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Abstract:-

Background: Acute Coronary Syndrome (ACS), which is
part of Coronary Artery Disease (CAD), is a major
cardiovascular problem because it causes high
hospitalization rates and high mortality rates. From the
previous study, 80% of NSTEMI patients had multivessel
disease. So, the complexity of the lesions on NSTEMI is
higher than that of STEMI. The SYNTAX score
(SYNergy between percutaneous coronary intervention
with TAXus and cardiac surgery) is a scoring system that
was developed comprehensively to describe the
complexity of coronary arteries from angiographic
results.

Methods: This study is a descriptive analytic study with a
cross-sectional design conducted at the Department of
Cardiology and Vascular Medicine at H. Adam Malik
Hospital Medan by taking data on patients with Non-ST
Evelation Myocardial Infarction (NSTEMI) and
undergoing coronary angiographyfrom January 2019 to
June 2020 and 50 samples were included in this
study.From the ECG examination, the value of the
FQRS-T angle will be measured. Then from the results of
coronary angiography, the SYNTAX score for each
patient will be calculated. Furthermore, statistical
analysis was carried out to see whether there was a
correlation between FQRST and SYNTAX scores in
NSTEMI patients and how strong the correlation was.

Results: The mean SYNTAX score for male subjects was
23.97 £ 10.97, while the mean SYNTAX score for female
subjects was 23.00 + 8.14. The mean SYNTAX score in
subjects with hypertension was 25.87 + 10.07 while in
subjects without hypertension it was 15.30 + 6.58. From
the analysis results obtained significant results between
the FQRTS angle with the SYNTAX score (p = 0.02) with
a positive correlation direction and the strength of the
correlation is moderate (r = 0.43).

Conclusion: There is a relationship between the value of
the FQRST angle and the SYNTAX score in NSTEMI
patients undergoing coronary angiography and in
NSTEMI patients undergoing angiography, the wider the
FQRST angle, the higher the SYNTAX score with
positive correlation and moderate correlation strength.

Keywords:- Frontal QRS-T Angle, SYNTAX Score, NSTEMI.
I. INTRODUCTION

Acute Coronary Syndrome (ACS) which is part of
Coronary Artery Disease (CAD) is a major cardiovascular
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problem because it causes high hospitalization rates and high
mortality rates.? ACS is a life-threatening condition and can
occur suddenly in patients with atherosclerotic coronary
artery disease. This syndrome consists of a conditions
ranging from Unstable Angina Pectoris (UAP) to Acute
Myocardial Infarction (AMI), which is irreversible necrosis
of heart muscle.>* The occurrence of ACS is caused by an
acute disturbance of coronary blood flow, both partial and
total, to the myocardium. ACS consists of Unstable Angina
Pectoris (UAP), Non-ST Elevation Myocardial Infarction
(NSTEMI), and ST Elevation Myocardial Infarction
(STEMI).5

NSTEMI, which is a part of ACS, varies across
countries. The Euro Heart Survey, a study based in 25
countries, showed an NSTEMI incidence of 58% with a
mortality during hospitalization of 2.8%.6 Meanwhile, based
on the CRUSADE (Can Rapid Risk Stratification of Unstable
Angina Patients Suppress ADverse Outcomes with Early
Implementation of the ACC/AHA Guidelines) registry, the
mortality rate during treatment at NSTEMI is 4.2%.” An even
higher mortality rate is shown by the Global Registry of
Acute Coronary Events (GRACE) study, which is 5% during
treatment and increases after 6 months of treatment, reaching
6.2%-7.3%."8Terkelsen et al (2005) showed that the 1-year
mortality rate in NSTEMI patients was 30.5% with an
advanced age presentation and many comorbidities, such as
diabetes mellitus.®

From the previous study, 80% of NSTEMI patients had
multivessel disease. So the complexity of the lesions on
NSTEMI is higher than that of STEMI. The SYNTAX score
(SYNergy between percutaneous coronary intervention with
TAXus and cardiac surgery) is a scoring system that was
developed comprehensively to describe the complexity of
coronary arteries from angiographic results. The SYNTAX
score was created taking into account the number of lesions
and their functional consequences, location, and complexity.
A higher SYNTAX score indicates a more complex disease
and a poorer prognosis. This score helps make a decision
whether to perform Coronary Artery Bypass Surgery
(CABG) or Percutaneous Coronary Intervention (PCI). In
patients with low (<23) and intermediate (23-32) SYNTAX
scores, the clinical outcome was almost the same between
PCIl and CABG. However, in patients with a SYNTAX score
of more than 32, the clinical outcome was better with CABG
at 12 months. The SYNTAX score has also been shown to be
a predictor of mid-term outcome after PCI in patients with
occlusion of all 3 coronary arteries and can be used to help
select a revascularization strategy in patients with occlusion
of all 3 coronary arteries.0!!
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Although there are still few, there are several studies
linking the Frontal QRS-T (FQRST) angle with the
SYNTAX score. Dogan et al (2018) studied 340 patients with
a diagnosis of STEMI and found that the FQRST angle
predicts CAD severity based on the SYNTAX score and is
associated with atherosclerotic burden after PCI. Another
study from Erdogan et al (2020) said that the FQRST angle
can predict atherosclerotic load in NSTEMI patients. From
these two studies, it is said that further research is still needed
in this regard.1t12

Il. METHODS

This study is a descriptive analytic study with a cross-
sectional design carried out at the Department of Cardiology
and Vascular Medicine at H. Adam Malik General Hospital
Medan by taking data on patients with Non ST Elevation
Myocardial Infarction (NSTEMI) and undergoing coronary
angiography from January 2019 to June 2020. There were
100 patients who met the inclusion criteria and exclusion
criteria. Then out of 100 patients, randomization was done.
So that 50 samples were included in this study.

The inclusion criteria in this study were patients with a
diagnosis ofNSTEMI who were treated atH. Adam Malik
General Hospital Medan and underwent coronary
angiography procedures during hospitalization and had never
undergone PCl and CABG procedures before. While the
exclusion criteria in this study were patients with incomplete
medical record data, patients who had undergone previous
PClI and CABG procedures, patients with a history of
congestive heart failure, patients who had a history of severe
heart valve disease, congenital heart disease, cardiomyopathy
or heart disease. others, patients with acute or chronic
inflammatory disease (eg rheumatoid arthritis), malignancy,
anemia, chronic renal failure, hepatic impairment, sepsis,
patients with chronic obstructive pulmonary disease (COPD),
patients admitted with cardiogenic shock, patients with ECG
Right Bundle Branch Block (RBBB), Left Bundle Branch
Block (LBBB), and pace maker rhythms, and patients
withunclear QRS and T axes from electrocardiography
(ECG).

From the total number of samples, data were collected
from the patient's medical records in the form of anamnesis,
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electrocardiography, laboratory, and coronary angiography.
From the ECG examination, the value of the FQRS-T angle
will be measured asthe value of the difference between the
frontal plane QRS and T axes for each patient. Then from the
results of coronary angiography, the SYNTAX score for each
patient will be calculated. Furthermore, statistical analysis
was carried out to see whether there was a correlation
between FQRST and SYNTAX scores in NSTEMI patients
and how strong the correlation was.

Data processing and statistical data analysis using
statistical computer tools. Numerical variables are
represented by mean=SD for data with normal distribution
and median (minimum-maximum) for non-normally
distributed data. Categorical variables are represented by
number or frequency (n) and percentage (%). Data normality
test used Kolmogorov-Smirnoff for a total sample of more
than 50 or used Saphiro-Wilk for a total sample of less than
50. To assess the hypothesis whether there is a relationship
between the FQRST angle and the SYNTAX score
wichobtained from coronary angiography, Pearson
correlation test for normally distributed numerical data or
Spearman correlation test for abnormally distributed data is
used. It is said that the relationship between the two variables
will be statistically significant if the p value is less than 0.05.
After obtaining the relationship between the variables
(FQRST angle and SYNTAX score), proceed with testing the
strength of the relationship between the two variables which
is expressed by the correlation coefficient (r).

Il. RESULTS

This study involved 50 patients with Non STElevation
Myocardial Infarction (NSTEMI) who met the study
inclusion criteria and underwent randomization. Of the 50
research subjects, the majority were male around 39 people
(78%) with an average age of 54.94 + 8.95 years. The
patient's median height was 165 cm (150-177 cm) with a
median weight of 68 kg (50-155 kg) and the median body
mass index was 25.33 (18.4-38.4) Kg/m2. The patient's
median systolic blood pressure was 130 mmHg (100-200
mmHg) with a diastolic blood pressure of 80 mmHg (60-110
mmHg). From the characteristics of the risk factors, 40 (74%)
people found hypertension, 26 (52%) diabetes mellitus, and

physical examination, echocardiography, 35 (70%) smoking.

Characteristics Value
Gender

Male (%) 39(78%)

Female (%) 11(22%)
Age (years) 54.94+8.95
Height (cm) 165(150-177)
Weight (Kg) 68(50-115)
BMI (Kg/m? 25.33(18.4-38.4)
SBP (mmHg) 130(100-200)
DBP (mmHg) 80(60-110)
Hypertension

Yes 40(80%)

No 10(20%)
DM

Yes 26 (52%)

No 24 (48%)
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Smoking
Yes
No
Hb (13-18 g/dL)
Platelets (150000-450000/pL)

Leukocytes (4000-11000/pL)
Ureum (19-44 mg/dL)
Creatinin (0.7-1.3 mg/dL)

Blood Glucose Level (< 200 mg/dL)

Troponin | (< 0.002ng/mL)
CK-MB (<24 U/L)

Total Cholesterol (< 200mg/dL)
Triglyceride (< 150 mg/dL)

35(70%)
15(30%)
13.22(9.6-17.7)
266000(157000-
563000)
11205(4670-20310)
32.5(11-90)

0.99 (0.54-4.04)
120(78-384)
1.7(0.12-26.2)
47.5(11-123)
201(118-296)
150(73-347)

HDL (> 40 mg/dL) 35(25-57)
LDL (< 130 mg/dL) 144.5(66-226)
LVEF (%) 45(25-65)
Coronary Angiography
1vD 7(14%)
MVD 43(86%)
SYNTAX score 23.76+£10.34
Low 21 (42%)
Moderate 23 (46%)
High 6 (12%)
FQRST angle (°) 72.5(6-179)
QTc (ms) 440(382-547)

Table 1: Characteristics of Research Subjects

From the laboratory examination, the median value of
hemoglobin was 13.22 (9.6-17.7) g/dL, the median value of
platelets was 266000/ L (157000-563000/ L), the median
leukocyte value was 11205/ L (4670-20310/ L). . On
examination of kidney function, the median value of urea
was 32.5 (11-90) mg/dL, and the median value of creatinine
was 0.99 (0.54-4.04) mg/dL. From the examination of blood
sugar levels, the median value was 120 (78-384) mg/dL. On
cardiac enzyme examination, the median value of troponin |
was 1.7 (0.12-26.2) ng/mL, while the median value of CK-
MB was 47.5 (11-123) U/L. On examination of the lipid
profile, the median value of total cholesterol was 201 (118-
296) mg/dL, the median value of triglycerides was 150 (73-
347) mg/dL, the median value of HDL was 35 (25-57)
mg/dL, and the mean value of HDL was 35 (25-57) mg/dL.
the median LDL was 144.5 (66-226) mg/dL.

From the echocardiography examination, it was found
that the median value of the left ventricular ejection fraction
was 45 (25-65) %. In this study, from the results of coronary
angiography, 7 (14%) patients had 1 Vessel Disease (VD),
while 43 (86%) had Multi Vessel Disease (MVD). From the
measurement of the SYNTAX score, it was found that the
average score was 23.76+10.34. Patients with low SYNTAX
scores were found as many as 21 people (42%), moderate as
many as 23 people (46%), and high as 6 people (12%). From
the ECG data, the median value of the QRS-T angle in the
frontal plane (FQRST) is 72.5 (6-179) with the median
value of QTc is 440 (382-547) ms.
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In the bivariate analysis of categorical variables from
the characteristics of the research subjects with the
SYNTAX score, the mean SYNTAX score for male subjects
was 23.97 + 10.97 while the mean SYNTAX score for
women was 23.00 £ 8.14. The mean SYNTAX score in
subjects with hypertension was 25.87 + 10.07 while in
subjects without hypertension it was 15.30 + 6.58. A
significant difference was found between subjects with
hypertension and those without hypertension (p = 0.001).
The median SYNTAX score in DM subjects was 26.75 (8.0
— 54.5) while in subjects without DM it was 20.50 (7.0 —
30.0). A significant difference was also found between
subjects with DM and those without DM (p = 0.009). The
mean SYNTAX score in subjects who smoked was 25.90 +
10.37 while that of subjects who did not smoke was 18.77 +
8.65.A significant difference was found between smokers
and non-smokers (p = 0.017).

The median SYNTAX score in subjects with coronary
angiography was 1 VD 9.00 (7.0 — 15.0) while in subjects
with multi vessel disease it was 25.5 (8.0 — 54.5). There was
also a significant difference between coronary angiography
with the results of 1 VD and multi vessel disease (p <
0.001). In the bivariate analysis of the numerical variables of
the characteristics of the research subjects with the
SYNTAX score, significant results were found. Complete
data are presented in tables 2 and 3.
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Characteristics SYNTAX score p Value

Gender
Male 23.97 +£10.97 0.75°
Female 23.00 £8.14

Hypertension
Yes 25.87 £ 10.07 0.001®
No 15.30 + 6.58

DM
Yes 26.75 (8.0 — 54.5) 0.009°
No 20.50 (7.0 -30.0)

Smoking
Yes 25.90 + 10.37 0.0172
No 18.77 £ 8.65

Coronary Angiography
VD 9.00 (7.0 - 15.0) <0001
MVD 25.5 (8.0 — 54.5)

Table 2: Bivariate Analysis of Research Subject Characteristics with SYNTAX scores (Category)
2T Independent test ® MannWhitney test

Characteristics Value p Value
Age (years) 54.94+8.95 0.11°
Height (cm) 165(150-177) 0.07¢
Weight (kg) 68(50-115) 0.47¢
BMI (kg/m?) 25.33(18.4-38.4) 0.96¢
SBP (mmHg) 130(100-200) 0.67¢
DBP (mmHg) 80(60-110) 0.41¢
Hb (13-18 g/dL) 13.22(9.6-17.7) 0.25¢
Platelets (150000-450000/pL) 266000(157000-563000) 0.54¢
Leukocytes (4000-11000/uL) 11205(4670-20310) 0.81¢
Ureum (19-44 mg/dL) 32.5(11-90) 0.28¢
Creatinin (0.7-1.3 mg/dL) 0.99 (0.54-4.04) 0.68¢
KGD (< 200mg/dL) 120(78-384) 0.67¢
Troponin | (< 0.002 ng/mL) 1.7(0.12-26.2) 0.23¢
CK-MB (<24 U/L) 47.5(11-123) 0.26¢
Total Cholesterol (< 200 mg/dL) 201(118-296) 0.96¢
Triglyceride (< 150 mg/dL) 150(73-347) 0.28¢
HDL (> 40 mg/dL) 35(25-57) 0.74¢
LDL (< 130 mg/dL) 144.5(66-226) 0.47¢
LVEF (%) 45(25-65) 0.05¢
FQRST angle (°) 72.5(6-179) 0.02¢
QTc (ms) 440(382-547) 0.1¢

Table 3: Bivariate Analysis of Research Subject Characteristics with SYNTAX scores (Numeric)
°Pearson Correlationtest 9Spearman Correlation test

Based on the conformity test with Bland-Altman, the limit of agreement value does not exceed the specified value. The limit
of agreement for SYNTAX score in this study is 2.
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Fig. 1: Graph of the suitability of the SYNTAX interobserver score assessment

Based on the conformity test with Bland-Altman, the limit of agreement value does not exceed the specified value. The limit
of agreement for FQRST value in this study is 5.
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Fig. 2: Graph of the suitability of the interobserver FQRST assessment
To assess the relationship between the FQRST angle results between the FQRTS angle with the SYNTAX score
and the SYNTAX score, Spearman correlation analysis was (p = 0.02) with a positive correlation direction and the
performed because the data distribution was not normally strength of the correlation is moderate (r = 0.43).

distributed. From the analysis results obtained significant

SYNTAX score
fQRST score r= 0,43
p=0,02
n =50
Table 4: Results of Spearman Correlation Analysis

The correlation test was then followed by a linear regression test to determine the equation of the relationship between the
QRST frontal angle and the SYNTAX score. From statistical analysis obtained equation
SYNTAX score = 0.078 * frontal angle QRST + 17.326
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Fig. 3: FQRST linear regression graph with SYNTAX score

IV. DISCUSSION

The FrontalQRS-T angle (FQRST) is an easily
measured electrocardiographic parameter, defined as the
angle between the QRS frontal electrical axis and the T
wave, both of which are routinely measured using standard
electrocardiographic diagnostic software. This angle is an
approximation of the QRS-T spatial angle, which is the
angle of the spatial axis of ventricular depolarization and
repolarization. A larger angle represents a greater
discordance between depolarization and repolarization. This
represents the abnormality and heterogeneity of ventricular
repolarization. Abnormalities in ventricular repolarization
result from damage or the presence of inhomogeneous areas
of the myocardium, which indicates a more serious
disease.®

In ischemic conditions, inhomogeneous areas of the
myocardium lead to an imbalance of electrical activation
and ventricular restoration. So that the axis of the QRS wave
and the axis of the T-wave are no longer aligned and
therefore the QRS-T angle will widen. Normally, the
direction of the depolarization axes of the myocardium and
the repolarization axes havea closer orientation. Thus, the
FQRST angle tends to be narrow (<45°).%4

Treatment with CABG is preferred over PCI in the
treatment of three-vessel disease and SYNTAX score > 23.
In patients with lower SYNTAX scores, PCI is preferred
because it is considered the most proportional
alternative.’>The application of the SYNTAX score is very
important because it can describe the complexity of
coronary artery lesions in NSTEMI patients who have more
complex lesions. Patients with relatively higher SYNTAX
scores had poorer cardiovascular clinical outcomes.'®” In
addition, the higher the SYNTAX score, the worse the
cardiovascular clinical outcome and the more complex the
CAD case.'®

This study is a descriptive analytic study with a cross-
sectional design that looks at the correlation between
FQRST and SYNTAX scores in NSTEMI patients. In this
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study, there were significant results between the FQRST
angle and the SYNTAX score (p = 0.02) with a positive
correlation direction and moderate correlation strength (r =
0.43) in NSTEMI patients. The relationship between
FQRST and CAD severity based on the number of vessels
or localization of the involved lesion has been studied
previously. Erdogan et al in 2020 conducted a study on this
subject. They stated that in NSTEMI patients, apart from
age and infarcted arteries, the baseline FQRST value was
also an independent predictor of coronary atherosclerotic
burden as assessed by the high-intermediate SYNTAX score
(>23). The study also obtained significant results (p<0.001)
with a positive direction of correlation and moderate
correlation strength (r = 0.49) between FQRST and
SYNTAX scores in NSTEMI patients. The cut-off value of
FQRST for detecting a SYNTAX score 23 is 73.5°. Erdogan
et.al found that the mean value of FQRST in NSTEMI
patients (100.5°+55.3°) was found to be higher than that of
STEMI patients (81°) in other studies, indicating the
presence of a more serious and complex disease in patients
with NSTEM]I.11:12

The high atherosclerotic burden on NSTEMI
manifested in the SYNTAX score causes ischemia. This
gives rise to heterogeneity of depolarization and
repolarization which is described by widening of the
FQRST angle. Erdogan et al stated that the widening of the
baseline FQRST value in NSTEMI patients was related to
the extent of myocardial scar tissue regardless of the
localization of myocardial infarction. Thus, early
recognition of the severity of CHD can assist in planning
revascularization methods. In this regard, the use of FQRST
can help stratify patients prior to coronary angiography.*

In the study of Palaniswamy et.al, it was found that the
prevalence of CAD with 2 or 3 vessel obstruction was
significantly higher in patients with a QRS-T planar angle
>90° than in patients with a QRS-T planar angle <90°. The
QRS-T planar angle is defined as the angle between the
vector maximum of the QRS wave and the T wave in the
frontal plane. The planar QRS-T angle was found to be a
risk factor for obstructive CAD in 2-3 vessels with an odds
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ratio of 7.2 (p<0.0001) so from these data it was found that
the QRS-T angle can be used in patients with a high
suspicion of obstructive CAD.®Walder and Spodick
reported that global T wave inversion (spatial T vector) can
differentiate patients with obstructive CAD from CAD
without obstruction.?*

In Colluoglu et al.'s study, patients with a baseline
QRS-T angle of 95.6° were found to have significantly more
three vessel disease than patients with a baseline FQRST
angle of <95.6° among STEMI patients. Patients with
baseline FQRST 95.6° were also more frequently found to
have proximal vessel disease. In addition, Colluoglu et.al
detected that a decrease in the value of the FQRST angle
after thrombolytic therapy was associated with successful
reperfusion.?

Contrary to the results of this study, Raposeiras-
Roubin et al. reported that there was no association between
FQRST and multivessel CAD in a study involving
myocardial infarction patients with reduced LVEF values
(<40%).* However, in the study of Lown et.al, it was found
that a wide FQRST angle (> 90) is a good marker that can
describe long-term mortality in patients with left ventricular
systolic dysfunction after acute myocardial infarction. The
use of FQRST appears to be an interesting tool for predicting
mortality among a broad spectrum of Acute Myocardial
Infarction (AMI) patients.® In addition, baseline and post-
procedure FQRST values can predict in-hospital mortality in
patients with acute AMI. Dogan et.al demonstrated that
FQRST is an independent predictor of coronary
atherosclerotic burden in STEMI patients.*?

In the study of Gotsman et al., it was found that the
FQRST angle can be a strong predictor for assessing clinical
outcomes, including all-cause mortality and cardiac-related
care. This predictive value was found in both patients with
reduced and preserved left ventricular function.’* Two
previous studies found that the FQRST angle can be a
predictor of the incidence of arrhythmias in patients with
advanced HF and systolic dysfunction.?* The research of
Gotsman et.al also revealed that the FQRST value can still
be applied to the general population with heart failure with
significant predictive value.'®

From the data on the characteristics of the research
subjects, there were significant differences between subjects
with hypertension and those without hypertension. The
hypertensive population had a higher SYNTAX score (25.87
+ 10.07) than the non-hypertensive (15.30 *+ 6.58) (p =
0.001). From another study conducted by El Kersh et al, it
was also found that there was a significant difference
between the hypertensive population and the non-
hypertensive population. Where the hypertensive population
had a higher SYNTAX score with a mean of 20 £ 7.2 while
the non-hypertensive population had a SYNTAX score with
a median value of 10 (10-15) (p = 0.003).%

In the characteristics of the research subjects, there
were also significant differences between subjects with DM
and subjects without DM. Subjects with DM were found to
have a higher SYNTAX score with a median value of 26.75
(8.0-54.5) compared to subjects without DM with a median
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value of 20.50 (7.0-30.0) (p = 0.009). In another study
conducted by ElKersh et al, there was also a significant
difference between subjects with DM and subjects without
DM. DM subjects had a higher SYNTAX score with a mean
of 24.4 £ 5.5 than those without DM with a median value of
12 (10-18) (p < 0.001). In this study it was said that DM was
associated with the complexity of CAD and was an
independent risk factor of CAD.?®

From the characteristics of the research subjects, it was
also found that there were significant differences between
subjects who smoked and those who did not. Subjects who
smoked had a higher SYNTAX score than those who did
not. The mean score of SYNTAX was 25.90 £ 10.37 in
subjects who smoked while in subjects who did not smoke,
the mean score of SYNTAX was 18.77 + 8.65 (P = 0.01). In
another study conducted by El Kersh, there were also
significant differences between subjects who smoked and
those who did not. Subjects who smoked had a mean score
of SYNTAX 20.1 + 7.3 higher than non-smokers with a
median value of 15 (10-21.5) (p = 0.006). In this study,
smoking was found to be an independent risk factor for the
complexity of CAD.%

V. CONCLUSION

From this study, it can be concluded that the QRS-T
examination in the frontal plane is a non-invasive,
inexpensive, and very easy examination as a tool for
predicting the severity of CA21D, especially in NSTEMI
patients. There is a relationship between the value of the
FQRST angle and the SYNTAX score in NSTEMI patients
undergoing coronary angiography (p = 0.02) and in
NSTEMI patients undergoing angiography, the wider the
FQRST angle, the higher the SYNTAX score with a positive
correlation and moderate correlation strength (r = 0,43).
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