245
COPD 1.238 0.419-3.260 0.700

Variables with P<0.20 in univariate regression were included into the multivariate logistic regression analysis. COPD=Chronic obstructive pulmonary disease; DM=Diabetes
mellitus; GRACE=Global registry of acute coronary events; HT=Hypertension; LVEF=Left ventricular ejection fraction; NLR=Neutrophil/lymphocyte ratio; TIMI=Thrombolysis in

myocardial infarction; Cl=Confidence interval; OR=0dds ratio
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According to one of the previous studies, the existence
of fQRS does not result in a significant difference in
baseline (post-PCI) LVEF of STEMI patients in comparison
to those who do not exhibit fQRS.P However, in that
study, a significantly lower LVEF is observed in fQRS (+)
STEMI patients, at the end of 1-month follow—up. STEMI
patients in that study have a much younger mean age
than those in our study. In our study, we compared LVEF
values recorded in 1 year follow-up examination of STEMI
patients with fQRS or not. Furthermore, we excluded the
patients who developed MACE, nonfatal M], inhospital VF
and VT, cardiogenic shock, and cardiopulmonary arrest
or died in the 1 year follow-up time from groups. fQRS
is already known as a significant predictor of MACE and
long-term mortality."®**! In another study that examines
STEMI patients involving a comparable age group to those
in our study, the post-PCI LVEF is found to be 55.95 + 9.47
in fQRS (-) and 51.3 +11.92 in fQRS (+) groups, respectively,
which indicates a marked difference.’” If we speculate,
whether fQRS persists or not seems to be more important
than whether the patient has fQRS at admission or in the
vicinity of post-PCI course. Indeed, Umapathy et al. already
reported that a significant difference between the LVEF
values of fQRS (+) and (-) groups emerges when patients
are compared by excluding patients in whom fQRS do not
persist, 1 month later.!

Main limitations of the study: (1) The study was a
single-center and cross-sectional, (2) the demographic and
clinical differences between fQRS (+) and (—) STEMI patients
were not detailed by considering subsequent procedures
after first admission, such as coronary angiography or
myocardial perfusion scintigraphy, (3) The changes in
fQRS existence during follow-up, how long it persisted,
and the classification and number of fQRS (+) leads at the
first admission did not be analyzed, (4) The fQRS (+) and (-)
groups were not adjusted according to the age and gender
differences because of aiming to reveal all differences
regarding the characteristics of the patients, which also
could be regarded a remarkable limitation.

CONCLUSION

A markedly higher neutrophil and lymphocyte counts,
NLR, TIMI and GRACE scores, MACE, inhospital mortality,
nonfatal MI, cardiogenic shock, cardiopulmonary arrest,
and in-hospital VT are encountered in fQRS (+) group. TIMI
and GRACE scores are powerful independent determinants
of MACE in STEMI patients. This data suggest that f{QRS (+)
and fQRS (-) patients markedly differ from each other in
terms of certain demographic and clinical features and TIMI
and GRACE scores have a significant predictive value for
MACE in STEMI patients.
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