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Cardiovascular diseases and frontal QRS-T angle

Lutfu Askin?, Okan Tanriverdi®, Fatih Poyraz?

2 Department of Cardiology, Gaziantep Ersin Arslan Education and Research Hospital, Gaziantep, Turkey
b Department of Cardiology, Adiyaman Education and Research Hospital, Adiyaman, Turkey

ARTICLE INFO SOUHRN

Rozdil os komplexu QRS a viny T (frontal QRS-T angle, fQRSTa) je elektrokardiograficky parametr odrazejici
prostorovy vztah mezi vektory depolarizace a repolarizace v srdci; urcuji jej uhly mezi vektory QRS a vinou T
ve frontélni roviné. Sirsi fQRSTa je obecné spojovan se zvyéenou komorovou ektopickou aktivitou, poruchou
funkce levé komory a zvysenym rizikem kardiovaskularnich onemocnéni (KVO); podle nékolika studii je Sirsi
QRSTa spojen se zvySenym rizikem rozvoje KVO vcetné infarktu myokardu, srde¢niho selhani a néhlé srdecni
smrti. Celkové Ize z dostupnych dikazi usuzovat, Ze fQRSTa je uzite¢ny marker kardiovaskularniho rizika
a mUze mit znacny vyznam pro prevenci a lé¢bu KVO. Pozndni vztahu mezi QRSTa a KVO si nicméné vyzada
dalsi vyzkum, ktery zdrover pomUze stanovit optimalni vyuZiti tohoto ukazatele v klinické praxi.
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ABSTRACT

The frontal QRS-T angle is an electrocardiographic measurement that reflects the spatial relationship be-
tween the depolarization and repolarization vectors in the heart. It is determined by the angles between
the QRS and T wave vectors in the frontal plane. A wider QRS-T angle is associated with increased ventricu-
lar ectopic activity, impaired left ventricular function, and increased risk of cardiovascular diseases (CVDs).
Several studies have suggested that a wider frontal QRS-T angle is associated with an increased risk of
developing CVDs, including myocardial infarction, heart failure, and sudden cardiac death. Overall, the evi-
dence suggests that the frontal QRS-T angle is a useful marker of CV risk and may have important clinical
implications for the prevention and management of CVDs. However, further research is needed to fully
understand the relationship between the QRS-T angle and CVD, and to determine the optimal use of this
marker in clinical practice.
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Introduction Abnormally broad spatial QRS-T angles are one of the

strongest ECG indicators of aberrant repolarization and

Globally, heart disease kills most. In 2013, about 660,000
new myocardial infarctions (MI) with clinical symptoms
(CMI) and 160,000 unintentionally found asymptomatic
silent Mls (SMI) caused 14% of US fatalities."? Around
20% of new Mls were SMls.*> It was found that 45% of
Mls in the Atherosclerosis Risk in Communities (ARIC)
study were asymptomatic, or SMI.® Appropriate risk stra-
tification equals appropriate resource allocation for car-
diac devices. Electrocardiograms (ECGs) are affordable,
noninvasive, rapid to produce, and quick to result in stra-
tifying patients’ risk for cardiac morbidity and death. Ve-
ctor cardiography (VCG) has reemerged with digital ECG.
VCG depicts heart vector movement as loops. The QRS
loop is a reflection of depolarization, while the T loop
is a reflection of repolarization. By using VCG, one may
quantify the spatial QRS-T angle (sQRS-Ta) between de-
polarization and repolarization. A broad QRS-Ta is used
to stratify cardiac risk.”

are predictive of cardiovascular diseases (CVDs) events and
death. Nevertheless, computing the spatial QRS/T angle
from the normal 12-lead ECG involves many steps, which
limits its use. Nevertheless, the frontal plane QRS/T angle
may be simply determined as the absolute magnitude of
the difference between the QRS and T axes. SMI prediction
by the spatial QRS/T angle and the easy-to-obtain frontal
QRS/T angle are unknown.®-"* As a result, the major goal
of this review was to conduct a systematic evaluation of
existing data.

Methods of measurement

Manipulation of the VCG may provide the sQRS-Ta. In brief,
the VCG is either built from orthogonal Frank sQRS-Ta, may
be assessed as a “peak” or “mean” angle (SP or SM QRS-
-Ta). Cortez and Schlegel address the differences between
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Fig. 1 - Spatial QRS-T angle is shown schematically. Other publica-
tion containing the figure in the manuscript include reference 7.

these two strategies briefly.' SP QRS-Ta measures QRS-Ta
at maximal spatial QRS and T vector magnitude in a 3D
loop. Sur et al. reported the SP QRS-Ta measurement at
Tereshchenko’s lab.™ First, the starting point is midway be-
tween the two closest in space but distanced in time points
on a vector cardiographic loop. Peak QRS and T vectors are
furthest from QRS-loop and T-loop origins (Fig. 1).

SM QRS-Ta may be used to measure sQRS-Ta. SM QRS-Ta
uses the mean spatial QRS vector and the mean spatial T
vector. Peak and mean vectors are equivalent in symme-
trical loops."

Normal QRS-T angles can vary a little bit from source
to source, but most of the time they are between -30 and
+90 degrees. A positive QRS-T angle (between 0 and +90
degrees) means that the electrical vector of the T wave is
pointing in the same general direction as the QRS com-
plex. A negative QRS-T angle (between -30 and 0 de-
grees) means that the T wave is pointing in the opposite
direction of the QRS complex. It's worth noting that the
interpretation of the QRS-T angle should always be done
in conjunction with other ECG findings and clinical infor-
mation, as it's just one of many factors that can help di-
agnose and manage cardiac conditions.

Rautaharju et al.'® determined the spatial QRS-T angle by
using a 12-lead electrocardiogram (ECG) and analysing the
electrical vectors in three dimensions. It is a more complex
process that requires knowledge of vector mathematics and
advanced ECG interpretation skills. However, there is a simple
method to estimate the spatial QRS-T angle using a single-
-lead ECG. This method involves measuring the QRS axis and
the T wave axis in the same lead and calculating the angle
between them. To do this, you need to identify the lead with
the highest R-wave amplitude (the lead with the tallest QRS
complex) on the ECG. This lead is typically lead | or lead II.

Next, you need to measure the QRS axis in this lead.
To do this, you should identify the most isoelectric (or
nearly isoelectric) leads, which are the leads with the
least amount of electrical activity during the QRS com-
plex. Then, draw an imaginary line between the isoelec-
tric leads on the ECG, which represents the QRS axis. The
QRS axis is the direction of the electrical vector of the QRS
complex. Once you have determined the QRS axis, mea-
sure the T wave axis in the same lead. The T-wave axis is
the direction of the electrical vector of the T wave. It's im-

portant to note that the T-wave axis may not always be
in the same direction as the QRS axis. Finally, to calculate
the spatial QRS-T angle, subtract the QRS axis from the T
wave axis. If the resulting value is positive, the angle is
considered to be a positive angle (QRS and T waves are
oriented in the same direction), and if it is negative, the
angle is considered to be a negative angle (QRS and T
waves are oriented in opposite directions).

QRSf and Tf are frontal projections of three-dimen-
sional QRS and T vectors. Frontal QRS-Ta (fQRS-Ta) is the
angle between QRSf and Tf vectors (Fig. 2). FQRS-T a is
a 12-lead ECG's frontal QRS and T axis difference. If the
difference exceeds 180°, the fQRS-Ta is 360° minus the
absolute difference.”
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Fig. 2 - Planar frontal QRS-T angle measurement. Other publication
containing the figure in the manuscript include reference 7.

fQRS-Ta versus sQRS-Ta

Many studies have compared frontal and sQRS-Ta tech-
niques."” Cross-study comparison is difficult since each
research has its own normal angles and population vari-
ation. SQRS-Ta predicts heart disease more reliably than
fQRS-Ta, indicating better diagnostic value.

Since these indicators are praised more for their prognostic
than diagnostic significance, numerous research has compared
them. A research found that both frontal and spatial tech-
niques were prognostic, although SQRS-Ta was more predic-
tive for ventricular arrhythmias (VA) (a proxy for sudden cardiac
death [SCD]) than fQRS-Ta in ischemic cardiomyopathy patients
with ICDs.™ Individuals with aberrant QRS-Ta had a higher risk
of death and incident CHD, according to the ARIC trial of CVDs-
free adults.® A research found that widening sQRS-Ta predicted
total and cardiac death in 7052 CVD-free participants. FQRS-Ta
was solely predictive in males, contrary to the ARIC research,
which only found relevance in women. These two researches
did not employ identical normal ranges for fQRS-Ta, a frequent
problem in comparing studies on this issue.’

In healthies

The sQRS-T or fQRS-Ta varies by gender and age. From the
frank lead system or modern digital ECG transformation
technologies, normal ranges of sQRS-Ta vary. ARIC cohort
of 5434 males aged 54 years reported a normal upper li-
mit of 110°. This research capped women at 90." Analysis
of sQRS-Ta by age, gender, and digital ECG conversion
technique is supported, as most approaches overestima-
te the resulting vector measurement. A cohort of older
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Table 1 - Cornerstone studies on frontal QRS-T angle

Reference Authors Subjects Numbers

no.

15 Topaloglu et al. Adrenal adenomas patients 58
(NFAA)

16 Li et al. Hypertensive patients 179

17 Tekin et al. Patients with carbon 212
monoxide (CO) poisoning

18 Gungoren et al. Anemic subjects 66

19 Isik et al. Coronary slow flow 200
patients

20 Kurisu et al. Patients with LV diastolic 128
function

21 Jiang et al. Patients with long QT 144
syndrome

22 Kurisu et al. Patients with advanced 220
chronic kidney disease (CKD)

23 Gunduz et al. COVID-19 patients 327

24 Kuyumcu et al.  Patients with coronary 180
artery bypass graft surgery

25 Eyuboglu et al.  Patients with acute-onset 179
AF

27 Dogan et al. Patients with ST segment ele- 340
vation myocardial infarction

28 Erdogan etal.  Patients with non-ST eleva- 269
tion myocardial infarction

29 Dindas et al. Patients with non-ST eleva- 210
tion myocardial infarction

30 Han et al. Patients with ST segment 592

elevation myocardial
infarction

Main theme
The first research to link aberrant QRS-T angles to NFAA

PHT patients showed greater f(QRS-T) angles than normotensi-
ves and HT patients

In CO poisoning patients, the frontal QRS-T angle may identify
myocardial damage early

Hemoglobin independently predicted frontal QRS-T angle

Frontal QRS-T angle increases TIMI-frame count. CSF patients
had greater frontal QRS-T angles.

Without considerable perfusion abnormalities, the frontal QRS-T
angle was linked with LV diastolic function.

Drug-induced long QT syndrome is assessed by the QTc, not the
frontal QRS-T angle

In advanced CKD patients, broad QRS-T angle is related with LV
remodeling such increased LVEDV or lower LVEF

A large fQRS angle >90° predicted in-hospital mortality and
mechanical ventilation in COVID-19 patients

POAF develops with high f(QRS-T) angle. POAF may indicate
f(QRS-T) angle.

Amiodarone may drastically alter frontal plane QRS-T angle.
Frontal plane QRS-T angle may be determined from automated
ECG recordings to monitor intravenous amiodarone dosing.

In STEMI patients, the fQRST angle is an independent predictor
of coronary atherosclerotic load

f(QRS-T) predicts SYNTAX score to determine early invasive stra-
tegy in NSTEMI patients

The Selvester QRS score and f(QRS-T), two simple ECG measures,
predict post-PCl SF in non-STEMI patients

QRS distortion and fQRS-T angles improve STEMI prognosis,
particularly when coupled

adults free of CVD at the outset of the research reported
39° for women and 81° for males as normal upperlimits.'®

initial suitable treatment. An aberrant spatial QRS-Ta had
a statistically significant adjusted hazard ratio of 7.3.

Sudden cardiac death

Kors et al. examined the sQRS-Ta in low-risk and high-risk
groups and discovered an alarming connection with CV mor-
tality and SCD. This research also found a 5.6 hazard ratio for
SCD in individuals with an aberrant sQRS-Ta.?’ A research of 277
dialysis patients found a hazard ratio of 4.5 in individuals with
an excessively broad QRS-Ta. The sQRS-Ta has a better predictive
value in high-risk groups for CV mortality.?! The biggest research
to ask this topic included 10,957 middle-aged Finns. A fQRS-Ta
greater than 100° tripled the risk of SCD in this cohort. Patients
were initially screened for CVD risk. Also in this study, the power
of the QRS-Ta to predict SCD was found to be limited.22

Ventricular arrhythmias

Widening QRS-T predicts VA. Borleffs et al.”® studied 412
high-risk individuals with implanted ICDs to determine

Cardiovascular mortality

In a study involving 7052 individuals without CVD, a 14-
year increased risk of mortality was found with an inc-
reased QRS-Ta (men > 135°, women > 120°).2° f{QRS-Ta pre-
dicts overall death, but not CV mortality. This study also
showed that the wide fQRS-Ta (men >95°, women >43°)
increased mortality more in men than women. Another
study of 10,957 people discovered that having a large
fQRS-Ta (>100°, undifferentiated by gender) did not raise
the risk of non-arrhythmic CVD.2

All-cause mortality

The FQRS-Ta predicts all-cause mortality in a diverse popu-
lation. The Finnish CHD cohort seems to be the biggest re-
search looking at this subject. A broadened (>100°) fQRS-Ta
produced a hazard ratio of 1.8 for overall mortality in this
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Table 2 - QRS-T angle in clinical situations

Sudden cardiac
death

Ventricular
tachycardia

Impacts

A wider QRS-T angle indicates greater heterogeneity in
ventricular repolarization, which is associated with an
increased risk of ventricular arrhythmias and SCD. Clini-
cians can use the QRS-T angle to identify individuals who
are at a higher risk of SCD and who may benefit from
closer monitoring, lifestyle modifications, or pharmaco-
logic interventions. For example, individuals with a wide
QRS-T angle may benefit from an implantable cardiover-
ter-defibrillator (ICD) to reduce the risk of SCD.

A wider QRS-T angle is associated with an increased risk
of ventricular tachycardia (VT), a rapid heart rhythm that
originates in the ventricles of the heart. The impacts

of the QRS-T angle on VT are significant and can affect
patient management and outcomes.The wider the QRS-T
angle, the greater the risk of VT, as it indicates greater
heterogeneity in ventricular repolarization, which can
predispose individuals to the development of VT.

Limitations

The QRS-T angle is influenced by various factors, such

as age, sex, and heart rate, which can affect its accuracy
as a predictor of SCD. The QRS-T angle is only one of
several ECG markers that can predict SCD, and it may
not be the most reliable. While the QRS-T angle can help
identify individuals at risk for SCD, it does not provide
information about the underlying cause of SCD, such as
coronary artery disease or arrhythmia.

The QRS-T angle is influenced by various factors, such as
age, sex, and heart rate, which can affect its accuracy as
a predictor of VT. The QRS-T angle is only one of several
ECG markers that can predict VT, and it may not be the
most reliable.

The QRS-T angle may not provide information about the
underlying cause of VT, such as coronary artery disease
or genetic mutations. The QRS-T angle is a static measu-
rement of ventricular repolarization and does not take
into account dynamic changes that may occur over time.
Therefore, repeated ECGs may be necessary to provide

a more accurate assessment of an individual’s risk of VT.

Table 3 - QRS-T angle in clinical situations

Cardiovascular
mortality

All-cause
mortality

Impacts

A wider QRS-T angle is associated with an increased risk
of cardiovascular mortality. The impacts of the QRS-T
angle on cardiovascular mortality are significant and can
affect patient management and outcomes. A wider QRS-T
angle is associated with an increased risk of cardiovascu-
lar disease. The wider the QRS-T angle, the greater the
risk of cardiovascular mortality, as it indicates greater
heterogeneity in ventricular repolarization, which can
predispose individuals to the development of these
conditions.

A wider QRS-T angle is associated with an increased risk
of overall mortality, which includes cardiovascular and
non-cardiovascular causes of death. A wider QRS-T angle
is associated with an increased risk of all-cause mortality,
independent of other cardiovascular risk factors such as
age, sex, smoking, hypertension, and diabetes. The wider
the QRS-T angle, the greater the risk of overall mortality.

Limitations

The QRS-T angle is that it is influenced by various factors,
such as age, sex, and heart rate, which can affect its accura-
¢y as a predictor of cardiovascular mortality. Additionally,
the QRS-T angle may not accurately predict the risk of
cardiovascular mortality in certain populations, such as
those with pre-existing conditions like heart failure or atrial
fibrillation. The QRS-T angle is that it does not provide
information about the underlying cause of cardiovascular
disease. The QRS-T angle is a static measurement of ventri-
cular repolarization and does not take into account dyna-
mic changes that may occur over time. Therefore, repeated
ECGs may be necessary to provide a more accurate assess-
ment of an individual’s risk of cardiovascular mortality.

One limitation is that the QRS-T angle is only a single
measurement of ventricular repolarization and does not
take into account other factors that may contribute to
overall mortality risk.

Another limitation of the QRS-T angle is that it may

not accurately predict overall mortality risk in certain
populations. The QRS-T angle may be affected by various
factors, such as age, sex, and heart rate, which can affect
its accuracy as a predictor of overall mortality risk.

research of the general population.22 The DEFINITE study
found no association between non-ischemic cardiomyo-
pathy and fQRS-T for mortality. To highlight study variation,
this research classified abnormal as more than 90° and did
not stratify by gender.?’ Tables 2 and 3 show the impact and
limitations of the QRS-T angle in different clinical situations.

Recent studies

Lau et al.23 discovered that the great arteries TGA patients
with higher fQRS-Ta following atrial switch surgery had
poorer RV mechanics. Narrow QRS-Ta (135 degrees), QRS
length, and cQT interval predict cardiac resynchronizati-

on therapy (CRT) responsiveness in heart failure patients.
FQRS-Ta predicts CRT response independently.?* Topaloglu
et al.?> initially studied an aberrant QRS-Ta and nonfunc-
tional adrenal adenomas (NFAA). A considerable majority
of patients had an aberrant QRS-Ta, which was linked to
hypertension but not left ventricular hypertrophy.

The fQRS-Ta, a noninvasive marker of cardiac conduction
dysfunction, was greater in individuals with PHT than
in normotensives. Our results support the concept that
ventricular repolarization abnormalities occur early in
essential hypertension.?® FQRS-Ta, a simple and afforda-
ble metric determined from 12-lead surface electrocar-
diography, may be utilized to assess myocardial damage
in carbon monoxide (CO) poisoning patients.”’
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Hemoglobin level can predict fQRS-Ta.?® FQRS-Ta and TI-
MI-frame count are correlated. CSF increases the fQRS-
-Ta.?® Kurisu et al.*® linked the fQRS-Ta to LV diastolic
performance in the absence of perfusion abnormalities.
The fQRS-Ta cannot replace the QTc in drug-induced long
QT syndrome. Jiang et al." agree that human QT interval
measurements should be undertaken notwithstanding
machine results.

Wide QRS-Ta is related with LV remodeling in advanced
chronic kidney disease (CKD) patients, such as increased
LV end-diastolic volume (LVEDV) or lower LV ejection
fraction (LVEF), according to Kurisu et al.32 In COVID-19
patients, a broad fQRSa >90° predicted mortality.3* High
levels of fQRS-Ta are linked to the development of post-
operative atrial fibrillation (POAF). The fQRS-Ta can be
a possible sign of POAF.3* Amiodarone affects fQRS-Ta.
FQRS-Ta may be readily determined from automated ECG
recordings and used to monitor intravenous amiodarone
medication.®® fQRSTa, readily determined from automat-
ed ECG recordings, may indicate early AF recurrence fol-
lowing amiodarone cardioversion.3®

fQRSTa predicts atherosclerosis in STEMI patients.>”
F(QRS-T) may predict SYNTAX score to determine early
invasive approach in non-ST elevation myocardial infarc-
tion (NSTEMI) patients.® Selvester QRS score and f(QRS-
T), easy-to-calculate ECG measures, predict post-percu-
taneous coronary intervention (post-PCl) slow flow in
non-STEMI patients.3*4° When coupled, G3I and fQRS-Ta
improve STEMI prognosis. These results assist physicians
select high-risk individuals for extensive therapy.4' Percu-
taneous chronic total occlusion (CTO) revascularization
repolarized the ventricle. FQRS-Ta reduced after CTO PCl
during 6-month follow-up.*?

Athletes have a larger fQRS-Ta than healthy people.
Protein supplements (PS) users and non-users didn’t vary
much.® Surface electrocardiography readily measures
fQRS-Ta. This research shows for the first time that severe
chronic obstructive pulmonary disease (COPD) patients
have a considerably elevated fQRS-Ta.** QRS-Ta predicts
survival and is related with advanced amyloid illness.*
Asarcikli et al. found that fQRSTa increases from dippers
to non-dippers to reverse dippers. The fQRSTa helps iden-
tify and stratify hypertensive individuals.*®

Tascanov et al.*’” showed that propofol enhanced colo-
noscopy patients’ fQRS-Ta. Since a prolonged fQRS-Ta
is linked to VA, it may be prudent to monitor propofol
patients undergoing colonoscopies. The fQRS-Ta may
be a significant ECG parameter in psychiatric patients.*®
Right ventricular in acute pulmonary embolism overload
affects fQRS-Ta. Changing fQRS-Ta may indicate effective
thrombolysis.* Histopathological investigations suggest
ICD leads may induce fibrosis and scar tissue. Fibrosis and
scar tissue did not change the fQRS-Ta, suggesting they
have little clinical value.*® In type 2 diabetes mellitus (DM)
patients with CVD, empagliflozin narrows the fQRSTa.*'

Discussion

A wider QRS-T angle is associated with an increased risk
of CVDs and mortality. The impacts of the QRS-T angle
on CV mortality are significant and can affect patient

management and outcomes. Studies have shown that
a wider QRS-T angle is associated with an increased risk
of CVDs, including coronary artery disease, heart failure,
and SCD. The wider the QRS-T angle, the greater the risk
of CV mortality, as it indicates greater heterogeneity in
ventricular repolarization, which can predispose individu-
als to the development of these conditions. Clinicians can
use the QRS-T angle to identify individuals who are at
a higher risk of CVDs and mortality and who may bene-
fit from closer monitoring, pharmacologic interventions,
or lifestyle modifications. For example, individuals with
a wide QRS-T angle may benefit from statin therapy to
lower cholesterol levels or blood pressure-lowering medi-
cations to reduce the risk of CV events.

Aside from its effects on clinical care, the QRS-T angle
can also have important effects on research. Studies that
use the QRS-T angle to find people with a high risk of
CVDs and death can help find new therapeutic targets
and help make prevention strategies that work better.
Overall, the QRS-T angle is a useful way to measure CV
risk and can have a big effect on how a patient is treated
and how well they do, especially when it comes to the risk
of CV death. But it should be used together with other
clinical information and diagnostic tests to get a full pic-
ture of a person’s CV risk profile.

The QRS-T angle is a good way to measure the risk of
CVDs and death, but it has some limitations that should
be taken into account when interpreting the results. One
problem with the QRS-T angle is that it can be affected
by things like age, sex, and heart rate, which can make
it less accurate as a predictor of CV death. For example,
a wider QRS-T angle may be observed in younger individ-
uals, which can lead to false positive results. Additionally,
the QRS-T angle may not accurately predict the risk of CV
mortality in certain populations, such as those with pre-
existing conditions like heart failure or atrial fibrillation.
Another limitation of the QRS-T angle is that it does not
provide information about the underlying cause of CVDs.
Therefore, additional diagnostic tests may be needed to
determine the underlying cause and inform appropriate
treatment.

Also, the QRS-T angle is a static way to measure ven-
tricular repolarization, which means that it doesn’t take
into account changes that may happen over time. So
a person may need to have more than one ECG to get
a more accurate picture of their risk of dying from CV
causes. Finally, the QRS-T angle is only one of several ECG
markers that can predict CV mortality, and it may not be
the most reliable marker in all cases. Other markers, like
the QT interval, ST segment changes, and T-wave alter-
nans, have also been shown to help predict CV mortality
in certain populations. In conclusion, the QRS-T angle is
a useful way to measure the risk of death from cardio-
vascular disease, but it should be used with other clinical
information and diagnostic tests to get a full picture of
a person'’s CV risk profile. Clinicians should also be aware
of the limitations of the QRS-T angle when interpreting
results and making decisions about treatment.

Even though it can’t always predict SCD, it can give im-
portant information about the risk of CVDs and change
how patients are treated and how well they do. Studies
have shown that a higher QRS-T angle is linked to a high-
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er risk of SCD and other bad cardiovascular events. When
there is more heterogeneity in ventricular repolarization,
which is shown by a wider QRS-T angle, the risk of ven-
tricular arrhythmias and sudden cardiac death (SCD) goes
up. Clinicians can use the QRS-T angle to find people who
are more likely to have SCD and could benefit from closer
monitoring, changes to their lifestyle, or medication. For
example, people with a wide QRS-T angle may benefit
from an implantable cardioverter-defibrillator (ICD) to
lower their risk of SCD. Aside from its effects on clinical
care, the QRS-T angle can also have important effects on
research. Studies that use the QRS-T angle to find people
who are at high risk of SCD can help find new therapeutic
targets and help make prevention strategies that work
better.

Overall, the QRS-T angle is a useful way to measure CV
risk and can have a big effect on how patients are treated
and how well they do. But it should be used together
with other clinical information and diagnostic tests to get
a full picture of a person’s CV risk profile.

While the QRS-T angle can provide valuable informa-
tion about the risk of CVDs, it has some limitations in
predicting SCD. First of all, the QRS-T angle is affected
by things like age, sex, and heart rate, which can change
how well it can predict SCD. For example, the QRS-T angle
may be wider in younger individuals, which can lead to
false positive results. Secondly, the QRS-T angle is only
one of several ECG markers that can predict SCD, and it
may not be the most reliable. Other markers, such as the
QT interval and T-wave alternans, have been shown to
be better predictors of SCD in some studies. Finally, while
the QRS-T angle can help identify individuals at risk for
SCD, it does not provide information about the underly-
ing cause of SCD, such as coronary artery disease or ar-
rhythmia. Therefore additional tests may be needed to
determine the cause and inform the appropriate treat-
ment. In summary, the QRS-T angle is a useful tool in as-
sessing CV risk, but it has limitations in predicting SCD
and should be used in conjunction with other clinical in-
formation and diagnostic tests.

Confounding variables are variables that can affect the
relationship between the independent and dependent
variables in a study. They can distort the true relation-
ship between variables, leading to incorrect conclusions.
In research, it's important to identify and control for con-
founding variables to accurately assess the effect of the
independent variable on the dependent variable. The
QRS-T angle is a measure of the electrical activity of the
heart, calculated as the angle between the QRS complex
(a group of three waves on an electrocardiogram that
represent the electrical activation of the ventricles) and
the T wave (the wave that represents the electrical recov-
ery of the ventricles). The QRS-T angle is used in clinical
practice to assess the risk of cardiac events and to monitor
the effect of treatments.

Even though the QRS-T angle is not a confounding
variable by itself, it can be affected by other variables
that can act as confounding variables in studies that look
at the relationship between the QRS-T angle and other
variables. For example, factors like age, sex, and medical
history can affect the QRS-T angle and also be linked to
the outcome variable of interest. So, when looking at the

relationship between the QRS-T angle and clinical out-
comes, it's important to control for potential confound-
ing variables to accurately measure the effect of the QRS-
T angle on the outcomes of interest.

Conclusion

Significant evidence has gathered over the last decade
for the utility of the QRS-T angle metric in predicting
unfavorable cardiac outcomes. A wider QRS-T angle in-
creases ventricular ectopic activity, left ventricular dys-
function, and CVDs risk. Numerous studies have linked
a larger frontal QRS-T angle to CVDs, including myocar-
dial infarction, heart failure, and SCD. The evidence im-
plies that the frontal QRS-T angle is a valuable predictor
of CV risk and may have substantial clinical implications
for CVDs prevention and therapy. However, further re-
search is needed to properly understand the QRS-T angle
and CV illness and determine the best clinical usage of
this measure.
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