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ABSTRACT 

Background: The frontal QRS-T angle is the angle between ventricular 
depolarization and repolarization. The QRS-T angle abnormalities will mirror 
the electrical instability, placing the patient in high risk of cardiac arrhythmia 
and sudden cardiac death. This study was conducted to analyzed as if the 
QRS-T angle will predict the myocardial perfusion defect in acute ST 
elevation myocardial infarction (STEMI). 
 
Methods: This is a cross sectional study which conducted in patients with 
previous history of STEMI in H. Adam Malik General Hospital Medan from 
June 2018 until March 2020. The patients will then be undergoing 
electrocardiography (ECG) and myocardial perfusion scintigraphy (SPECT) to 
acquire the frontal QRS-T angle and myocardial perfusion defect score. 
 
Results: Over 40 patients with prior STEMI we found the frontal QRS-T angle 
has a positive moderate correlation (r = 0,543; p < 0,001) with myocardial 
perfusion defect. The best cut-off value for frontal QRS-T angle to predict 
myocardial perfusion defect is >70o with sensitivity and specificity of 70.6% 
and 82.6%, respectively. 
 
Conclusions: The frontal QRS-T angle is an independent predictor for 
myocardial perfusion defect in patient with previous history of STEMI. 

INTISARI 

Latar Belakang: Sudut gelombang QRS – T bidang Frontal merupakan sudut 
antara arah depolarisasi dan repolarisasi ventrikel. Kelainan pada sudut QRS-
T dapat mencerminkan ketidakstabilan listrik, menempatkan pasien pada 
risiko tinggi untuk aritmia ventrikel dan kematian jantung mendadak. Tujuan 
penelitian ini adalah untuk mengetahui apakah Sudut Gelombang QRS – T 
bidang Frontal dapat memprediksi defek perfusi miokard pada pasien infark 
miokard akut dengan elevasi segmen ST (IMA-EST). 
  
Metode: Penelitian ini merupakan suatu studi potong lintang terhadap 
pasien dengan riwayat IMA-EST di Rumah Sakit H. Adam Malik Medan sejak 
Juni 2018 sampai maret 2020. Subjek selanjutnya dilakukan 
elektrokardiografi (EKG) dan sidik perfusi miokard (SPECT) untuk 
mendapatkan sudut QRS-T bidang frontal dan nilai defek perfusi miokard. 
  
Hasil: Dari 40 orang pasien dengan riwayat IMA-EST didapatkan sudut 
gelombang QRS – T bidang frontal memiliki korelasi positif dengan kekuatan 
korelasi moderate (r = 0,543; p < 0,001) terhadap defek perfusi miokard. 
Titik potong sudut gelombang QRS-T terbaik dalam memprediksi  
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defek perfusi miokard yaitu > 70o dengan sensitifitas 70,6% dan spesifisitas 
82,6%. 
 
Kesimpulan: Sudut gelombang QRS – T bidang frontal merupakan penentu 
independent untuk defek perfusi miokard pada pasien dengan riwayat IMA-
EST.

Introduction 

Coronary artery disease is a major cause of death among 
individuals around the world. In China, every year cases of 
coronary artery disease and its mortality increased. Acute 
coronary syndrome is a severe type of coronary artery 
disease which should diagnosed rapidly, treated with anti-
platelet and needed early revascularization. ACC/ AHA and 
ESC has reported an importance of early diagnosis and 
revascularization benefits. The treatment based on CAD 
therapeutic guidelines can reduce mortality. Hospitals and 
primary health created Coronary Care Unit (CCU) to treat 
patients with high mortality of CAD, such as STEMI and 
NSTEMI. In 2013, the prevalence rate of coronary artery 
disease was 0,5 % among 883.447 people. The prevalence 
rate of coronary artery disease based on doctor diagnosis 
and patient symptoms was 1,5% among 2.650.340 people.2 

Left ventricle disfunction remains one of the best prognostic 
determinants of survival in the patient with coronary artery 
disease. The myocardial injury occurred after permanent 
infark primarily. However, some of myocardial tissue 
remained viable and contractility may be restored after 
revascularization. The left ventricle systolic function, which 
reduced due to ischemia, will show a worse outcome. 
However, not every myocardium improves with 
revascularization, viability testing has been studied and 
utilized.3 Single-Photon Emission CT (SPECT) used 
radionuclide-labelled tracer to measure the regional tracer 
of myocardiac and measure viability by determining 
percentage of peak uptake of the tracer. This can be 
interpreted with rest images only or stress/rest testing 
protocol. The most common tracer used are 99mTc-sestamibi 
or 201TI. Both tracers have been shown to have comparable 
result in predicting recovery of resting defect. The 
radiotracers absorbed into the myocyte with intact cell 
membrane. The prognostic value of single-photon emission 
computed tomography myocardial perfusion imaging 
(SPECT MPI) has been shown better in patient with 
suspected or confirmed CAD and patient with STEMI, which 
was treated by trombolysis.4 

The frontal QRS-T angle (FQRST), defined as the absolute 
difference between the QRS and T-wave axis in 12-leads ecg, 
is a sign of ventricle repolarization. The abnormality of QRS-
T shows an unstability of electrical impulses, which 
categorized patients as high risk of ventricular arrythmia or 
sudden death. Although myocardial infarct is a major 
structural heart disease that can change ventricular 
repolarization, the relationship between severity of 
perfusion myocardiac defect and QRS-T angle still need a 
further study. Myocardial perfusion, which determined by 
SPECT and ECG, is a unique modality to evaluate myocardial 
perfusion and left ventricular function simultanly. In this 
study, we tried to evaluate the effect of myocardial perfusion 

defect in frontal QRS-T angle and myocardial perfusion by 
SPECT in coronary artery disease.5 

Study Design and Population 

This study was a cross sectional study which evaluated 
frontal QRS-T angle from electrocardiography as a 
diagnostic parameter of myocardial infarct area using 
myocardial SPECT in STEMI patient. We evaluated 40 
patients with previous STEMI, which the first onset occurred 
within 12 months before, using cardiac SPECT imaging in 
Haji Adam Malik General Hospital. The subject collected 
during June 2018 - March 2020. The inclusion criteria were 
patient with previous STEMI, which the first onset occurred 
minimum since 12 months ago, agreed to perform SPECT 
and approved to sign the informed consent. The exclusion 
criteria were patient with bundle branch block (BBB), 
patient with severe valve disease, patient with Coronary 
Artery Bypass Graft history, patient with worsen heart 
failure symptoms during SPECT procedure. 

Single-Photon Emission Computed Tomography 
Myocardial Perfusion Imaging (SPECTMPI) 

Cardiac SPECT procedure using radio pharm 1 day Tc-99m 
Sestamibi protocol with pharmacological stress express by 
Dobutamine. SPECT procedure performed with ECG gated 
rotating 90o fixed dual-head gamma camera (Philips 
Medical System, Cleveland). We used 5-10 mcg/kg/min 
intravenous dobutamine within 3 minutes interval up to 
maximum dosage 40 mcg/kg/min. The radio pharm was 
injected during the peak of heart rate (85% from maximum 
predicted heart rate) and intravenous dobutamine 
continued a minute after the injection. The procedure would 
be stopped if the patient had worsened symptoms (such as 
chest pain, vertigo, sweating, tachycardia or shortness of 
breath), hemodynamic disturbance, or malignant ECG 
changes and the patient would be excluded. 

Analysis of myocardial perfusion by SPECT 

By performing SPECT procedure, we analyzed myocardial 
perfusion by visualized assessment and semiquantitative 
score. The result would be analyzed by AutoQuant software 
developed by Cedars-Sinai Medical Centre (Los Angeles, 
California). Semiquantitative score included Summed Stress 
Score (SSS), Summed Rest Score (SRS) and Summed 
Difference Score (SDS), which could be related in this 
formula SDS = SSS- SRS. Summed Redistribution Score (SRS) 
is a score which can be used to evaluate the percentage of 
myocardial perfusion defect using this formula; MPD (%) = 
SRS x 100.68. The result of SPECT would be interpreted by 
Nuclear Specialist and Cardiologist. 
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Electrocardiography (ECG) 

Electrocardiography was recorded with paper speed 25 and 
50 mm/sec and an amplification 10 mm/mV in supine 
position. QRS-T angle measurement was performed by 
calculated the difference between QRS axis and T wave axis 
in lead I and aVF. The calculation was performed by using 
millimeter block, or could be found in ECG machine using 
Bionet Cardiotouch 3000 electrocardiography. The result of 
QRS-T angle that we count by using millimeter block were 
validated by two cardiology consultants. 

Data analysis 

Categorical variable is shown as frequencies and 
percentages. Numeric variables are shown as mean and 
standard deviation. The Spearman correlation were 
performed to analyze the correlation of frontal QRS-T angle 
with Summed Redistribution Score (SRS). If the correlation 
shown a significant relationship between the variables, cut-
off point would be analyzed using ROC (Receiver Operating 
Characteristic). The cut-off point of frontal QRS-T angle 
would be used to analyzed the area of infarct in cardiac 
SPECT. Bivariate analysis was performed to analyzed the 
frontal QRS-T angle with myocardial perfusion scintigraphy 
parameters using SPECT by Chi-square and Fisher’s Exact 
Test. The T-independent test were assessed to measure the 
cathacteristics difference in normally distributed data. In 
contrary we used Mann Whitney test to analyzed the non-
normally distributed data. The statistic was performed by 
statistical software. The analysis was considered 
statistically significant if the p value < 0.05. 

Results 

The study was included 40 patients with STEMI that fulfil 
the inclusion criteria. The majority gender of subjects was 
39 male (95%) whose age between 54,6 ± 7,32 years. The 
patients with anterior STEMI were 26 people (65%) and 
inferior STEMI were 14 people (35%). Based on risk factors 
characteristics, Patients with Diabetes Mellitus were 18 
people (45%), 26 people were dealing with hypertension 
(65%), 36 people were smokers (90%). Patient with 
CAD3VD were 19 people (47,5%). Based on SPECT 
myocardial perfusion data, the mean of SSS was 19,9 ± 10,57 
with the mean of %SS 28,9 ± 15,52. Whereas, the SRS mean 
was 15,7 ± 9,86 with mean RS (MPD) 22,9 ± 14,50, and SDS 
was SDS 3,5 ± 3,21 with mean %DS 4,9 ± 4,7. The frontal 
QRS-T angle mean by ECG was 66,8 ± 40,39 with mean 
ejection fraction 44,2 ± 11,79. Patients who performed 
revascularization were 21 people (52,5%). The 
revascularization time > 12 hours were 16 people (40%). 
Patient with revascularization time < 12 hours were 5 
people (12,5%). (Table 1) 

The ROC curve analysis was performed to assess the cut-
off point of FQRST angle to predict infarct area (MPD). 
The area under the curve (AUC) was 79,7%. FQRST angle 
> 70o has a 70,6% sensitivity and 82,6% specificity to 
predict large infarct area (MPD > 22,8). (Figure 2) (Table 
2) 

 

Pearson Corelation analysis was performed to show a 
relationship of FQRST with MPD. We found a positive 
corelation between FQRST and MPD. (Figure 1) 

 
Table 1. Baseline Characteristics 

Characteristics N = 40 
Age 54,6 ± 7,32 
Gender  

Male 38 (95%) 
Female 2 (5%) 

Diagnosis  
STEMI Inferior 14 (35%) 
STEMI Anterior 

Risk Factor 
26 (65%) 

Diabetes Mellitus 18 (45%) 
Hypertension 26 (65%) 
Smoker 36 (90%) 
CAD3VD 19 (47,5%) 
Myocardial Perfusion 
SPECT 

 

SSS 19,9 ± 10,57 
%SS 28,9 ± 15,52 
SRS 15,7 ± 9,86 
%RS (MPD) 22,9 ± 14,50 
SDS 3,5 ± 3,21 
%DS 4,9 ± 4,7 

FQRST 66,8 ± 40,39 
EF 
>50% 
<50% 

44,2 ± 11,79 
17 (42,5%) 
23 (52,5%) 

Revascularization 21 (52,5%) 
>12 hours 16 (40%) 
<12 hours 5 (12,5%) 

 
 

 
Figure 1. Scatter Plot Chart of FQRST with %RS (MPD) 

 

The mean of FQRST angle patient with reduced EF (<50%) 
was 84,24 ± 40,35. The mean of FQRST angle with 
preserved EF (>50%) was 37,80 ± 17,54 with p value 
<0,001. The mean of FQRST angle with anterior area 
was72,5 ± 41,75 with mean of inferior area 56,2 ± 36,82 (p 
= 0,227). Whereas, the mean of FQRST angle who have been 
performed revascularization was 64,8 ± 44,53, and 69,1 ± 
36,34 with patient who did not undergone revascularization 
(p=0.227). 

y = 0.1951x + 9.8399
R² = 0.295 ; p < 0,001
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Figure 2. FQRST with MPD ROC Curve 

 
Table 2. Area Under The Curve of FQRST 

Para-
meters 

AUC 
Cut-
off 

p Sens Spec NPV PPV 

FQRST 79,7 % 70o 0.002 70,6 % 82,6 % 75% 79,1% 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3.  Relationship between frontal QRS-T angle 

(FQRST) with ejection fraction (EF), infarct location and 
revascularization. 

 

Discussion 

In this study we found the positive correlation (p < 0,001) 
with moderate strength correlation (r = 0,543) between 
frontal QRS-T angle (FQRST) and myocardial perfusion 
defect (MPD) in STEMI patients. The previous study by 
Kurisu S et.al suggested a similarity with a positive 
correlation (p < 0,001) with moderate strength correlation 

(r = 0,62) between FQRST and MPD in anterior STEMI. 
When the imbalance electrical activation and ventricular 
recovery occurred, the QRS axis and T wave axis no longer 
consistent so the QRS-T angle will be widened. Frontal QRS-
T angle would be easily measure by 12 leads ECG with the 
differences of absolute value between frontal QRS axis and 
frontal T wave axis. Frontal QRS-T axis is contributed with 
prediction of abnormal repolarization stages before direct 
ECG changes occurred, and proven to predict mortality in 
common population, diabetes mellitus, congestive heart 
failure and coronary artery disease patients.5 The 
abnormality of QRS-T angle may be correlated with 
underlying structural disease. A new present study showed 
patients with abnormal QRS-T angle have been suffered 
prior myocardial infarction often than patient with normal 
QRS-T angle in diabetic population.6 Sudden cardiac death 
mostly occurred due to ventricular arrythmia, over 50% of 
the other cardiovascular death.7 Previous study using 
cardiac magnetic resonance (CMR) as a diagnostic tools to 
analyzed the relationship of myocardial scar size and 
ventricular arrythmia, which was performed by Zeidan-
Shwiri T et al. 2015, found patients with prior myocardial 
infarction who performed implantable cardioverter 
defibrillator (ICD), had been showed a grey zone and 
myocardial infarction center were a good predictor to 
determine the usage of ICD therapy effectively.8 Scott et al. 
2013 cohort study reported that the wide area of left 
ventricular scar is associated with ventricular arrythmia in 
patients treated using ICD.9 The result of the several study 
shown the widen of QRS-T angle is comparable to 
myocardial perfusion defect (MPD) area size, as described 
in this study. Based on the previous study and our study, we 
suggest that frontal QRS-T angle might be useful to predict 
ventricular arrythmia in patient with previous STEMI 
history. Among female population, the risk of cardiovascular 
disease was shown if QRS-T angle > 60o. The risk was highly 
significant increased if the angle >90º, and will be flattened 
over this angle. The risk will be increase with angle >1200, 
and highly significant increase if the angle > 150o.10 Frontal 
QRS-T angle is calculated by measuring the difference 
between QRS-T wave axis and T-wave axis in 180o, with 
normal category < 90o, and abnormal > 100o.11 We found the 
cutoff point of frontal QRS-T angle to show Myocardial 
Perfusion Defect (MPD) was > 70o ,with 70,6% sensitivity 
and 82,6% specificity in predicting the wide area of 
myocardial infarct. Previous study was showed the cut-off 
point, sensitivity and specificity of frontal QRS-T angle. 
Darmawan IK 2019 showed the cut-off point of frontal QRS-
T angle to determine the left ventricle systolic dysfunction 
was > 75o with 81% sensitivity dan 87% specificity in acute 
heart failure patients.12 Kurisu et al, 2018 used frontal QRS-
T angle cut off point which have a high value in predicting 
myocardial perfusion defect in STEMI patient was > 90o, as 
seen in Parvi et al, 2008 study.5,13 We found the mean of 
FQRST angle with preserved EF (>50) was low 37,80 ± 
17,54, and mean FQRST angle with reduced EF (<50) was 
high 84,24 ± 40,35 (p value < 0,001). This is parallel with 
Darmawan IK 2019 study, which showed the EF < 40 had 
mean FQRST 117 ± 36 and EF > 40 had mean FQRST 47 ± 40 
with p value < 0,001.12 The changes of QRS-T angle is due to 
fibrosis, excessive pressure and volume and ischemia. 

P = 0,227 

P = 0,227 

P < 0,001 
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Repolarization is more specifics in consuming energy and 
ischemia in many mechanisms that shown unpredictable 
effect.14 This study found FQRST angle was larger in patient 
with anterior STEMI 72,5 ± 41,75 over patient with inferior 
STEMI 56,2 ± 36,82 but it’s not statistically significant (p 
value 0,227). FQRST angle might be able to use to predict 
myocardial perfusion defect in both groups, but the subjects 
of our study were different. Patient with anterior STEMI 
was 26 people and inferior STEMI was 14 people. The broad 
difference between both groups was huge so we could not 
analyze the relationship of FQRST angle and MPD in our 
study. The study sample was relatively small. Further study 
is needed with larger sample. Pascale et al, 2009 found that 
subjects with inferior myocardial infarction was susceptible 
to ventricular arrythmia than patient with anterior 
myocardial infarction.15 Kurisu et al, 2020 found that FQRST 
angle was not elevated in patient with inferior myocardial 
infarction than in patient with anterior myocardial 
infarction. The reason of this was doubtful, but one of the 
reasons is the FQRST angle might not showed good spatial 
FQRST angle, especially in inferior myocardial infarction. 
FQRST angle was generated by projection of QRS and T 
vector with spatial three dimensional to frontal area. We 
need to confirmed that frontal QRS-T was projected QRS-T 
spatial angle in both anterior and inferior myocardial 
infarct.16 However, further study is needed to clarify the 
implication of FQRST angle to predict total mortality or 
ventricular arrythmia in anterior myocardial infarct and 
inferior myocardial infarct separately. There was no 
difference between FQRST angle to MPD either in both 
patients undergone revascularization or not. Over the 
countable, we found that FQRST angle in patients which 
performed revascularization (64,8 ± 44,53) is lower than 
not (69,1 ± 36,34). But the difference is not widely ranged. 
This might be because the revascularization was performed 
with onset > 12 hours so it could not stop the infarct 
formation. Patients who undergo revascularization was 21 
people, 5 people in onset <12 hours and 16 people in onset 
> 12 hours. 

Conclusions 

In summary, we identified that frontal QRS-T angle have a 
positive correlation with moderate strength correlation to 
myocardial perfusion defect (MPD) in this study. The wider 
FQRST angle will show the higher myocardial perfusion 
defect in STEMI patients. We also found FQRST angle > 70o 
has a 70,6% sensitivity and 82,6% specificity to predict 
large infarct area (MPD > 22,8). The limitations of this study 
are small sample size over another previous study, and only 
performed in single center. The further study is needed with 
larger sample size. 
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