J Surg Med. 2022;6(7):658-663.
DOI: 10.28982/josam.1013404

Research article

Journal of Surgery and Medicine

e-ISSN: 2602-2079

The relationship between fragmented QRS and mortality in without
reversible defects patients with scintigraphical myocardial infarction

diagnosis

Ahmet Salan !, Ekrem Aksu 2, Sedat Kéroglu , Adem Doganer *

1 Kahramanmaras Sutcu Imam University,
Faculty of Medicine, Department of Nuclear
Medicine, Kahramanmaras, Turkey
2 Kahramanmaras Sutcu Imam University,
Faculty of Medicine, Department of Cardiology,
Kahramanmaras, Turkey
3 Kahramanmaras Necip Fazil City Hospital
Hospital, Department of Cardiology,
Kahramanmaras, Turkey
4 Kahramanmaras Sutcu Imam University,
Faculty of Medicine, Department of Statistics,
Kahramanmaras, Turkey

ORCID ID of the author(s)

AS: 0000-0002-5022-1851
EA: 0000-0003-1939-1008
SK: 0000-0002-5138-0512
AD: 0000-0002-0270-9350

Corresponding Author
Ahmet Salan
Kahramanmaras Sutcu Imam University, Faculty
of Medicine, Department of Nuclear Medicine,
Kahramanmaras, Turkey
E-mail: asalan@hotmail.com

Ethics Committee Approval
This study was approved by Kahramanmaras
Siitgii imam University Clinical Research Ethics
Committee in session 2019-18 with no. 2 on
16.10.2019.

All procedures in this study involving human
participants were performed in accordance with
the 1964 Helsinki Declaration and its later
amendments.

Conflict of Interest
No conflict of interest was declared by the
authors.

Financial Disclosure
The authors declared that this study has received
no financial support.

Published
2022 July 5

Copyright © 2022 The Author(s)
Published by JOSAM
This is an open access article distributed under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivatives License 4.0 (CC
BY-NC-ND 4.0) where it is permissible to download, share, remix,
transform, and buildup the work provided it is properly cited. The work
cannot be used commercially without permission from the journal.

Abstract

Background/Aim: Evidence of increased mortality in perfusion abnormalities on myocardial perfusion
scintigraphy (MPS) can be found. However, electrocardiography (ECG) is a cheaper and more easily
accessible examination than MPS. Fragmented QRS (fQRS) is also considered to be associated with
mortality in some cardiological diseases. The present study aimed to analyze the relationship between
fQRS based on electrocardiography (ECG) and mortality in patients without reversible defects whose fixed
hypoperfusion/perfusion defects were diagnosed and associated with myocardial infarction (MI) based on
myocardial perfusion scintigraphy (MPS).

Methods: Non-ischemic patients (2289 patients) with MI diagnoses based on scintigraphy were selected
based on retrospective scintigraphy reports. The presence of fQRS was investigated in 85 patients whose
12-lead electrocardiographs could be accessed from the hospital archive, and their deaths due to all causes
were questioned from the death information system. The relationship between left ventricular ejection
fraction (LVEF), fQRS, type of exercise, number of leukocytes, other parameters, and mortality rates was
analyzed.

Results: The numbers of living (n = 69) and deceased (n = 16) patients were obtained. They were divided
into two groups: (1) surviving patients (n = 69, number of fQRS positive 42) and (2) deceased (n = 16,
number of fQRS positive 11). No distributional differences were found between mortality rates and fQRS
and demographic features between groups (P = 0.558). However, a statistically significant effect was
observed between mortality rates and low LVEF levels, pharmacological stress, number of leukocytes, and
a low HDL level.

Conclusion: The present study suggests that it may be useful to define benign features of fQRS. LVEF
levels may be a very important parameter in decision-making for pharmacological stress, and its role in
prediction of mortality may be higher than that obtained by fQRS.

Keywords: Myocardial perfusion scintigraphy, Fragmented QRS, Myocardial infarction, Reversible
defects, Mortality rate
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Introduction

A significant correlation can be observed between non-
sporadic fixed perfusion abnormalities and elevated all-cause
mortality rate based on myocardial perfusion scintigraphy
(MPS), which is used in the diagnosis and monitoring of
coronary artery disease [1]. Ischemia and/or infarction
interpretations can be made based on MPS reports by evaluating
fixed perfusion abnormalities together with clinical data and
functional findings. In MPS, fixed hypoperfusion is evaluated in
favor of previous non-transmural Ml and fixed perfusion defects
are evaluated in favor of transmural MI under conditions that
exclude chronic ischemia, whereas reversible defects are
evaluated in favor of ischemia [2]. Myocardial fixed perfusion
abnormalities are not peculiar to ischemic heart disease, and the
distribution of mortality rates in patients with fixed perfusion
abnormalities is heterogeneous. Therefore, diagnosis of patients
with a higher mortality rate via monitoring their fixed
hypoperfusion/perfusion defects based on MPS may contribute
to the reduction of mortality rates. In this respect, new markers,
which can be widely used in the diagnosis of patients with a
higher mortality risk, are needed in present-day medicine. In
recent years, in addition to fQRS, various hematological
parameters have been used in the detection of patients with all-
cause mortality risks [3]. fORS can be defined as additional
notching in the QRS complex and is caused by myocardial
scarring/ischemia- or fibrosis-induced conduction abnormalities
shown on the 12-lead ECG. The fQRS has attracted attention in
the medical community as it offers advantages for predicting
cardiac and all-cause mortality in patients with coronary artery
disease [4-7]. It was reported that the presence of fQRS showed
higher sensitivity in the diagnosis of MPS scars compared to
pathological Q-wave in addition to being a specific marker for
scar tissue [8]. In addition, it was demonstrated that some
hematological markers correlated with both cardiovascular and
elevated all-cause mortality rates [9]. The present study focused
on the relationship between fQRS pattern and some
hematological mortality markers and all-cause mortality rates in
a group of acute non-ischemic patients with findings of MI based
on MPS.

Materials and methods

The present study was conducted retrospectively at a
nuclear medicine unit affiliated with a secondary healthcare
institution between November 1, 2010, and July 31, 2017 based
on MPS reports using a dual-headed E-Cam gamma camera
(Siemens, Erlangen, Germany). These reports were evaluated to
diagnose non-ischemic patients with scintigraphical-based MI (n
= 2289 patients). The exclusion criteria for patients included
several parameters: (1) less than18 years, (2) permanent cardiac
pacemaker, (3) bundle branch block based on ECG records,
and/or (4) lacking a specific ECG record. In addition, patients
whose data could not be retrieved and evaluated accurately
because ECG records were erased due to thermal paper use or
any other reason were also excluded from the present study.

The patients who were hospitalized and yielded a
sufficient amount of data in the hospital archive were selected for
the present study. Among these 85 patients, those with and
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without fQRS pattern based on their respective ECG records
were selected. A positive fQRS pattern was defined as notches in
at least two consecutive leads in the same coronary artery area as
observed on the QRS complex. ECG records were also evaluated
by two experienced cardiologists for final analysis. The deceased
patients and their respective dates of death were retrieved from
Death Information System (OBS) by the Ministry of Health. The
flow chart regarding the selection criteria of the patients included
in the study is in figure 1. The effects of all causes on mortality,
scintigraphic data, fQRS patterns, hematological parameters
(numbers of leukocytes, neutrophils, and lymphocytes,
erythrocyte distribution width [RDW-CW], thrombocyte
distribution width [PDW], mean thrombocyte volume [MPV]),
lipid profiles, and liver transaminase levels were analyzed. MPS
reports were used to obtain data about the date of scintigraphy
scan and various patient-related data, such as age, height, weight,
stress protocol (pharmacological stress test or Bruce protocol),
duration of stress, basal systolic and diastolic blood pressure
levels prior to exercise, basal heart rate, exercise metabolic
equivalent of task (METSs) value, the presence of left ventricular
wall motion abnormality, LVEF levels, dilation of left
ventricular cavity, the presence of transmural and/or non-
transmural myocardial infarction, and lesion localization (apex,
anterior/septum, lateral, inferior, and multiple zone).

Figure 1: Flow chart shows the patient selection process

Retrospectively, November 2010 July 2017 based on
myocardial perfusion scintigraphy reports These
reports were evaluated to diagnose non-ischemic

patients with scint sraphical MI (r=2289 patients).

Exduded pafi ents:

Beingunder 18 years, having a perm anent
cardiac pacemaker, having a bundle branch
blodk inECG records, and lacking a spedific
ECG record, patients whose data could not be
retrieved and evaluated accurately. (ECG
records were erased due to thermal paper use or
army other reasomn) (r=2204)

Total patients withintact ECG records (r=83)
Patients with fQR.S (n=32)
Patients without fQRS (r=33)

{

The deceased patients and their respective date of
deaths were remeved from Death Informafion
System (OBS) by Ministry of Health

Alive (n=69)
Deceased (n=186)

Declaration of ethics

The present study was designed in accordance with the
principles of the Helsinki Declaration and approved by
Kahramanmaras Sutcu Imam University Medical Faculty
Clinical Research Ethics Committee in session 2019-18 with no.
2 0n 10.16.2019.

Statistical analysis

The data normality distribution was analyzed using the
Kolmogorov-Smirnov test for data analysis. For group
comparisons, the independent sample t-test was used to compare
normally distributed variables, while the Mann—Whitney U test
was used for non-normally distributed data. Logistic regression
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analysis was used to identify variables affecting mortality. Cox
regression analysis was performed in order to reveal the
relationship between lifespan and independent variables. Chi-
squares and exact tests were used for distributional differences
for categoric variables. Receiver operating characteristic (ROC)
curves were used to determine mortality cut-off values for left
ventricular ejection fraction (LVEF) levels. The level of
statistical significance was taken as P < 0.05. Statistical
parameters were given in Mean, standard deviation, and median
(range 25%-75%). IBM SPSS Statistics version 22 (IBM SPSS
for Windows version 22, IBM Corporation, Armonk, New York,
United States) software package was used for data analysis.

Results

Eighty five patients included in the present study were
divided into two groups as deceased (n = 16) and alive patients
(n = 69). The living patients were monitored for median (Q1-Q3)
at 59.00 (47.00-70.00) months, whereas the deceased patients
were monitored for median (Q1-Q3) at 35.00 (13.00-50.00)
months. Their demographic features, basal blood pressure/pulse
rate levels, hematological levels, durations of exercise, and a
comparison of MET values and LEVF levels between surviving
and deceased patient groups are given in Table 1. No statistically
significant differences were observed between the groups in
terms of MI type, basal blood pressure and heart rate, and MET
levels in terms of age, sex, body mass index (BMI), and number
of leukocytes (P > 0.05). However, a statistically significant
difference was observed between mortality and pharmacological
exercise, a low LVEF level, the number of leukocytes, and a low
high-density-lipoprotein (HDL) level.

ROC analysis, which aimed to calculate the predictive
power of statistically significant LVEF marker between patient
groups, demonstrated that cut-off values for AUC, sensitivity,
specificity, and P-value were 0.720, 0.889, 0.562, and 0.006,
respectively (Figure 2). In addition, the positive and negative
predictive values (PPV and NPV, respectively) and accuracy for
LVEF were calculated as 58.8%, 91.2%, and 84.7%,
respectively.

The surviving and deceased patients were compared in
terms of sex, stress protocol, left ventricular wall motion,
transmural  and/non-transmural MI, dilation of cavity,
localization of perfusion abnormality based on MPS, and
presence of fQRS. It was found that only the type of stress was
significantly different among these two groups (Table 2).

Figure 2: The calculation of cut-off values for mortality rates in LVEF levels
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Table 1: Demographic, examination and laboratory data of the patients
Deceased Alive P-
value
Age (Years) mean (SD) | 65.19 (1.13) 62.94 (11.04) 0.474
Weight (Kilogram) mean (SD) |81.5(14.30 83.50 (14.38) 0.631
Height (Centimeter) mean (SD) |161.69 (8.28) 163.4 (10.07) 0.468
Duration of stress mean (SD) | 443.00 (52.33) 465.00 (107.45) 0.661
(secs)
Basal systolic blood ~ median (Q1- |125.00(115.00- 130.00 (110.00— 0.598
pressure (mmHg) Q3) 150.00) 130.00)
Basal diastolic blood median (Q1- |80.00(70.00-90.00) 80.00 (70.00-80.00) 0.169
pressure (mmHg) Q3)
Basal heart rate mean (SD) | 86.375 (22.665) 81.478 (15.182) 0.421
(beats per minute)
METs value mean (SD) |9.150 (1.48) 9.142 (2.12) 0.995
LVEF (%) median (Q1- | 35.00 (28.50-50.50) 53.00 (45.00-59.00) 0.006*
Q3)
Number of leukocytes mean (SD) |9.78 (3.11) 7.95 (2.09) 0.038*
(per microliter)
Hb (per deciliter) median (Q1- |13.65 (12.15-14.70) 14.00 (12.40-15.10) 0.503
Q3)
MPV (per microliter) mean (SD) |9.60 (1.33) 10.03 (1.15) 0.245
LYM (%) mean (SD) | 2.37 (1.55) 2.23(0.80) 0.737
RDW-CV (%) mean (SD) | 14.75 (1.99) 13.80 (1.68) 0.104
NEU (%) mean (SD) | 6.27 (3.10) 4.94 (2.13) 0.122
PDW (fL) Median (Q1- | 14.00(11.50-16.50)  12.60 (11.20-15.60) 0.381
Q3)
AST (U/L) mean (SD) | 52.44 (83.99) 19.65 (6.10) 0.139
ALT (U/L) mean (SD) | 32.81 (59.76) 19.71 (9.88) 0.396
HDL (mg/dl) mean (SD) | 35.56 (9.84) 44,51 (11.98) 0.031*
LDL (mg/dl) median (Q1- |100.50 (77.00— 96.00 (82.00-129.00)  0.992
Q3) 123.00)
NLR median (Q1- |2.559 (1.624-4.666) 1.970 (1.653-2.909) 0.167
Q3)
BMI mean (SD) |31.111 (4.325) 31.36 (5.63) 0.846

Independent samples t test; Mann Whitney U test, a: 0.05, *Statistical significance, METs: metabolic
equivalent of task, LVEF: Left ventricular ejection fraction, Hb: Hemoglobin, MPV: Mean thrombocyte
volume, LYM: Number of lymphocytes, NEU: Number of neutrophils, RDW-CW: Erythrocyte distribution
volume, PDW: Thrombocyte distribution width, AST: Aspartate aminotransferase, ALT: Alanine
aminotransferase, HDL: High density lipoprotein, LDL: Low density lipoprotein, NLR: Neutrophil
leukocyte ratio, BMI: Body mass index

Table 2: Comparison of surviving and deceased patient groups in terms of gender and
scintigraphic characteristics

Deceased  Alive

n % n_ % P-value

Sex Female 5 200 20 80.0 0.858
Male 11 183 49 817

Type of stress Pharmacological | 14 26.9 38 73.1 0.019*
Bruce 2 63 30 938

Wall motion Abnormal 12 211 45 789 0.497
Normal 4 148 23 852

Ml type Transmural 8 229 27 771 0452
Non-transmural | 8 16.3 41 837
Unspecified 0 00 0 00

Cavity width Dilate 7 333 14 66.7 0.061
Normal 9 141 55 859

Lesion localization in MPS  Apex 3 250 9 75.0 0.298
Anterior 1 9.1 10 90.9
Lateral 1 200 4 800
inferior 3 10.0 27 90.0
Multiple zone 8 308 18 69.2

fQRS Yes 5 156 27 844 0558
No 11 208 42 79.2

Chi-squared test; Exact test; a: 0.05; * distributional difference is statistically significant. MI: Myocardial
Infarction, fQRS: fragmented QRS

In the logistic regression analysis, statistically
significant effects were observed between the mortality and
stress protocol, basal systolic blood pressure, LVEF level,
number of leukocytes, and the neutrophil/leukocyte (NLR) ratio
(Table 3).

The effects of the variables based on logistic regression
analysis (leukocyte levels, basal systolic blood pressure, LVEF,
stress protocol) and fQRS on survival were evaluated using a
Cox regression analysis. While no statistically significant effect
was found between fQRS and mortality rates, it was observed
that other values were decisive variables for the lifespan of
patients in the present study (Table 4).
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Table 3: The effect of parameters on mortality with logistic regression analysis

B Wald  P- OR 95% CI
value Lower  Upper

Stress protocol - 4.262 0.039* 0.115 0.015 0.896
2.161

Basal systolic blood pressure - 4138 0.042* 0.958 0.919 0.998

(mmHg) 0.043

LVEF (%) 0.124 7552 0.006* 1.132 1.036 1.236

Number of leukocytes (per - 5.382 0.020* 0.673 0.481 0.940

microliter) 0.396

NLR - 5314 0.021* 0.729 0.558 0.954
0.316

Age (Years) 0.059 0.809

Sex 0.339 0.560

BMI 0.067 0.796

Basal heart rate (beats per minute) 0.261 0.609

Basal diastolic blood pressure 0.857 0.354

(mmHg)

Wall motion 4.021 0.134

Cavity (Cavity width) 0.362 0.548

Ml type (Ml type) 0.124 0.724

Lesion localization in MPS 1.654 0.799

Lesion localization in MPS

Lesion localization in MPS 1.043 0.307

(anterior)a

Lesion localization in MPS (lateral)a 0.043 0.836

Lesion localization in MPS 0.162 0.687

(inferior)a

Lesion localization in MPS (multiple 0.748 0.387

zone)a

fQRS 0.123 0.726

Hb (per deciliter) 0.086 0.769

MPV (per microliter) 0.094 0.759

RDWCV (%) 0.928 0.335

PDW (fL) 0.001 0.976

Binary Logistic Regression: a: 0.05; Methods: LR; Nagelkerke's R%: 0.498; Dependent Variable: Mortality; @
Compared to reference group (Apex); * the effect is statistically significant, LVEF: Left ventricular ejection
fraction, NLR: neutrophil leukocyte ratio, BMI: Body mass index, fQRS: fragmented QRS, Hb:
Hemoglobin, MPV: Mean thrombocyte volume, RDW-CW: Erythrocyte distribution volume, PDW:
Thrombocyte distribution width

Table 4: Parameters evaluated in cox regression analysis

B Wald  P- OR OR 95% ClI
value Lower  Upper
fQRS 0.453  0.479 0.489 1573 0436 5.671
Number of leukocytes (per 0.312 5722 0.017* 1.366 1.058 1.764
microliter)
NLR 0.120 1.748 0.186 1128 0.944  1.349
LVEF (%) - 4280 0.039* 0.949 0.904 0.997
0.052
Basal systolic blood pressure 0.035 6.876 0.009* 1.035 1.009 1.062
(mmHg)
Type of Stress 1.832 4690 0.030* 6.249 1190 32.816

OR; odds ratio, Cl: confidence interval, Cox Regression: a: 0.05, * The effect is statistically significant;
Dependent variables: Times, fQRS: fragmented QRS, NLR: neutrophil leukocyte ratio, LVEF: Left
ventricular ejection fraction

Discussion

No statistically significant effect was observed between
fQRS and all-cause mortality in the present study, which focused
on non-ischemic patients with MI diagnoses based on
scintigraphy. However, a negative correlation was found
between LVEF levels and mortality. It has been reported in
nuclear medicine practice that fixed lesions are likely to be
correlated with poor prognosis based on non-sporadic MPS [6].
The presence of poor prognosis markers in patients with fixed
perfusion defects has importance for reducing elevated
cardiovascular mortality. fQRS is likely to become one of these
markers as it is defined as additional notches on the QRS
complex in at least two consecutive leads based on an ECG
record and a display myocardial scar [4, 5]. Some studies have
also reported that fQRS displays higher sensitivity in displaying
scar tissue compared to the Q-wave [8]. In the existing literature,
although the number of studies on the relationship between
perfusion-induced mortality and fQRS is limited, many of these
studies deal with its relationship with cardiovascular mortality
[6, 10-13]. In a study monitoring MI and/or ischemia without
any differentiation between transmural and non-transmural types
on MPS in patients with coronary artery disease, fQRS was
reported to be correlated with cardiac events (MI, need for
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revascularization, and cardiac death) [6]. Unlike the present
study, another study which, due to cardiac events, excluded
patients with scar tissue on MPS reports and included ischemic
patients who underwent a coronary angiogram (CAG) reported
that fQRS was a moderately sensitive and independent marker
for ischemia diagnosis and showed a higher prognostic value
compared to conventional risk factors [10]. Similarly, various
studies showing that fQRS is likely to be an important marker for
poor prognosis in ischemic patients have been published. For
instance, a study on unstable patient groups without MPS in
acute ischemic events indicated that fQRS was an independent
predictor for all-cause mortality in patients with ACS [11].
Another study concerning acute ischemic patients who
underwent a successful revascularization procedure found that
unlike the conventional definition, fQRS was correlated with
elevated in-hospital mortality even in a single lead in the same
major cardiac area [12]. A similar study reported that the
presence of fQRS during hospital admission can lead to an
increase in mortality during cardiac events and long-term
cardiovascular mortality in patients with non-ST elevated
myocardial infarction. Based on these results in the existing
literature, it is safe to assume a correlation between fQRS and
poor prognosis in acute ischemic patients [13]. Therefore, the
present study focused mainly on the predictive power of
prognosis in patients with fixed hypoperfusion based on
scintigraphical Ml of fQRS.

In this study, fQRS morphology was found to have no
prognostic value in patients with fixed perfusion anomalies. This
result was not a surprising since the impact of fQRS on poor
prognosis in ischemic patients has been reported in some
previous studies. In addition, Das et al. reported that fQRS did
not affect all-cause mortality, whereas it did affect cardiac events
[6]. Because ischemic patients were excluded, the results of the
present study also indicated that the presence of fixed defects did
not play a prognostic role. Although they did not analyze its
relationship with mortality, Ozdemir et al. [14] reported that the
prevalence of ischemia and infarction in patients with fQRS in
MPS was remarkably higher compared to the control group and
that the probability of ischemia and/or infarction was both
visually and quantitatively 10-fold higher compared to the
patients without fQRS. In that study, fQRS in male patients was
twice as high as in female patients. The presence of fQRS in
normal MPS was associated with minimal fibrosis,
inflammation, and/or early-stage CAD. Given that no effects
were observed between fQRS and mortality in the present study
and previously cited study, the results suggest the presence of
probably benign fQRS with a higher level in male patients. It is
widely known that fQRS patterns are not always malignant and
do not occur at the same level for each lead. On the other hand, a
study concerning patients with known and possible CAD
reported that fQRS displayed a low sensitivity and specificity in
terms of diagnosing myocardial scarring [15]. Although benign
features of fQRS in anterior and lateral leads are relatively well-
defined [16], the results of some studies suggest that some
inferior leads are more likely to be benign. For instance, in a
study on the prognostic importance of fQRS in inferior, anterior,
and lateral leads, Terho et al. [17] reported that fQRS was
prevalent in inferior leads, and the presence of fQRS without an
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established heart disease did not indicate any cardiac event.
fORS in the lateral lead had the lowest incidence among these
three leads; however, it had a higher risk of all-cause mortality.
In a study comparing fQRS in inferior and anterior leads,
Eyuboglu et al. [18] observed a correlation between fQRS in
anterior leads and higher severity of multivessel disease. In
particular, the presence of fQRS in lateral leads were found to be
affected by cardiac events and all-cause mortality in patients
with CAD [19]. Patients with fQRS in anterior leads had a 3.69-
fold higher risk of abnormal MPS compared to those without
fORS in anterior leads, while the same levels were lower in
inferior and lateral leads [20]. In the present study, it is likely
that no effects would have been observed between fQRS and
prognosis in patients with fixed hypoperfusion due to the
dominant presence of fQRS morphology in the inferior leads.
These results in the existing literature suggest that the
relationship between fQRS and prognosis may differ depending
on the selected patient groups and leads.

In this study, apart from fQRS, the demographic
characteristics of the patients, MPS protocol, and the prognostic
values of cardiovascular mortality markers obtained from
laboratory tests were also investigated. These results also
correlated with basal systolic blood pressure, leukocyte value,
HDL levels, and NLR values. Another striking correlation was
observed in patients who underwent pharmacological stress tests.
The higher mortality rate in the patients who underwent
pharmacological stress tests most likely resulted from their
mobility limitations.

It was found that age, height, weight, body mass index
(BMI), Bruce protocol stress test, duration of stress in Bruce
protocol, (basal) diastolic blood pressure levels prior to exercise,
basal heart rate, exercise METs values, left ventricular wall
motion abnormality and dilation of cavity, type of Ml
(transmural/non-transmural), scintigraphic lesion localization,
neutrophil, lymphocyte, RDW-CW, PDW, MPV, LDL
cholesterol, ALT, and AST values were not correlated with
mortality.

In the present study, it was observed that a higher NLR
level and a lower LVEF level may have been correlated with
elevated mortality in patients with fixed hypoperfusion/perfusion
defects based on MPS. Similar to this finding, a study reported
that the presence of fQRS was independently affected by a
higher NLR in addition to elevated in-hospital mortality in
patients with ST elevated myocardial infarction (STEMI). The
presence of fQRS and the in-hospital mortality rate was higher in
patients with NLR > 5.47 in that study. In other words, it was
suggested that NLR and fQRS were likely to offer additional
prognostic clues in terms of diagnosing patients with a higher
cardiac risk [21]. Similarly, despite no evidence of an association
between fQRS and mortality, an association was observed
between NLR and all-cause mortality in the present study. A
similar study found an association between cardiac mortality and
elevated NLR in patients with stabilized coronary artery disease.
That study also analyzed the prognostic importance of LVEF
level as a single variable predictor of mortality without focusing
on the correlation between fQRS and mortality and observed a
correlation between LVEF level and mortality in patients with
LVEF < 50, which overlaps with results related to LVEF in the
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present study [22]. In addition, the correlation between lower
LVEF levels and all-cause mortality is a crucial result in the
present study since decreased left ventricular systolic function
may point to a higher-risk patient group [13]. Some studies
concerning the prognostic role of LVEF levels can be found in
the existing literature. For instance, similar to cut-off value in the
present study (36.5%), a correlation was observed between low
EF levels (< 35%) and all-cause mortality rates in fragmented
patients (including left bundle branch block, premature
ventricular complex and paced QRS) with a QRS duration longer
than 120 ms [7]. A study concerning patients with heart failure
found a correlation between LVEF < 45% and mortality [23].
Similarly, another study on patients with heart failure reported a
higher cardiac death rate in patients with LVEF < 40% compared
to those with a LVEF level higher than 40% [24]. In parallel with
other studies in the existing literature, the present study found a
negative correlation between LVEF levels and all-cause
mortality rates in patients with fixed hypoperfusion/perfusion
defects.

Limitations

The present study was designed based on a retrospective
research model with limited duration of monitoring. The two
most important limitations of the present study were the use of
ECG records of hospitalized patients without any further
automation records and the reliance on MPS reports without any
MPS images in the automation system for the statistical analysis.
Therefore, the number of patients included in the present study
was fairly limited, which resulted in a relatively limited
statistical analysis. Because the present study could not obtain
MPS images and had to rely only on MPS reports for analysis, it
was not possible to develop a model suitable to 17 different
segments, resulting in a statistical analysis based on only five
different segments.

Conclusions

Various studies in the existing literature have reported
that fQRS is likely to be a marker associated with mortality and
morbidity in cardiovascular diseases. However, no association
was observed between fixed hypoperfusion in MPS and mortality
and fQRS in the present study. It must be also noted that the
patient group with fQRS morphology was a heterogeneous group
in the present study. The results of the present study have
importance in terms of indicating benign features of fQRS
morphology in some patients, and it is evident that new markers
are needed to diagnose such patients. In addition, future
prospective studies must focus on the association between
prognosis and fQRS and LVEF levels. A strong negative
association was found between LVEF and mortality in the
present study, which points to a correlation between LVEF levels
and mortality. Another important result of the present study is
the  association between patients who underwent
pharmacological stress tests and mortality. It can be suggested
that in daily practice, LVEF level is likely to be a decisive factor
for applying pharmacological stress tests. In conclusion, the
present study demonstrated the need for larger volume
prospective studies for the correlation between LVEF and
prognosis in patients with fixed hypoperfusion/perfusion defects.

Nevertheless, the results of this study suggest that
LVEF is a more useful predictor than fQRS for predicting all-
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cause mortality in non-ischemic patients with fixed
hypoperfusion/perfusion defects based on MPS.

10.

1

1

N

13.

1

15.

1

1

]

1

1

20.

2

=

2

2

2

N

[

>

o

™

©

N

w

References

Elhendy A, Schinkel AF, van Domburg RT, Bax JJ, Poldermans D. Prognostic significance of fixed
perfusion abnormalities on stress technetium-99m sestamibi single-photon emission computed
tomography in patients without known coronary artery disease. Am J Cardiol. 2003 Nov
15;92(10):1165-70. doi: 10.1016/j.amjcard.2003.07.024. PMID: 14609590.

Dorbala S, Ananthasubramaniam K, Armstrong 1S, Chareonthaitawee P, DePuey EG, Einstein AJ, et
al. Single Photon Emission Computed Tomography (SPECT) Myocardial Perfusion Imaging
Guidelines: Instrumentation, Acquisition, Processing, and Interpretation. J Nucl Cardiol. 2018
Oct;25(5):1784-846. doi: 10.1007/s12350-018-1283-y. PMID: 29802599.

. Junior JGMM, Torres DOC, Filho DCS. Hematological Parameters as Prognostic Biomarkers in

Patients with Cardiovascular Diseases. Curr Cardiol Rev. 2019;15(4):274-82. doi:
10.2174/1573403X15666190225123544.

. Supreeth RN, Francis J. Fragmented QRS - Its significance. Indian Pacing and Electrophysiol J. 2020

Jan-Feb;20(1):27-32. doi: 10.1016/j.ipej.2019.12.005. Epub 2019 Dec 13. PMID: 31843558;
PMCID: PMC6994396.

Pietrasik G, Zargba W. QRS fragmentation: diagnostic and prognostic significance. Cardiol J.
2012;19(2):114-21. doi: 10.5603/cj.2012.0022. PMID: 22461043.

Das MK, Saha C, El Masry H, Peng J, Dandamudi G, Mahenthiran J, et al. Fragmented QRS on a 12-
lead ECG: a predictor of mortality and cardiac events in patients with coronary artery disease. Heart
Rhythm. 2007 Nov;4(11):1385-92. doi: 10.1016/j.hrthm.2007.06.024. Epub 2007 Aug 1. PMID:
17954396.

Das MK, Suradi H, Maskoun W, Michael MA, Shen C, Peng J, et al. Fragmented wide QRS on a 12-
lead ECG: a sign of myocardial scar and poor prognosis. Circ Arrhythm Electrophysiol. 2008
Oct;1(4):258-68. doi: 10.1161/CIRCEP.107.763284. Epub 2008 Jul 14. PMID: 19808417.

Das MK, Khan B, Jacob S, Kumar A, Mahenthiran J. Significance of a fragmented QRS complex
versus a Q wave in patients with coronary artery disease. Circulation. 2006 May 30;113(21):2495-
501. doi: 10.1161/CIRCULATIONAHA.105.595892. Epub 2006 May 22. PMID: 16717150.

Uysal HB, Dagh B, Akgiillii C, Avcil M, Zencir C, Ayhan M, et al. Blood count parameters can
predict the severity of coronary artery disease. Korean J Intern Med. 2016 Nov;31(6):1093-100. doi:
10.3904/kjim.2015.199. Epub 2016 Apr 7. PMID: 27052265; PMCID: PMC5094927.

Cho HJ, Yoon JY, Kim N, Jang SY, Bae MH, Lee JH, et al. Predictive value of a fragmented QRS
complex in diagnosing patients with myocardial ischemia. Clin Cardiol. 2019 Mar;42(3):379-84. doi:
10.1002/clc.23148. Epub 2019 Feb 19. PMID: 30597592; PMCID: PMC6712309.

Das MK, Michael MA, Suradi H, Peng J, Sinha A, Shen C, et al. Usefulness of fragmented QRS on a
12-lead electrocardiogram in acute coronary syndrome for predicting mortality. Am J Cardiol. 2009
Dec 15;104(12):1631-7. doi: 10.1016/j.amjcard.2009.07.046. PMID: 19962466.

. Tanriverdi Z, Dursun H, Colluoglu T, Kaya D. Single Derivation Fragmented QRS Can Predict Poor

Prognosis in Successfully Revascularized Acute STEMI Patients. Arq Bras Cardiol. 2017
Sep;109(3):213-21. doi: 10.5935/abc.20170099. Epub 2017 Jul 20. PMID: 28746519; PMCID:
PMC5586228.

Bekler A, Gazi E, Erbag G, Peker T, Barutgu A, Altun B, et al. Relationship between presence of
fragmented QRS on 12-lead electrocardiogram on admission and long-term mortality in patients with
non-ST elevated myocardial infarction Turk Kardiyol Dern Ars. 2014 Dec;42(8):726-32. Turkish.
doi: 10.5543/tkda.2014.79438. PMID: 25620333.

Ozdemir S, Tan YZ, Colkesen Y, Temiz A, Turker F, Akgoz S. Comparison of fragmented QRS and
myocardial perfusion-gated SPECT findings. Nucl Med Commun. 2013 Nov;34(11):1107-15. doi:
10.1097/MNM.0b013e3283653884. PMID: 23963352.

Wang DD, Buerkel DM, Corbett JR, Gurm HS. Fragmented QRS complex has poor sensitivity in
detecting myocardial scar. Ann Noninvasive Electrocardiol. 2010 Oct;15(4):308-14. doi:
10.1111/j.1542-474X.2010.00385.x. PMID: 20946552; PMCID: PMC6931930.

Haukilahti MA, Eranti A, Kenttd T, Huikuri HV. QRS Fragmentation Patterns Representing
Myocardial Scar Need to Be Separated from Benign Normal Variants: Hypotheses and Proposal for
Morphology based Classification. Front Physiol. 2016 Dec 26;7:653. doi: 10.3389/fphys.2016.00653.
PMID: 28082919; PMCID: PMC5183580.

. Terho HK, Tikkanen JT, Junttila JM, Anttonen O, Kenttd TV, Aro AL, et al. Prevalence and

prognostic significance of fragmented QRS complex in middle-aged subjects with and without
clinical or electrocardiographic evidence of cardiac disease. Am J Cardiol. 2014 Jul 1;114(1):141-7.
doi: 10.1016/j.amjcard.2014.03.066. Epub 2014 Apr 18. PMID: 24819902.

Eyuboglu M, Kucuk U, Senarslan O, Akdeniz B. Comparison of the presence of fragmented QRS
complexes in the inferior versus the anterior leads for predicting coronary artery disease severity.
Rev Port Cardiol. 2017 Feb;36(2):89-93. English, Portuguese. doi: 10.1016/j.repc.2016.07.008. Epub
2017 Jan 30. PMID: 28153633.

Giingor B, Ozcan KS, Karatas MB, Sahin I, Oztirk R, Bolca O. Prognostic Value of QRS
Fragmentation in Patients with Acute Myocardial Infarction: A Meta-Analysis. Ann Noninvasive
Electrocardiol. 2016 Nov;21(6):604-12. doi: 10.1111/anec.12357. Epub 2016 Mar 28. PMID:
27018003; PMCID: PMC6931668.

Hekmat S, Pourafkari L, Ahmadi M, Chavoshi MR, Zamani B, Nader ND. Fragmented QRS on
surface electrocardiogram as a predictor of perfusion defect in patients with suspected coronary
artery disease undergoing myocardial perfusion imaging. Indian Heart J. 2018 Dec;70 Suppl 3(Suppl
3):5177-S181. doi: 10.1016/j.ihj.2018.09.011. Epub 2018 Oct 10. PMID: 30595253; PMCID:
PMC6310744.

. Tanriverdi Z, Colluoglu T, Dursun H, Kaya D. The Relationship between neutrophil-to-lymphocyte

ratio and fragmented QRS in acute STEMI patients treated with primary PCI. J Electrocardiol. 2017
Nov-Dec;50(6):876-83. doi: 10.1016/j.jelectrocard.2017.06.011. Epub 2017 Jun 8. PMID: 28623016.
Papa A, Emdin M, Passino C, Michelassi C, Battaglia D, Cocci F. Predictive value of elevated
neutrophil-lymphocyte ratio on cardiac mortality in patients with stable coronary artery disease. Clin
Chim Acta. 2008 Sep;395(1-2):27-31. doi: 10.1016/j.cca.2008.04.019. Epub 2008 May 1. PMID:
18498767.

Curtis JP, Sokol SI, Wang Y, Rathore SS, Ko DT, Jadbabaie F, et al. The association of left
ventricular ejection fraction, mortality, and cause of death in stable outpatients with heart failure. J
Am Coll Cardiol. 2003 Aug 20;42(4):736-42. doi: 10.1016/s0735-1097(03)00789-7. PMID:
12932612.

. Vergaro G, Ghionzoli N, Innocenti L, Taddei C, Giannoni A, Valleggi A, et al. Noncardiac Versus

Cardiac Mortality in Heart Failure With Preserved, Midrange, and Reduced Ejection Fraction. J Am
Heart Assoc. 2019 Oct 15;8(20):e013441. doi: 10.1161/JAHA.119.013441. Epub 2019 Oct 5. PMID:
31587602; PMCID: PMC6818034.

The National Library of Medicine (NLM) citation style guide has been used in this paper.

JOSAM

The relationship between fQRS and mortalityA

&

L 2

v
Page | 663



