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Relationship Between Frontal QRS-T Angle and  
Ascending Aortic Dilatation: A Cross Sectional Study 
Frontal QRS-T Açısı ve Asendan Aort Dilatasyonu Arasındaki İlişki:  
Kesitsel Bir Çalışma 
     Hüseyin DURAKa,     Mustafa ÇETİNa,     Elif ERGÜLa,     Nadir EMLEKa,     Ali Gökhan ÖZYILDIZa, 
     Hakan DUMANa,     Muhammet ÖZTÜRKa 
aRecep Tayyip Erdoğan University Faculty of Medicine, Department of Cardiology, Rize, Türkiye

ABS TRACT Objective: Few studies have shown that certain myocardial 
repolarization markers from surface electrocardiogram (ECG) are associ-
ated with ascending aortic (AA) dilatation (AAD). We aimed to investigate 
the association between 12-lead surface ECG markers and AAD. Material 
and Methods: Consecutive patients without active complaints, who were 
admitted to the outpatient clinic for routine control, were included in the 
study. Transthoracic echocardiography (TTE) was performed to measure 
AA diameter. ECG markers, including QRS duration, TP-e interval, QTc 
interval, and frontal QRS-T angle were calculated. Patients were divided 
into two groups based on their AA diameter: those with an AA diameter 
≥40 mm [AAD (+)] and those with an AA diameter <40 mm [AAD (-)]. 
Statistical analysis was performed to compare the two groups using a p value 
<0.05 as statistically significant. Results: Among the 251 patients, 31 
(12.3%) had AAD. Patients with AAD had a significantly higher rate of 
coronary artery disease (CAD) history. Fragmented QRS, pathological Q-
waves, longer P-maximum, P-minimum, P-dispersion, QRS duration, Tp-e 
duration, R peak time, and increased frontal QRS-T angle were more com-
mon in the AAD(+) group (all p<0.05). Correlation analysis revealed a sig-
nificant correlation between the frontal QRS-T angle and AAD (R=0.379, 
p<0.001). In multivariate logistic regression analysis, AAD showed an in-
dependent association with the frontal QRS-T angle (OR: 3.886, 95% CI: 
1.270-11.893, p=0.017) and history of CAD (OR: 10.689, 95% CI: 2.151-
53.121, p=0.004). Conclusion: AAD was independently associated with a 
CAD history and frontal QRS-T angle. 
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ÖZET Amaç: Az sayıda çalışmada, yüzey elektrokardiyografisinden (EKG) 
elde edilen bazı miyokardiyal repolarizasyon belirteçlerinin asendan aort 
(AA) dilatasyonu (AAD) ile ilişkili olduğu gösterilmiştir. Bu çalışmada, 12 
derivasyonlu yüzey EKG belirteçleri ile AAD arasındaki ilişkiyi araştırmayı 
amaçladık. Gereç ve Yöntemler: Aktif şikâyeti olmayan, rutin kontrol için 
polikliniğe başvuran ardışık hastalar çalışmaya dâhil edildi. AA çapını ölç-
mek için transtorasik ekokardiyografi (TTE) yapıldı. QRS süresi, TP-e ara-
lığı, QTc aralığı ve frontal QRS-T açısı gibi EKG belirteçleri hesaplandı. 
Hastalar AA çaplarına göre iki gruba ayrıldı: AA çapı ≥ 40 mm olanlar [AAD 
(+)] ve AA çapı <40 mm olanlar [AAD (-)]. İki grubu karşılaştırmak için 
istatistiksel analiz yapıldı ve p değeri <0,05 istatistiksel olarak anlamlı kabul 
edildi. Bulgular: Çalışmaya dâhil edilen 251 hastanın 31’inde (%12,3) AAD 
vardı. AAD’li hastalarda koroner arter hastalığı (KAH) öyküsünün anlamlı 
derecede yüksek olduğu görülmüştür. AAD (+) grupta; EKG parametreleri 
arasından fragmante QRS, patolojik Q dalgaları, daha uzun P-maksimum, P-
minimum, P-dispersiyonu, QRS süresi, Tp-e süresi, R pik zamanı ve artmış 
frontal QRS-T açısı daha yaygındı (tümü p<0,05). Korelasyon analizi fron-
tal QRS-T açısının AAD ile ilişkili olduğunu göstermiştir (R=0,379, 
p<0,001). Çok değişkenli lojistik regresyon analizinde, AAD ile frontal QRS-
T açısı [göreceli olasılıklar oranı (odds ratio “OR”): 3,886, %95 güven ara-
lığı (confidence interval “CI”) 1,270-11,893, p=0,017] ve KAH öyküsü (OR: 
10,689, %95 CI 2,151-53,121, p=0,004) arasında bağımsız bir ilişki olduğu 
bulunmuştur. Sonuç: Çalışmamızda, AAD ile frontal QRS-T açısı ve KAH 
öyküsü arasında anlamlı bir ilişki bulunmuştur.  
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Electrocardiography (ECG) is a widely used 
non-invasive diagnostic tool for evaluating cardiac 
function and identifying arrhythmias. Recent studies 
have demonstrated that ECG markers may provide 
valuable information about heart structure, including 
left ventricular (LV) ejection fraction (LVEF), heart 
chambers, and calcification of heart valves, offering 
a potential opportunity for early risk stratification and 
monitoring.1  

Projection of the three-dimensional spatial QRS 
and T vectors onto the frontal plane produces frontal 
QRS and T vectors, respectively. The angle between 
the frontal QRS and T vectors is called the frontal QRS-
T angle.2 The frontal QRS-T angle can be easily calcu-
lated from a 12-lead surface ECG as the absolute value 
of the difference between the frontal plane QRS axis 
and T axis and has been shown to correlate well with 
the three-dimensional spatial QRS-T angle for risk pre-
diction.3 The QRS-T angle reflects deviations between 
ventricular depolarization and repolarization, and its 
prognostic implications have been extensively demon-
strated in both the general population and specific sub-
populations.4 The frontal QRS-T angle has been shown 
to be significantly associated with myocardial ischemia, 
myocardial hypertrophy, ventricular arrhythmias, hy-
pertension (HT), diabetes mellitus (DM), new coronary 
heart events, cardiovascular (CV), and all-cause mor-
tality.5,6  

There is a well-known relationship between 
ECG and LV remodelling.7 Because of myocardial 
structural changes, it is likely that some ECG parame-
ters will change. These ECG changes may provide 
insights into ascending aortic (AA) remodeling based 
on the relationship between LV and AA remodeling. 
Previous studies have shown that patients with AA 
aneurysms have increased aortic stiffness and myo-
cardial structural changes such as an increased LV 
mass index.8,9 Moreover, previous studies have 
shown that the LV mass index decreases, especially 
after aortic aneurysm or stenosis repair.10,11 Two re-
cent studies have shown an association between my-
ocardial repolarization parameters on ECG, including 
QTc and Tp-e, and AA aneurysm.8,9 We designed a 
study focusing on ECG parameters to investigate the 
potential associations between different ECG mark-
ers and AA dilatation (AAD) in a selected cohort of 

patients. The findings of this study may have impor-
tant clinical implications, as the identification of ECG 
markers associated with AAD could potentially en-
hance risk stratification and monitoring strategies for 
patients at risk of adverse CV events related to AAD. 

 MATERIAL AND METHODS 

STuDY DESIGN AND PARTICIPANTS 
We conducted a cross-sectional observational cohort 
study to investigate the potential associations bet-
ween ECG markers and AAD. Patients attending the 
cardiology clinic of Recep Tayyip Erdoğan Univer-
sity Faculty of Medicine Hospital for routine control 
without complaints were included in the study. All 
patients included in the study underwent transthoracic 
echocardiography (TTE) and 12-lead surface ECG. 
We used a cut-off value of 40 mm for AAD, as rec-
ommended by the current guidelines.12 Patients were 
divided into two groups: those with an AA diameter 
of 40 mm or more [AAD (+)] and those with an AA 
diameter less than 40 mm [AAD (-)]. Statistical 
analysis was conducted by comparing the two groups 
to determine any significant associations between 
ECG markers and AAD. 

Patients on antiarrhythmic drugs, patients with 
connective tissue disorders (Marfan, Ehlers-Danlos, 
or Loey-Dietz syndrome), bicuspid aortic valve, acute 
coronary syndrome, LVEF<50%, left and right bun-
dle branch block, pacemaker rhythm, history of cere-
brovascular disease, acute or chronic renal failure, 
active inflammatory disease, myocarditis, cardiomyo- 
pathy, cardiac surgery with any indication, anemia, 
secondary HT, significant heart valve disorder, en-
docrinological conditions, electrolyte imbalance, pul-
monary thromboembolism, malignancy, or end-stage 
liver disease were excluded from the study. 

This study was conducted in accordance with the 
“Declaration of Helsinki” and approved by the “Ins-
titutional Review Committee”. The Recep Tayyip 
Erdoğan University Non-Invasive Clinical Research 
Ethics Committee approved the study (The ethics 
committee decision date and decision number: No-
vember 10, 2023, E-64960800-799-229073237). All 
patients were informed of the study, and written con-
sent was obtained for the study. 
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DATA COLLECTION AND ECG ANALYSIS 
Demographic and clinical data, including age, sex, 
comorbidities, and medication use, were collected 
from electronic medical records.  

Standard 12-lead surface ECGs, recorded at a 
paper speed of 25 mm/s and a voltage of 10 mm/mV 
(Nihon Kohden, ECG 1250-12 ECG Device), were 
analysed by two independent cardiologists blinded to 
the patients’ clinical information. ECGs were 
scanned at 600 DPI and magnified 10-fold. ECG ima-
ges were analysed using the online tool “GeoGebra 
Software, version 4.2 (International GeoGebra Insti-
tute, IGI, Austria)” (accessible at https://www.ge-
ogebra.org). Upon calibrating one small square on the 
ECG to represent 40 ms, the software allowed users 
to manually draw lines on the ECG and measure the 
time interval in milliseconds between two points. 

The frontal plane QRS axis and T axis were ac-
quired through automated calculations performed by 
the ECG device. The frontal QRS-T angle was deter-
mined by calculating the absolute difference between 
the frontal plane QRS axis and T axis. In cases where 
the angle exceeded 180°, it was adjusted to an acute 
angle by subtracting it from 360°.2  

The QRS duration was defined as the time in-
terval between the onset of the q or R-wave and the 
end of the S-wave (J point). The longest QRS dura-
tion among leads V1 to V6 has been recorded.13  

A fragmented QRS is characterized by the exis-
tence of additional deflections or notches within the 
QRS complex, which indicates abnormal depolariza-
tion patterns. The presence and characteristics of 
fragmented QRS patterns in corresponding leads 
have been documented.14  

The presence of pathological Q-waves on ECG 
was identified. The duration and depth of the Q-wave 
were measured in the leads where they appeared most 
prominently. Pathologic Q-waves were defined as 
those with a duration greater than 40 ms and a depth 
exceeding 25% of the subsequent R- or S-waves.14  

The interatrial block was assessed by examining 
the morphology of the P-wave in various leads. This 
investigation focused on identifying prolonged or al-
tered P-wave duration, morphology, or axis devia-

tion. Interatrial block was diagnosed using specific 
criteria, including a P-wave duration exceeding 120 
ms, with or without a biphasic negative P-wave in 
leads II, III, and aVF.13  

R peak time was assessed by measuring the du-
ration from the onset of the QRS complex to the peak 
of the R-wave and quantified in milliseconds.13  

P-maximum and P-minimum were determined 
by identifying the maximum and minimum durations 
of the P-waves. The onset and offset points of the P-
wave were located in the lead where it was most 
prominent. P-dispersion was calculated by subtract-
ing the minimum duration of the P-wave from the 
maximum duration. This calculation provided a 
measure of P-wave dispersion across different leads, 
and the results were reported in milliseconds.13  

The duration of the QT interval was measured in 
milliseconds, from the beginning of the Q-wave to the 
end of the T-wave. The QTc interval, which accounts 
for the heart rate, was calculated using Bazett’s for-
mula (QTc=QT/√RR) based on the RR interval.13  

The TP interval was measured from the end of 
the T-wave to the onset of the subsequent P-wave. 
This interval represents the period from the end of 
ventricular repolarization to the onset of atrial depo-
larization.8 Tp-e duration was measured as the dura-
tion from the peak of the T-wave to the end of the 
T-wave in leads V2 or V5, where the T-wave exhi-
bited the most prominent features.8,13  

The patients’ baseline characteristics were 
recorded during the interviews. The diagnosis of HT 
was based on the current use of antihypertensive me-
dication or a mean blood pressure of 135/85 mmHg or 
higher at home twice a day for two weeks in a quiet 
environment, with at least one hour’s rest and with-
out smoking or coffee consumption. Individuals with 
a fasting blood glucose level of 126 mg/dL or above, 
glycosylated hemoglobin level of 6.5% or above, or 
use of antidiabetic drugs were diagnosed with DM. 
Individuals who currently smoked at least one ciga-
rette per day or who had quit smoking within the last 
12 months were considered smokers. Body mass 
index (BMI) was calculated by dividing the weight in 
kilograms (kg) by the square of the height in meters 
(m²). (BMI=weight [kg]/height [m]²). 
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AORTIC DIAMETER MEASuREMENT 
Diameter of the AA was measured by two experi-
enced echocardiographers using TTE with a high-res-
olution ultrasound system (Vivid E95, Ultra Edition, 
GE Healthcare, Horten, Norway). The AA diameter 
was measured at the widest part of the AA that could 
be seen on TTE, as recommended by the American 
Society of Echocardiography guidelines.15 The aver-
age of two measurements was used for the analysis. 

STATISTICAL ANALYSIS 
Statistical analysis of the cases was performed using 
SPSS version 26, developed by SPSS Inc. (Chicago, 
Armonk, NY, USA). The data distribution of the vari-
ables was assessed using visual methods, including 
histograms and probability plots, as well as analytical 
methods, such as the Kolmogorov-Smirnov and 
Shapiro-Wilk tests, to determine whether they fol-
lowed a normal distribution. Based on the diameter of 
the AA (≥40 mm and <40 mm), patients were divided 
into two groups to compare the obtained parameters. 
Continuous variables with a normal distribution are 
presented as mean±standard deviation, while cate-
gorical variables are presented as percentages. The 
median values of the 25th and 75th percentiles are re-
ported for continuous variables that did not follow a 
normal distribution. To compare the means between 
the groups, Student’s t-test was used for normally dis-
tributed variables, while the Mann-Whitney U test 
was used for non-normally distributed variables.  
Categorical variables were compared using either the 
chi-squared test or Fisher’s exact chi-squared test de-
pending on the sample size. 

Parameters with statistically significant diffe-
rences in the univariate analysis were first evaluated 
using univariate logistic regression analysis to deter-
mine their relationship with AAD. As a result of this 
analysis, multivariate logistic regression (backward 
method) analysis was performed by using the para-
meters marked with “*” among the parameters that 
remained significant. The results are presented as 
95% confidence intervals (CI) and odds ratios (OR). 
Before this analysis, a logarithmic transformation 
was performed because the frontal QRS-T angle did 
not show a normal distribution. Correlation analyses 
were performed using Pearson or Spearman correla-

tion tests. The ROC curve was analysed to calculate 
the cut-off value of the statistically significant pa-
rameters. Statistical significance was set at p<0.05. 

 RESuLTS 
In total, 251 consecutive patients (141 men and 110 
women) were included in the analysis. The age dis-
tribution of the samples participating in the study was 
54 (45-62). There were 220 individuals in the group 
with an AA diameter of <40 mm and 31 in the group 
with an AA diameter of ≥40 mm. The demographic, 
laboratory, medication, and ECG parameters were 
compared between the two groups (Table 1). This 
analysis showed changes in many parameters on the 
12-lead surface ECG in patients with AAD. Age 
(61.8±10.5 vs. 52.1±12.8, p<0.001), DM (38.7% vs. 
16.8, p=0.004), HT (71.0% vs. 39.5, p<0.001), coro-
nary artery disease (CAD) history (87.1% vs. 36.4, 
p<0.001), the use of beta blockers (35.9% vs. 17.7, 
p=0.020), angiotensin receptor blockers (29.0% vs. 
14.5, p=0.041), diuretics (19.4% vs. 4.5, p=0.012), 
and oral anti-diabetics drugs/insulin (38.7% vs. 15.9, 
p=0.002) were higher in the AAD (+) group, reaching 
statistical significance. The proportion of the male 
gender was higher in the AAD (+) group (83.9% vs. 
52.3, p<0.001). As expected, serum creatinine was 
higher in the AAD (+) group (0.98±0.27 vs. 
0.83±0.22, p<0.001). Fragmented QRS (38.7% vs. 
19.1%, p=0.013) and pathological Q-wave (47.1% 
vs. 17.9%, p=0.009) were more common in the AAD 
(+) group. However, there was also a prolongation in 
parameters related to repolarization and depolariza-
tion of the ventricles. Of these parameters, QRS du-
ration (97.8±12.6 vs. 92.2±10.8, p=0.001) and Tp-e 
duration (103.8±11.7 vs. 95.1±14.4, p<0.001) in-
creased in the group with larger AA. Notably, the 
frontal QRS-T angle [46.5 (22.0-116.0) vs. 23.0 
(12.0-38.2)], (p<0.001) and the R peak time 
(37.2±11.4 vs. 32.1±8.2°, p=0.001) were found to be 
increased. Moreover, P-maximum, P-minimum and 
P-dispersion (106.1±12.9 vs. 103.9±11.8, p=0.012, 
60.8±8.6 vs. 59.7±9.3, p<0.001, 45.7±9.3 vs. 
44.6±6.8, p=0.001; respectively) were higher in the 
AAD (+) group. 

After the parameters that showed statistically 
significant differences between the two groups were 
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evaluated using univariate logistic regression analy-
sis, we created a model for multivariate logistic reg-
ression analysis using the parameters marked with 
“*” among the parameters that remained significant 
(Table 2). As a result of this analysis, a history of 

CAD (OR: 10.689, 95% CI 2.151-53.121, p=0.004) 
and frontal QRS-T angle (OR: 3.886, 95% CI 1.270-
11.893, p=0.017) were independently associated with 
AAD. A strong statistical relationship between the 
frontal QRS-T angle and AAD is shown in Figure 1 
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Ascending aortic diamater <40 mm Ascending aortic diamater ≥40 mm  
Variable (n=220) (AAD-) (n=31) (AAD+) p value 
Demographic data 

Age (years) 52.1±12.8 61.8±10.5 <0.001 
Sex (male) n (%) 115 (52.3) 26 (83.9) <0.001 
BMI (kg/m2) 28.9±4.9 30.6±4.3 0.709 
HL n (%) 51 (23.2) 11 (35.5) 0.137 
DM n (%) 37 (16.8) 12 (38.7) 0.004 
HT n (%) 87 (39.5) 22 (71.0) <0.001 
History of CAD n (%) 80 (36.4) 27 (87.1) <0.001 
Current smoking n (%) 90 (41.3) 14 (45.2) 0.682 

Medications in use 
Beta blocker n (%) 39 (17.7) 11 (35.9) 0.020 
ACE-i n (%) 42 (19.1) 10 (32.3) 0.090 
ARB n (%) 32 (14.5) 9 (29.0) 0.041 
Statin n (%) 29 (13.2) 3 (9.7) 0.584 
CCB n (%) 28 (12.7) 8 (25.8) 0.052 
Diuretic n (%) 10 (4.5) 6 (19.4) 0.012 
OAD/insulin n (%) 35 (15.9) 12 (38.7) 0.002 

Laboratory data 
Fasting glucose (mg/dL) 109.1±37.3 135.8±52.9 0.545 
WBC (103/L) 8.07±2.3 9.30±2.5 0.170 
•CRP (mg/dL) 4.2 (2.5-6.2) 4.2 (3.0-5.9) 0.810 
Hemoglobin (g/dL) 13.8±1.7 14.2±1.6 0.391 
Serum creatinine (mg/dL) 0.83±0.22 0.98±0.27 <0.001 

Electrocardiographic data 
Fragmanted QRS n (%) 42 (19.1) 12 (38.7) 0.013 
Pathological Q wave n (%) 24 (17.9) 10 (47.1) 0.009 
Interatrial block n (%) 31 (14.3) 5 (16.1) 0.785 
•QRS axis () 21 (12.7-31.2) 19 (8.2-36.5) 0.870 
•T axis () 37 (29.5-60.5) 70 (41.2-103.0) <0.001 
•Frontal QRS-T angel () 23.0 (12.0-38.2) 46.5 (22.0-116.0) <0.001 
QRS duration (ms) 92.2±10.8 97.8±12.6 0.001 
P maximum (ms) 103.9±11.8 106.1±12.9 0.012 
P minimum (ms) 59.7±9.3 60.8±8.6 <0.001 
P dispersion (ms) 44.6±6.8 45.7±9.3 0.001 
QTc interval (ms) 412.5±26.1 420.1±26.1 0.239 
QT interval (ms) 385.8±34.4 395.8±36.4 0.503 
TP interval (ms) 293±116 273±93 0.492 
Tp-e duration (ms) 95.1±14.4 103.8±11.7 <0.001 
R peak time (ms) 32.1±8.2 37.2±11.4 0.001 

TABLE 1:  Comparison of baseline characteristics and electrocardiographic data in the study population.

•Median, interquartile range [range, (25% percentile-75% percentile)]; Continuous variables are given as mean±standard deviation; AAD: Ascending aortic dilatation;  
BMI: Body mass index; HL: Hyperlipidemia; DM: Diabetes mellitus; HT: Hypertension; CAD: Coronary artery disease; ACE-i: Angiotensin converting enzyme inhibitor;  
ARB: Angiotensin receptor blocker; CCB: Calcium channel blocker; OAD: Oral antidiabetic drugs; WBC: White blood cell; CRP: C-reactive protein; Tp-e: T peak to end.



(p<0.001). Correlation analysis showed that the 
frontal QRS-T angle correlated with AAD (R=0.379, 
p<0.001) (Figure 2). In ROC analysis, the frontal 
QRS-T angle had an area under the curve value of 
0.742 (p<0.001) (Figure 3). 

 DISCuSSION 
The association between ECG markers and AAD is a 
topic of growing interest in CV research. The pre- 
sent study adds to the existing literature by providing 
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Univariate Multivariate 
Variable OR 95% CI lower-upper p value OR 95% CI lower-upper p value 
Age (years)* 1.069 1.033-1.107 <0.001  
Sex (male)* 4.748 1.759-12.81 0.002  
DM* 3.124 1.397-6.983 0.006  
HT* 3.737 1.644-8.495 0.002  
History of CAD* 11.81 3.990-34.97 <0.001 10.689 2.151-53.121 0.004 
Beta blocker* 2.553 1.132-5.755 0.024  
ARB* 2.403 1.016-5.687 0.046  
Diuretic* 5.040 1.688-15.047 0.004  
OAD/insulin 3.338 1.487-7.489 0.003  
Serum creatinine* 10.25 2.417-43.53 0.002  
Fragmented QRS* 2.677 1.206-5.940 0.015  
Pathological Q Wave* 3.247 1.300-8.247 0.012  
R-peak time* 1.058 1.019-1.099 0.003  
Frontal QRS-T angel (log)* 7.339 2.629-20.48 <0.001 3.886 1.270-11.893 0.017 
QRS duration* 1.041 1.009-1.075 0.012  
TP-E interval* 1.049 1.017-1.081 0.002  
P maximum 1.017 0.983-1.052 0.334  
P minimum 1.012 0.972-1.053 0.560  
P dispersion 1.021 0.966-1.079 0.468  
T axis (log)* 12.11 3.300-44.453 <0.001  

TABLE 2:  univariate and multivariate logistic regression analyses of the variables.

*Parameters included in the multivariate logistic regression analysis are indicated by; OR: Odds ratio; CI: Confidence interval; DM: Diabetes mellitus; HT: Hypertension;  
CAD: Coronary artery disease; ARB: Angiotensin receptor blocker; OAD: Oral antidiabetic drug.

FIGURE 1: The graph illustrate that significant association between frontal QRS-T angel and ascending aortic dilatation (AAD).
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evidence of a significant association between frontal 
QRS-T angle on 12-lead surface ECG and a history 
of CAD with AAD. Although different studies have 
focused on the relationship between myocardial de-
polarization parameters and AAD, to our knowledge, 
this study is the first to demonstrate an independent 
relationship between frontal QRS-T angle and AAD. 

Our hypothesis in this study was that AA re-
modeling is not independent of LV remodeling; 
therefore, ECG parameters may change with LV re-
modeling in patients with AAD. A study by Topuz et 
al. showed that echocardiographic diastolic parame-
ters were impaired in patients with AA aneurysms 
and that ECG-derived repolarization parameters such 

as QT dispersion, QTc, and Tp-e were prolonged.8  
In a study by Boduroglu and Son the relationship  
between the Tp-e interval and its ratio in QT and AA 
aneurysms was evaluated. Correlation analyses 
showed a relationship between AA aneurysm and 
several transmural dispersions of repolarization pa-
rameters, including QTc and Tp-e.9 These studies 
have emphasized that diastolic function of the LV is 
particularly impaired in patients with AA aneurysms, 
predisposing them to arrhythmogenic conditions. Ad-
ditionally, these studies show that LV structure 
changes with AAD, which in turn alters ECG param-
eters, especially depolarization and repolarization pa-
rameters. The results of the present study support 
these findings.  

The frontal QRS-T angle, which represents the 
frontal orientation of the QRS complex and the T-
wave on ECG, has been proposed as a marker of 
ventricular depolarization and repolarization hetero-
geneity.16 This parameter has been shown to have a 
prognostic value in patients with and without a his-
tory of cardiovascular disease.17,18 In a review by 
Oehler et al., a statistically significant correlation 
was observed between QRS-T angle and sudden car-
diac death, ventricular arrhythmias, CV mortality, 
and all-cause mortality.2 In a study by Kurisu et al., 
in patients with advanced chronic kidney disease, a 
wide QRS-T angle was correlated with LV remode-
ling, which can lead to conditions such as an enlarged 
LV end-diastolic volume or diminished LVEF.19 In a 
study conducted by Li et al., optimized heart failure 
therapy for idiopathic dilated heart failure patients 
led to a significant reduction in the QRS-T angle.20 
Furthermore, our study revealed a significant asso-
ciation between the frontal QRS-T angle and AAD, 
indicating that changes in the frontal orientation of 
the QRS complex and T-wave may reflect structural 
changes in the aorta. This may be related to altered 
mechanical properties of the AA wall or changes in 
the electrical conduction system, leading to changes 
in AA remodeling. Moreover, it can be hypothesized 
that structural changes and altered electrical con-
duction patterns resulting in the development of de-
polarization and repolarization heterogeneity in the 
LV and atrium also affect AA remodeling. Suppor-
ting the results of our study, a recent study by Ergül 
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FIGURE 2: Correlation graph between ascending aortic diameter and frontal QRS-
T angel.

FIGURE 3: Frontal QRS-T angel had an AuC value of 0.742 with p<0.001.  
AuC: Area under the curve; ROC: Receiver operating characteristic.



et al. showed a strong correlation between AAD with 
left atrial function and LV mass index in patients 
with normal LV systolic function, which can affect 
the QRS-T angle.21  

Our study also showed an independent associa-
tion between a history of CAD and AAD. Further-
more, pathological Q-waves and fragmented QRS, 
which may suggest a history of CAD, were associa-
ted with AAD in our study. This strong association 
may be due to the common risk factors shared by 
AAD and CAD, such as HT and hyperlipidemia. In a 
study by Yildiz et al., aortic strain and distensibility, 
which indicate aortic elasticity, were strongly asso-
ciated with the severity of CAD.22 In a similar study 
by Lu and Liu the elasticity indices of the AA corre-
lated well with the severity of coronary stenosis.23 
Furthermore, rather than coexisting CAD and AAD, 
patients with CAD are more likely to be at a higher 
risk of AAD in the long term.24 Moreover, LV re-
modeling is also expected in patients with CAD;  
similarly, remodeling of the AA may be observed in 
the long term.  

In patients with HT, increased pressure in the 
aorta can lead to changes in its structure and function. 
In a study on prehypertensive patients, the QRS-T 
angle was shown to be increased compared to the 
normotensive group.25 A recent study by Tanriverdi 
et al. showed that the frontal QRS-T angle is a strong 
predictor of LV hypertrophy in patients with HT.26 In 
the present study, as expected, the rate of patients 
with HT was higher in the AAD group. However, this 
did not reach statistical significance in the logistic re-
gression analysis. Due to the design of our study, we 
did not evaluate the relationship between HT and 
frontal QRS-T angle. Nevertheless, HT can be con-
sidered as a common factor that contributes to aortic 
dilatation and increases the frontal QRS-T angle. In 
a study by Gür et al., a strong correlation was ob-
served between QT dispersion and aortic elastic in-
dicators in newly diagnosed hypertensive patients.27 
However, in our study, although there was no signi-
ficant relationship between the QT and QTc interval 
with AAD, there was a significant relationship bet-
ween Tp-e and AAD. Nonetheless, this relationship 
was not statistically significant in the logistic regres-
sion analysis.  

There are studies in the literature on detecting 
aortic valve stenosis and aortic and mitral valve re-
gurgitation using artificial intelligence (AI)-assisted 
ECG analysis. The basic rationale of these studies is 
similar to our hypothesis that valvular diseases lead to 
cardiac remodeling with concomitant electrocardio-
graphic changes.28,29 In our study, the correlation  
between the frontal QRS-T angle and AA may offer 
insights into aortic changes through AI-based systems 
using ECG in the future. Further research is required 
to confirm this relationship. 

The clinical implications of this study are as fol-
lows. ECG is a noninvasive, cost-effective, and 
widely available diagnostic tool routinely used in clin-
ical practice. Our study suggests that simple ECG 
markers, such as the frontal QRS-T angle, may serve 
as valuable indicators for identifying individuals at 
risk for AAD. Early detection of AAD is crucial for 
timely intervention and prevention of life-threatening 
complications, such as aortic aneurysm rupture or 
aortic dissection. Incorporating these ECG markers 
into routine clinical practice may aid in the risk  
stratification and identification or close monitoring 
of high-risk individuals who may require further  
evaluation and intervention. 

LIMITATIONS 
This study has several limitations that need to be ac-
knowledged. First, its cross-sectional and observa-
tional design introduces the possibility of a selection 
bias and limits its ability to establish causal relation-
ships. Prospective, longitudinal studies would be be-
neficial to confirm these findings and investigate the 
temporal relationship between the frontal QRS-T 
angle and aortic health. Second, intra- and inter-ob-
server variability results for aortic diameters and 
ECG parameters were not provided in this study. 
Third, this study was conducted at a single centre, 
which may restrict the generalizability of the results 
to other populations. Conducting large-scale, multi-
centre studies would be valuable for validating these 
findings and improving their external validity. The 
sample size was relatively small and further studies 
with larger cohorts are necessary to validate our re-
sults. Finally, although efforts were made to control 
for potential confounders, residual confounding fac-
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tors may still not have been accounted for in the 
analysis. 

 CONCLuSION 
Our study provides evidence of an independent asso-
ciation between the frontal QRS-T angle and a his-
tory of CAD with AAD. The underlying mechanisms 
linking frontal QRS-T angle and AAD remain un-
clear and require further investigation through ex-
perimental and mechanistic studies. 
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