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Abstract
Background: Frontal plane QRS-T angle (fQRS-T) and platelet-to-lymphocyte ratio 
(PLR) are highly important parameters that well-predict unfavorable outcomes in pa-
tients with ST-elevated myocardial infarction (STEMI).There are limited data on the 
predictive significance of ischemic cardiomyopathy (I-CMP) from the combination of 
fQRS-T and PLR in STEMI, compared to using fQRS-T and PLR alone.
Aim: We aimed to evaluate the ability of the combination of fQRS-T and PLR routinely 
obtained on admission to identify STEMI patients at risk of I-CMP.
Method: Six hundred and thirty-eight consecutive patients with STEMI who underwent 
primary percutaneous coronary intervention between 2018 and 2021 were included. The 
assessment of I-CMP was conducted through two-dimentional (2D)-echocardiography 
6 weeks post-STEMI and I-CMP was defined as a left ventricular ejection fraction (LVEF) 
of 50% or less. Multivariate logistic regression analysis and receiver operating curve 
(ROC) analysis were performed to predict the development of I-CMP.
Results: In ROC analysis, the cut-off values of fQRS-T and PLR for best predicting I-
CMP were 66.72° and 101.23, respectively. The model using the combination of two 
markers was the most powerful predictor of I-CMP risk (OR: 3.183, 95% CI: 1.971–
5.139, p = .001) when included in a single variable such as high fQRS-T or high PLR 
(OR: 1.422, 95% CI: 0.870–0.232, p = .160). Additionally, the concomitant presence of 
high fQRS-T and high PLR exhibited the highest specificity (77%) for I-CMP relative to 
the individual presence of high fQRS-T (66%) or PLR (49%).
Conclusion: The combination of fQRS-T and PLR, which is a simple and cost-effective 
risk assessment, may serve as a more reliable prognosticator for I-CMP as opposed to 
the use of fQRS-T and PLR alone for STEMI.
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1  |  INTRODUC TION

Ischemic cardiomyocytes activate an intense thromboinflamma-
tory response that primarily involves activated platelets engaging 
with various cells (Li et al., 2021; Schrottmaier et al., 2020; Sexton 
et al., 2015). The intricate interplay between various factors triggers 
the initiation of the coagulation cascade and the subsequent forma-
tion of a nascent clot (Banka et al., 2023). Another key component 
that contributes to the formation of blood clots is the reduction in 
lymphocyte count (Ommen et  al., 1997). Lymphocytes are identi-
fied as cells that limit disease progression through the regulation 
of thromboinflammation in myocardial infarction (Li et  al.,  2021; 
Ommen et al., 1997; Tang et al., 2012). Consequently, an increased 
platelet-to-lymphocyte ratio (PLR) may serve as an innovative bio-
marker indicating the formation of a fresh thrombus in ST-elevated 
myocardial infarction (STEMI).

The electrophysiological features of ischemic cardiomyocytes 
are mainly characterized by disturbances in the repolarization pro-
cess and its interaction with depolarization (Dilaveris et  al., 2017; 
Rodríguez et al., 2006). Since frontal plane QRS-T angle (fQRS-T) has 
been defined as a novel electrocardiographic marker of myocardial 
depolarization and repolarization heterogeneity and measured the 
absolute value of frontal plane T wave (fT) and frontal plane QRS 
axis (fQRS), electrophysiological changes in myocardium result in 
alterations in the myocardial repolarization (fT) and myocardial 
depolarization (fQRS), leading to an increased frontal plane QRS-T 
angle (fQRS-T) (Dilaveris et  al., 2017; Kurisu et  al.,  2019; Michael 
et al., 2007; Oehler et al., 2014; Tanriverdi et al., 2020). If the angle 
exceeds 180°, fQRS-T was calculated by subtracting from 360° 
(Colluoglu et al., 2018).

Ischemic cardiomyopathy (I-CMP) may be one of the devastat-
ing consequences of STEMI and the recently published RECORD-MI 
study demonstrated that the incidence of heart failure occurrence 
within a 1-year period was found to be 30%. In this trial, patients 
diagnosed with newly developed heart failure exhibited poorer out-
comes, including a higher likelihood of experiencing recurrent MI, 
cardiovascular hospitalization, and an increased risk of all-cause 
mortality (Butler, 2023; Schuster et  al., 2012; Wang et  al.,  2016). 
Timely identification of patients who are at an increased risk of the 
development of I-CMP is crucial to avert such a catastrophic out-
come. Various risk parameters have been employed to facilitate 
early identification of STEMI patients who are at a heightened risk 
of adverse outcomes (Granger et al., 2003; Morrow et al., 2000). The 
risk parameters for patients with STEMI may incorporate fQRS-T 
and PLR as individual factors. Elevated PLR and widened fQRS-T 
have been associated with a poorer prognosis in such patients (Acet 
et al., 2015; Azab et al., 2012; Lown et al., 2012). However, there has 
been a lack of scientific evidence regarding the combined use of PLR 
and fQRS-T in risk stratification to better predict I-CMP in STEMI 
patients. Therefore, we conducted this retrospective study of PLR 
and fQRS-T in STEMI patients. We aimed to investigate the effect of 
their combined use on I-CMP.

2  |  METHOD

2.1  |  Study population

The retrospective evaluation of 696 consecutive patients admit-
ted to Karabuk University Hospital, Cardiology Clinic, between 
January 2018 and December 2021 with STEMI who underwent 
primary percutaneous coronary intervention (pPCI). The de-
termination of a STEMI diagnosis was established by the 2017 
guideline for STEMI management by the European Society of 
Cardiology (Ibanez et  al.,  2018). The study employed several 
major exclusion criteria, including the presence of a complete or 
incomplete right or left bundle branch block (n = 14), the presence 
of a pathological Q wave (n = 3), pacemaker rhythm (n = 8), the 
receiving thrombolytic therapy (n = 5), a history of CAD (n = 18), 
and poor echocardiographic image quality (n = 10). Consequently, 
our study included a total of 638 patients who underwent re-
vascularization with pPCI (Figure S1). The study was performed 
in accordance with the principles stated in the Declaration of 
Helsinki and this study was approved by the Karabuk University 
Ethics Committee of Non-interventional Clinical Research (ap-
proval number: 2022/1036).

2.2  |  Electrocardiography

Standard 12-lead ECGs were recorded on admission at a paper speed 
of 25 mm/s with an amplification of 10 mm/mV for all participants. 
All ECG data were transmitted to a computer for further analysis of 
fQRS, fT, and fQRS-T by a single expert cardiologist. The cardiologist 
analyzed fQRS-T at a magnification of 200% with dedicated soft-
ware. fQRS-T was defined as the absolute value of the difference 
between fQRS and fT, and was adjusted to an acute angle by (360°-) 
for an angle >180°(Figure 1).

2.3  |  Laboratory measurements

Before the pPCI procedure, venous blood samples were col-
lected in Vacusera-K2 ethylenediaminetetraacetic acid (EDTA) 
tubes (Vacusera®) and VacuSel gel tubes with clot activator 
(Vacusera®) by sterile venipuncture in the emergency room. A 
total of 9 biomarkers were measured. These included biomark-
ers of thrombo-inflammation (PLR, platelet, lymphocyte, and 
neutrophil count), biomarkers of myocardial ischemia (troponin), 
biomarkers of renal function (creatinine and estimated glomerular 
filtration rate (eGFR)), and biomarkers of dyslipidemia (LDL-C and 
HDL-C). The total numbers of platelets, lymphocytes, and neutro-
phils were measured by the Coulter LH series (Beckman Coulter, 
Inc., Florida). The PLR prior to the pPCI procedure was calculated 
by dividing the platelet count by the lymphocyte count using the 
same blood sample.
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2.4  |  2D-echocardiography

All echocardiographic studies were performed on hospital admission 
and after 6 weeks of STEMI. The Philips Epic7C ultrasound system 
(Andover, USA) was used to perform transthoracic echocardiogra-
phy. Left ventricular ejection fraction (LVEF was determined using 
the modified biplane Simpson method according to the recommenda-
tions of the American Society of Echocardiography) (Lang et al., 2015). 
The state of I-CMP was I-CMP as a LVEF of 50% or less (Schuster 
et  al.,  2012). I-CMP was evaluated following 6 weeks of STEMI by 
2D-transthoracic echocardiography.

2.5  |  Coronary angiography

All pPCI procedures were performed with the standard femoral 
arterial approach. The infarct-related artery was treated if it was 
totally occluded, and stenting of the culprit lesion was attempted 
in all patients. Angioplasty of non-infarct-related arteries was not 
performed unless the patient was in cardiogenic shock. Successful 
revascularization was defined as a final stenosis of <20% with 
thrombolysis in myocardial infarction (TIMI) flow grade 3 (Levine 
et  al.,  2011). Two experienced cardiologists independently inter-
preted all angiographic images. The interobserver and intraobserver 
variabilities were 3% and 2% for TIMI 0–1 grade, 1.6% and 1% for 
TIMI 2 grade, and 0% and 0.6% for TIMI 3 grade.

2.6  |  Statistical analysis

Continuous variables were tested for normal distribution using the 
Kolmogorov–Smirnov test. The Student t-test was used for continu-
ous variables with a normal distribution (presented as mean ± stand-
ard deviation), and the Mann–Whitney-U test was used for 
continuous variables without a normal distribution (presented as 
median [interquartile range]). Categorical variables were compared 
with the chi-square test. A receiver operating characteristic (ROC) 

curve analysis was applied to assess the diagnostic performance 
and predictive capability of the PLR and fQRS-T with an area under 
the curve (AUC); sensitivity and specificity were also calculated. 
The optimal cut-off values of PLR and fQRS-T were the thresholds 
yielding the maximal sum of sensitivity and specificity. Continuous 
variables were compared between the three groups using one-way 
analysis of variance, or the Kruskal–Wallis test. The association 
between I-CMP and high fQRS-T (Hf), high PLR (HP), either high 
fQRS-T and low PLR (HfLP) or low fQRS-T and high PLR (LfHP), and 
high fQRS-T and high PLR (HfHP) was estimated using multivariate 
logistic regression analysis using stepwise forward-Wald. For these 
analyses, we created three different models. Model 1 was adjusted 
for HP, age, diabetes mellitus (DM), hyperlipidemia, three-vessel 
disease (TVD), troponin and creatinine. Model 2 was adjusted for 
Hf, age, DM, hyperlipidemia, TVD, troponin, and creatinine. Model 
3 was adjusted for HfHP, age, DM, hyperlipidemia, TVD, troponin 
and creatinine. A probability value <.05 was considered statisti-
cally significant. All analyses were performed using SPSS 25.0 (IBM 
Corporation).

3  |  RESULTS

3.1  |  Baseline characteristics and laboratory, 
echocardiographic and angiographic parameters

A total of 638 STEMI patients were included in this study. Baseline 
characteristics were seen in Table 1. The mean age of patients was 
59.40 ± 12.50 years and 21.3% (136) were female. The median PLR 
was 110.47 (73.42–174.37) and fQRS-T was 53.11° (28.24°–95.00°). 
I-CMP was developed in 175 (27.4%) patients in the sixth week after 
STEMI. Patients diagnosed with I-CMP exhibited a higher mean age 
and a greater prevalence of DM (30.9% vs. 21.2%, p = .010), TVD 
(26.9% vs. 14.0%, p = .001), and hyperlipidemia (26.9% vs. 18.8%, 
p = .026) in comparison to the cohort without I-CMP (Table 1). While 
the patients who developed I-CMP had higher median fQRS-T 
(84.56° [51.24°–131.48°] vs. 45.00° [23.00°–81.00°], p = .001), PLR 
(138.59 [80.59–191.33] vs. 104.09 [69.23–164.54], p = .001), tro-
ponin (50.00 [49.75–80.00] vs. 35.32 [12.00–50.00], p = .001), and 
creatinine (0.93 [0.78–1.07] vs. 0.87 [0.74–1.01], p = .007) levels; 
median LVEF (35% [30%–40%] vs. 50% [45%–55%], p = .001) was 
significantly lower in the patients who developed I-CMP. Regarding 
the results of the pPCI procedure, patients who developed I-CMP 
had a lower TIMI flow grade compared to those without I-CMP 
(2.55 ± 0.85 vs. 2.69 ± 0.72, p = .040) (Table 1).

3.2  |  Optimal cut-off values of frontal plane QRS-T 
angle and platelet-to-lymphocyte ratio for ischemic 
cardiomyopathy

ROC curve analysis of PLR and fQRS-T individually showed the 
best cut-off values of 101.23 (AUC = 0.591, CI95 = 0.551–0.640, 

F I G U R E  1 The calculation of frontal plane QRS-T angle. fQRS 
axis, frontal plane QRS axis; fQRS-T, frontal plane QRS-T angle; fT 
axis, frontal plane T axis.
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p = .001) and 66.72° (AUC = 0.702, CI95 = 0.658–0.746, p = .001), 
respectively, for predicting the development of I-CMP (Figure 2a, 
Table S1). The criterion for HP was established as an PLR ≥101.23, 
whereas LP was defined as an PLR <101.23. The criterion for Hf 
was established as an fQRS-T ≥ 66.72°, whereas Lf was defined as 
an fQRS-T < 66.72°. The combination of Hf and HP exhibited the 
greatest level of specificity in predicting I-CMP with a sensitivity 
of 46% and specificity of 77% (AUC = 0.615, CI95 = 0.564–0.665, 
p = .001) (Figure 2b, Table S1).

3.3  |  Findings based on cut-off values of fQRS-T 
angle and PLR

Following the cut-off values of fQRS-T and PLR, patients were di-
vided into the following three groups: Group I: HfHP; Group II: HfLP 
or LfHP; Group III: LfLP. The presence of Group I was identified in 
189 (29%) patients, of whom 81 (42.9%) experienced I-CMP. Patients 

in Group I exhibited advanced age and a greater incidence of I-CMP 
as compared to those in Group II and Group III. LVEF, hemoglobin, 
and lymphocyte count were lower in subjects belonging to Group I. 
The median of fQRS-T, PLR, troponin, creatinine, and LDL-C were 
higher in patients belonging to Group I in comparison to those in 
Group II and Group III (Table 2).

3.4  |  Findings based on models to predict ischemic 
cardiomyopathy

According to Model 1, Model 2 and Model 3, both Hf and HP 
were independently associated with I-CMP (Tables  S2 and S3). 
Furthermore, the combination of these two variables exhibited a 
greater predictive capacity for I-CMP compared to their individual 
use. The combined use of two variables had a higher hazard ratio of 
3.183 (1.971–5.139) compared to the hazard ratio of either Hf or HP 
(1.422 (0.870–2.323)) (Table 3, Table S4).

TA B L E  1 Baseline clinical, laboratory and angiographic characteristics of the study population.

STEMI patients (n = 638) Patients with I-CMP (n = 175)
Patients without I-CMP 
(n = 463) p

Age (years) 59.40 ± 12.50 62.41 ± 13.24 58.27 ± 12.03 .001

Sex (M/F) 502/136 135/40 367/96 .559

Hypertension (%) 304 (47.6) 93 (53.1) 211 (45.6) .088

Diabetes mellitus (%) 152 (23.8) 54 (30.9) 98 (21.2) .010

Hyperlipidemia (%) 134 (21.0) 47 (26.9) 87 (18.8) .026

PAD (%) 18 (2.8) 3 (1.7) 15 (3.2) .299

LVEF (%) 45.00 (40.00–54.00) 35.00 (30.00–40.00) 50.00 (45.00–55.00) .001

Troponin (ng/mL) 43.40 (14.16–78.00) 50.00 (49.75–80.00) 35.32 (12.00–50.00) .001

Creatinine (mg/dL) 0.88 (0.75–1.03) 0.93 (0.78–1.07) 0.87 (0.74–1.01) .007

eGFR (mL/min/1.73 m2) 91.11 (75.00–106.00) 86.10 (73.87–109.00) 92.00 (75.00–105.75) .433

LDL-C (mg/dL) 113.00 (91.60–142.00) 118.00 (92.50–146.00) 112.00 (91.20–139.60) .330

HDL-C (mg/dL) 38.00 (33.00–46.00) 38.00 (34.00–46.00) 39.00 (33.00–46.00) .895

fQRS-T (°) 53.11 (28.24–95.00) 84.56 (51.24–131.48) 45.00 (23.00–81.00) .001

Hematological parameters

Hemoglobin (g/dL) 13.90 (12.50–15.00) 14.10 (12.70–15.10) 13.80 (12.50–15.00) .608

WBC (×10/μL) 11.63 (9.30–14.40) 11.80 (9.90–14.60) 11.60 (9.10–14.40) .039

Neutrophil count 
(×103/μL)

8.16 (6.40–11.20) 8.70 (6.70–11.61) 7.95 (6.10–11.00) .032

Lymp. count (×103/μL) 1.98 (1.30–2.70) 1.70 (1.20–2.40) 2.00 (1.40–2.70) .023

Platelet count (×103/μL) 236.00 (200.00–272.00) 235.00 (205.00–279.00) 237.00 (198.00–268.00) .608

PLR 110.47 (73.42–174.37) 138.59 (80.59–191.33) 104.09 (69.23–164.54) .001

Angiographic parameters

Proximal lesion (%) 330 (51.7) 101 (57.7) 229 (49.5) .063

Three vessel disease (%) 112 (17.6) 47 (26.9) 65 (14.0) .001

TIMI flow grade 2.65 ± 0.76 2.55 ± 0.85 2.69 ± 0.72 .040

Abbreviations: eGFR, estimated glomerular filtration rate; fQRS-T, frontal plane QRS-T angle; HDL-C, high density lipoprotein cholesterol; I-CMP, 
ischemic cardiomyopathy; LDL-C, low density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; Lymp., lymphocyte; PAD, peripheral 
arterial disease; PLR, platelet-to-lymphocyte ratio; TIMI, thrombolysis in myocardial infarction; WBC, white blood counts.
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4  |  DISCUSSION

The present study focused on evaluating the clinical efficacy of 
using both fQRS-T and PLR in combination for the purpose of risk 
stratification for predicting I-CMP in patients who underwent pPCI 
following 6 weeks of STEMI. Patients treated with thrombolytic 
therapy were not included in our study, as this form of treatment is 
typically inadequate for achieving optimal coronary flow. This situa-
tion may have resulted in the continuation of exacerbated ischemia 
and heterogeneous results in the assessment of risk.

PLR is a cost-effective and easily accessible marker that offers 
an added layer of risk assessment beyond traditional risk parame-
ters in predicting mortality rates during hospitalization and over an 
extended period (Dong et al., 2021; Serra et al., 2021). Furthermore, 
increased PLR may be a sign of suboptimal coronary flow follow-
ing the pPCI procedure. Indeed, Kurtul et  al. demonstrated that 
elevated PLR on admission was associated with no or slow flow 
after the pPCI procedure. Suboptimal coronary flow after pPCI 
was strongly linked to larger infarct size, worse LVEF recovery, and 
a higher incidence of mortality and morbidity (Bekler et al., 2015; 
Kurtul et al., 2014). Similarly, we found that HP exhibited indepen-
dent predictability for I-CMP in multivariate logistic regression 
analysis. HP demonstrated the greatest sensitivity for predicting 
I-CMP following 6 weeks of STEMI, surpassing both Hf and HfHP. 
However, this finding suggests that false positives should be taken 
into account and highlights that the combined use of HP and Hf 
may be more reliable for predicting I-CMP after 6 weeks of STEMI. 
Additionally, in Model 1, the presence of hyperlipidemia (β = 1.658) 

carried almost equal risk for the development of I-CMP compared 
to HP (β = 1.693). As we know, hyperlipidemia is a potent risk fac-
tor for coronary heart disease and may further promote I-CMP 
through low-grade inflammation (Varbo et al., 2013). In fact, this 
finding may prove that increased PLR is somehow also a marker of 
thromboinflammation.

Research has demonstrated that patients with STEMI who ex-
hibit widened fQRS-T are at an increased risk of suffering from 
larger infarcts, impaired LVEF, longer stays in the hospital, and 
increased susceptibility to ventricular arrhythmias and cardiovas-
cular mortality (Na Yang et al., 2022). Consistently, the results of 
our study indicated that patients with widened fQRS-T exhibited 
a higher incidence of I-CMP. fQRS-T was also found to be an inde-
pendent predictor for I-CMP, with an estimated predicted critical 
value of 66.72°.

The observation that an elevated PLR and widened fQRS-T 
upon admission were linked to increased I-CMP could be at-
tributed to the greater extent of myocardial ischemia upon ad-
mission in STEMI. The present findings show a similarity to those 
of prior studies that have reported an association between in-
creased PLR and widened fQRS-T and a higher rate of adverse 
outcomes, including reduced LVEF, recurrent hospitalization for 
heart failure, and mortality. However, the aforesaid investigations 
have solely assessed either fQRS-T or PLR in patients with STEMI 
(Azab et al., 2012; Colluoglu et al., 2018; Ozcan Cetin et al., 2016; 
Raposeiras-Roubín et al., 2014; Sun et al., 2017). We also evalu-
ated both factors on I-CMP separately and in combination. In the 
three different models, the prognostic discriminatory capacity of 

F I G U R E  2 (a) ROC curve analysis of frontal plane QRS-T angle (fQRS-T) and platelet-to-lymphocyte ratio (PLR) for predicting ischemic 
cardiomyopathy, (b) ROC curve analysis of fQRS-T, PLR, and the combination of fQRS-T and PLR for predicting ischemic cardiomyopathy. 
fQRS-T, frontal plane QRS-T angle; PLR, platelet-to-lymphocyte ratio.
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HP (Model 1), Hf (Model 2), and HfHP (Model 3) remained signifi-
cant after adjusting multiple covariates. The use of both variables 
in the process of risk stratification showed that the risk of I-CMP 
is more accurately assessed compared to relying on either variable 
individually. Model 1 and Model 2 had a single variable, such as Hf 
or HP, whereas Model 3 included both variables, which had higher 
cut-off values according to the ROC analysis. In Model 1 or Model 
2, only one individual parameter was an independent risk factor for 
the development of I-CMP, while in Model 3, HfHP leads to a 3.1 
fold increase in the risk of I-CMP development, and the presence 
of either Hf or HP alone is linked to a 1.4 fold increase in the risk 
of I-CMP, respectively. Therefore, using only single parameters 
may overlook the development of I-CMP, and drugs that provide 
reverse remodeling may not be prescribed to appropriate patients 

at the appropriate time. We may have an unfavorable effect on the 
progression of I-CMP and heart failure, which are already at high 
risk following STEMI. Moreover, our predictive model exhibited 
a notable enhancement in discerning I-CMP due to its impact on 
specificity. The increased specificity is a promising advancement, 
as it substantially reduces the likelihood of misclassifying patients 
with I-CMP. However, it is noteworthy that this improvement in 
specificity comes at the expense of sensitivity, particularly in ac-
curately identifying all patients with I-CMP. While the inclusion 
of these predictors may enhance our ability to correctly identify 
patients without I-CMP, there may be a corresponding decrease in 
the sensitivity to detect patients developing I-CMP. This trade-off 
necessitates careful consideration of the clinical context and the 
objectives of diagnostic accuracy.

TA B L E  2 Clinical characteristics, electrocardiographic data, echocardiographic data, and coronary angiographic data according to cut-off 
values of fQRS-T and PLR.

Group I (HfHP) (n = 189)
Group II (HfLP or LfHP) 
(n = 237) Group III (LfLP) (n = 212) p

Age (years) 62.71 ± 11.90 58.83 ± 13.24 57.08 ± 11.57 .030

Sex (M/F) 147/42 187/50 168/44 .933

Hypertension (%) 94 (49.7) 116 (48.9) 94 (44.3) .492

Diabetes mellitus (%) 52 (27.5) 48 (20.3) 52 (24.5) .208

Hyperlipidemia (%) 40 (21.2) 52 (21.9) 42 (19.8) .856

PAD (%) 2 (1.1) 6 (2.5) 10 (4.7) .082

I-CMP (%) 81 (42.9) 56 (23.6) 38 (17.9) .001

LVEF (%) 45.00 (35.00–50.00) 45.00 (40.00–54.00) 45.00 (40.00–55.00) .016

Troponin (ng/mL) 50.00 (30.00–68.00) 39.79 (15.56–64.15) 37.40 (9.25–50.00) .005

Creatinine (mg/dL) 0.94 (0.77–1.09) 0.87 (0.73–0.99) 0.88 (0.77–1.01) .036

eGFR (mL/min/1.73 m2) 86.10 (72.50–108.00) 91.00 (75.00–105.00) 94.00 (77.00–109.00) .293

LDL-C (mg/dL) 117.00 (96.75–149.50) 113.00 (97.80–145.00) 110.00 (84.40–134.00) .001

HDL-C (mg/dL) 36.00 (32.00–47.00) 39.00 (34.00–45.70) 38.00 (32.85–46.00) .123

fQRS-T (°) 118.00 (87.49–147.00) 47.00 (25.44–77.04) 31.93 (17.30–47.19) .001

Hematological parameters

Hemoglobin (g/dL) 13.20 (12.10–14.60) 14.00 (12.70–14.80) 14.10 (12.90–15.10) .004

WBC (×10/μL) 11.61 (9.00–15.00) 11.90 (9.59–14.38) 11.66 (9.20–14.30) .548

Neutrophil count (×103/
μL)

9.20 (6.72–12.55) 8.78 (6.80–10.95) 6.87 (5.50–10.10) .001

Lymp. count (×103/μL) 1.50 (1.00–1.90) 2.00 (1.30–2.60) 2.52 (1.80–3.70) .001

Platelet count (×103/μL) 243.00 (195.00–277.00) 241.00 (213.00–284.00) 225.00 (190.00–265.00) .004

PLR 166.87 (132.10–266.66) 124.58 (94.58–182.30) 63.48 (40.25–83.24) .001

Angiographic parameters

Proximal lesion (%) 94 (49.7) 134 (56.5) 102 (48.1) .165

Three vessel disease (%) 39 (20.6) 39 (16.5) 34 (16.0) .412

TIMI flow grade 2.49 ± 0.92 2.71 ± 0.67 2.72 ± 0.68 .001

Abbreviations: eGFR, estimated glomerular filtration rate; fQRS-T, frontal plane QRS-T angle; HDL-C, high density lipoprotein cholesterol; HfHP, 
high fQRS-T and high platelet-to-lymphocyte ratio; HfLP, high fQRS-T and low platelet-to-lymphocyte ratio; I-CMP, ischemic cardiomyopathy; LDL-C, 
low density lipoprotein cholesterol; LfHP, low fQRS-T and high platelet-to-lymphocyte ratio; LfLP, low fQRS-T and low platelet-to-lymphocyte ratio; 
LVEF, left ventricular ejection fraction; Lymp., lymphocyte; PAD, peripheral arterial disease; PLR, platelet-to-lymphocyte ratio; TIMI, thrombolysis in 
myocardial infarction; WBC, white blood counts.
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5  |  LIMITATIONS

The limited number of patients from a single center and the ret-
rospective design of the study are the main limitations. We only 
assessed fQRS-T and PLR on admission. Also, we lacked detailed 
data on the biomarker profile of the study patients, and an inves-
tigation on the association and comparison of prognostic values 
among PLR and other biomarkers of myocyte stress or fibrosis 
was not performed. The viability of myocardium (hibernating or 
stunning myocardium) was not evaluated. Our results cannot be 
generalized to all ACS patients, as the main focus of this study was 
STEMI patients.

6  |  CONCLUSION

The combination of fQRS-T and PLR is more useful in comparison 
to the individual use of fQRS-T or PLR for the prediction of post-
discharge I-CMP in STEMI. Thus, this basic and economical risk 
stratification approach may aid in identifying patients who need 
conventional medical treatment for I-CMP during the initial event, 
with the aim of avoiding the advancement of severe I-CMP.
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