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Abstract

Introduction—Improvements in risk stratification for sudden cardiac arrest (SCA) will require
discovery of markers that extend beyond the LV ejection fraction (LVEF). The frontal QRS-T
angle has been shown to predict risk of SCA but the value of this marker independent of the LVEF
has not been investigated.

Methods and Results—Cases of adult SCA with an archived electrocardiogram (12-lead ECG)
available before the event, with a computable frontal QRS-T angle, were identified from the
Oregon Sudden Unexpected Death Study (Oregon SUDS) ongoing in the Portland, Oregon metro
area. A total of 666 SCA cases (mean age 67.2 years; 95% Cl, 52.3 to 82.1 years; 68.6% males)
were compared to 863 controls (mean age 66.6 years, 55.2 to 78.0 years; 68.1% males; 75.0% had
CAD) from the same geographical region. The mean frontal QRS-T angle was wider in cases (74°;
95% ClI, 17°-131°) compared to controls (51°; 95% ClI, 5°-97° p<0.0001). A frontal QRS-T angle
of more than 90° remained associated with increased risk of SCD after adjusting for age, gender,
heart rate, prolonged intraventricular conduction, electrocardiographic left ventricular hypertrophy
(ECG LVH), baseline comorbidities and left ventricular ejection fraction (LVEF) (OR 2.2; 95%
Cl, 1.60-3.09; p<0.0001).

Conclusion—A wide QRS-T angle greater than 90° is associated with an increased risk of SCA

independent of the left ventricular ejection fraction.
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Introduction

Methods

Sudden cardiac arrest (SCA) is a major public health challenge, representing approximately
20% of all mortality in industrialized countries and, more importantly, close to 50% of these
victims are not previously diagnosed to have cardiac disease.! Based on current guidelines,
only one-third of SCA patients would have been eligible for an implantable cardioverter-
defibrillator (ICD)2 and even in the subgroup with an ICD implanted, only a small
proportion are destined to receive appropriate therapies.3# Hence, there is a need to look
beyond the left ventricular ejection fraction (LVEF) in order to enhance SCA risk
stratification. Markers of abnormal ventricular repolarization identified from the standard
12-lead electrocardiogram (ECG) have garnered considerable interest in this regard.> One of
these is the frontal QRS-T angle, defined as the absolute difference between the QRS and T-
wave axis.b7 Several studies have identified an abnormally wide QRS-T angle as a predictor
of cardiovascular morbidity and mortality but the majority of these have used the spatial
rather than frontal QRS-T angle.8-10 Since the frontal QRS-T angle is a reasonable
substitute for the spatial QRS-T angle for risk prediction! and does not require additional
software for calculation, it makes it an attractive tool for the everyday clinician.

A recent Finnish population-based study established that a frontal QRS-T angle of >100°
conferred over a two-fold increase in the risk of arrhythmic death but echocardiographic
measures were not available, so the relationship to the left ventricular ejection fraction
(LVEF) could not be evaluated.? Given the importance of extending risk markers beyond
the LVEF, we evaluated the potential independent association of the abnormally wide frontal
QRS-T angle with SCA risk, from the ongoing Oregon Sudden Unexpected Death Study
(Oregon SUDS).

The Oregon Sudden Unexpected Death Study (Oregon SUDS) prospectively identifies cases
of SCA from out-of-hospital cardiac arrests in the Portland, Oregon, metropolitan region
(population of approximately 1 million). Detailed methods have been published
previously.2-313-18 Briefly, SCA cases were identified using multiple sources, including the
emergency medical services (EMS) response system, the medical examiner’s office and
local emergency departments, following a comprehensive process of in-house adjudication
by 3 physicians carried out to determine cases meeting pre-specified criteria for SCA. SCA
was defined as a sudden, unexpected, pulseless condition of likely cardiac origin, including
survivors. If unwitnessed, subjects had to be last seen alive in a normal state of health within
the preceding 24 hours. Subjects with terminal illnesses such as cancer, traumatic deaths,
drug overdoses and noncardiac causes of cardiac arrest such as pulmonary embolism were
excluded.

In the present study, SCA cases from 2002 till 2015 were compared to controls, with and
without coronary artery disease (CAD), from the same geographical area in the same time
frame. The analysis was restricted to cases and controls aged =18 years with a resting 12-
lead ECG available. For cases, this ECG had to be archived prior and unrelated to the SCA
event; and for controls, the ECG was obtained at the time of study enrollment visit or from
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clinic or hospital visits unrelated to the study. Since 280% of subjects with SCD were
previously demonstrated to have significant CAD on autopsy,1® we chose a control group
with a majority proportion of CAD but without history of SCA. Subjects were categorized as
having CAD if they had a =50% stenosis of an epicardial coronary artery or history of
myocardial infarction (M), coronary bypass graft surgery or percutaneous coronary
intervention. Controls were identified from patients undergoing coronary angiography at one
of the region’s major participating health systems or from patients transported by the
region’s EMS system with symptoms suggestive of coronary ischemia. Subjects with paced
rhythm or missing values of the QRS or T-wave axis were excluded from this study. The
study was approved by the Institutional Review Boards of Cedars-Sinai Medical Center,
Oregon Health and Science University and all participating hospitals and health systems.

Electrocardiographic measurements

A standard 12-lead ECG tracing at 25 mm/s paper speed and 10 mm/mV amplitude was
used for analysis. The frontal QRS-T angle was calculated as the absolute difference in value
between the frontal plane QRS axis and T-wave axis. If the difference between the QRS axis
and T-wave axis was >180°, the resultant QRS-T angle would be calculated as 360° minus
the absolute angle to obtain a value between 0° to 180°. Individual ECGs with a narrow and
wide QRS-T angle along with a schematic illustrating how the QRS-T angles are derived are
shown in Figures 1 and 2. A normal QRS axis was defined as —30° to 90° inclusive?® and a
normal T-wave axis as —15° to 105° inclusive in accordance to previous literature.21.22
Subjects with abnormal QRS axes were further categorized into left-axis deviation (-31° to
-90°), right-axis deviation (91° to 180°) or extreme QRS axis (181° to 269°)20,
Measurements of ECG intervals were conducted manually using digital onscreen software
(Datainf Measure: Datalnf GmbH; Tibingen, Germany). Prolonged intraventricular
conduction was defined as QRS duration (QRSD) >110ms including right and left bundle
branch blocks and nonspecific intraventricular conduction disturbance (IVCD) defined in
accordance to published recommendations.2? Subjects were categorized as having
electrocardiographic left ventricular hypertrophy (ECG LVH) if they met either Sokolow-
Lyon criteria (RV1 +SV5 g 235mm) or Cornell criteria (RaVL + SV3 >20mm in females and
>28mm in males).23:24,

LVEF was assessed by echocardiograms, angiograms or multi-gated acquisition scans that
were performed before and unrelated to the SCA event, and severely reduced LVEF was
defined as LVEF <35%.

Statistical analysis

All analyses were performed using SPSS version 21.0 (SPSS Inc., Chicago, IL, USA).
Independent-samples #tests and Pearson XZ tests were used for univariate case-control
comparisons of continuous and categorical variables, respectively. For variables with
missing values, proportions and Pvalues were calculated using the non-missing data as the
denominator. Multiple logistic regression models were used to estimate the odds ratios for
SCA. Two models including all potentially associated variables were analyzed. Values are
presented as n (%) or mean (95% CI) and a Pvalue of <0.05 was considered significant for
all analyses. A receiver-operating characteristics (ROC) curve analysis was done to measure
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the predictive ability of QRS-T angle as a continuous variable. The Youden index, calculated
as sensitivity + specificity — 1, is a statistical index often used in conjunction with the ROC
analysis to compare the diagnostic performance of test values.2® This index was used to
evaluate several QRS-T angle cut-offs.

A total of 1573 subjects were identified. Of these, 39 (2.5%) subjects were excluded due to
missing values on QRS axis or T-wave axis and 5 (0.3%) were excluded due to a paced
rhythm. Hence, 1529 subjects met inclusion criteria for this analysis, comprising of 666
SCA cases (mean age 67.2 years; 95% Cl, 52.3 to 82.1 years; 68.6% males; 84.1% whites)
and 863 controls with and without CAD (mean age 66.6 years, 55.2 to 78.0 years; 68.1%
males; 92.8% whites; 75.0% had CAD) from the same geographical region. Their baseline
characteristics, comorbidities, ECG parameters and LVEF are shown in Table 1. Cases were
older with more comorbidities compared to controls. They were also more likely to have
prolonged intraventricular conduction, abnormal QRS axis, ECG LVH, higher heart rate and
severely impaired LVEF versus controls. The mean frontal QRS-T angle was wider in cases
(74°; 95% ClI, 17°-131°) compared to controls (51°; 95% CI, 5°-97° p<0.0001), but the
proportion of subjects with an abnormal T-wave axis did not differ among cases and controls
(11.0% vs 10.1%, respectively; p=0.577).

Univariate analysis

As presented in Table 2, the QRS-T angle was significantly associated with SCA (OR 1.009
per degree increase in QRS-T angle; 95% Cl, 1.007 to 1.011; p<0.0001). As shown in Figure
3, the proportion of SCA cases increases with widening QRS-T angle and with every 10°
increase in QRS-T angle the odds of SCA increase by 9% (OR 1.09; 95% Cl, 1.07-1.11;
p<0.0001). Taking the highest quartile of QRS-T angle at 97° as a cut-off, the risk of SCD
increased by 2.5 times (OR 2.49; 95% CI, 1.96 to 3.15; p<0.0001) compared to the rest of
the subjects. Subjects with an abnormal QRS axis had an increased risk of SCA (n=321; OR
1.57; 95% ClI, 1.22-2.00; p<0.0001) and those with an extreme QRS axis had the highest
risk of SCA compared to those with a normal QRS axis (OR 4.22; 95% Cl, 1.54-11.6;
p=0.005). Among the subjects with an abnormal QRS axis, a QRS-T angle >90° remained
predictive of SCA independent of prolonged intraventricular conduction (n=321, OR 1.91;
95% ClI, 1.18-3.09; p=0.008). Using a receiver-operating characteristics (ROC) curve
analysis, the predictive ability of QRS-T angle for SCA was found to be 0.727 compared to
that of LVEF at 0.702. Combining the QRS-T angle with LVEF modestly improved the
predictive ability to 0.731. Evaluating several cut-off values for QRS-T angle in association
with SCA, presented in Table 3, the odds of SCA increased with a widening QRS-T angle
and correspondingly there was an expected drop in sensitivity and rise in specificity. The
Youden index was only marginally different between the various cut-offs of QRS-T angles
presented.

Multivariate analysis

On multivariate analysis, a QRS-T angle cut-off of 90° was used and two models were
adopted to adjust for potential confounders. These results are presented in Table 4. We
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included all variables that showed a significant difference between the cases and controls on
univariate analysis as well as variables that were previously found to have an association
with QRS-T angle. These include age, gender, heart rate, hypertension, diabetes mellitus,
prior myocardial infarction, prolonged intraventricular conduction, ECG LVH and left
ventricular dysfunction.®7:26.27 A QRS-T angle of >90° remained significantly associated
with SCA after adjusting for these variables.

Discussion

In this community-based study of SCA, a frontal QRS-T angle of greater than 90° on the
resting 12-lead ECG was significantly associated with SCA independent of age, gender,
heart rate, baseline comorbidities, prolonged intraventricular conduction, ECG LVH and
most importantly LVEF. Our findings serve to consolidate the prognostic significance of the
QRS-T angle and establish the potential utility of the abnormally wide frontal QRS- T angle
as a risk marker of SCA independent of the LVEF.

The QRS-T angle is a representation of axial differences between ventricular depolarization
and repolarization. In healthy individuals with structurally normal hearts, despite marginal
gender differences, the QRS-T angle has been shown to be narrow.2® Hence, a wide QRS-T
angle reflects an imbalance of electrical heterogeneity or discordance of depolarization and
repolarization,8 thus representing a vulnerable arrhythmic substrate.

The abnormally wide spatial QRS-T angle was associated with cardiovascular mortality in
several populations®-911.29 and, in a cohort of patients with ICD for primary prevention, a
wide frontal QRS-T angle was predictive of overall mortality and appropriate device
therapy.3? However, the calculation of the spatial QRS-T angle requires additional software
involving vectocardiograms that many physicians are not familiar with, and this hinders
widespread clinical use. Since Zhang et al showed the frontal QRS-T angle as a suitable
clinical substitute for the spatial QRS-T angle,!! several authors have described its
prognostic value in cardiovascular morbidity and mortality3931 and sudden cardiac death.12
These studies, however, excluded subjects with intraventricular conduction disturbance
(IVCD) or were limited by the lack of echocardiographic data.

The main strength of our study is the inclusion of all potential confounders namely age,
gender, heart rate, hypertension, prior myocardial infarction, prolonged intraventricular
conduction, ECG LVH and LV dysfunction;7:26.27 and even when adjusting for these
variables, QRS-T angle was independently associated with SCA. It is also notable that the
subjects with prolonged intraventricular conduction in our study accounted for 26.4% of
cases and 18.9% of controls; and even after correcting for these variables in a multivariate
model, QRS-T angle remained predictive of SCA. This finding suggests that despite the
deviation in axes as a result of electro-anatomical changes from conduction delays, a large
difference in the depolarization and repolarization axes remains prognostic for SCA.

When we examine the subjects with abnormal QRS axis in greater detail, it is not surprising
that the subjects with an extreme QRS axis had the highest risk of SCA compared to those
with a normal QRS axis. It is interesting, however, that abnormal left-axis deviation also
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conferred an increased risk of SCA (n=230; OR 1.36; 95% CI, 1.02-1.80; p=0.03). Two
hundred and six (64.1%) of these subjects had a QRS-T angle of >90°. A QRS-T angle cut-
off of >90° in this group remained associated with SCA independent of the presence of
prolonged intraventricular conduction (OR 2.14; 95% ClI, 1.21-3.80; p=0.009). These
findings suggest that the QRS-T angle has incremental value over an abnormal QRS axis.

Unlike previous reports, an abnormal T-wave axis was not associated with SCD in our
study.12:21.32 This goes against the contention that QRS-T angle does not add further value
to T-wave axis.33 There could be a few reasons for this. Aro et al defined the normal T-wave
axis as 0° to 90° and, since the T-wave axis was determined manually at 10° intervals, an
abnormal T-axis was regarded as <—10° and >100° that is marginally different from our
definition. We included patients with bundle branch blocks (excluded by Aro et al), and this
could also have affected the overall proportions with abnormal T-wave axis. However, we
performed a sensitivity analysis excluding patients with prolonged intraventricular
conduction and the results were unchanged (n=1190; OR 1.15; 95% Cl, 0.77 to 1.72;
p=0.508). Among other studies, Rautaharju et al studied the spatial T-axis in relation to
coronary heart disease while Kors et al studied the frontal T-wave axis in an elderly cohort
with a higher proportion of comorbidities and structural heart disease.21:2% Beyond the
specifics of differences in methodology, our data suggest the QRS-T angle could be a more
robust tool than just using the T-wave axis alone.

There are inherent challenges in determining an optimal cut-off value for QRS-T angle in
terms of the trade-off between sensitivity and specificity values. Aro et al chose 100° as a
cut-off for predicting SCD while other studies have used 90° as a cut-off for patients with
non-ischemic cardiomyopathy and post myocardial infarction, looking at adverse outcomes
and left ventricular dysfunction, respectively.2”-30 Importantly, an ROC analysis was
performed in two of these studies providing support for the use of 90° as a cut-off value. In
our ROC analysis, the different cut-off values for QRS-T angle yielded only marginal
differences in Youden index as shown in Table 3. Hence, it would not be appropriate to
determine a definitive cut-off value from our results. Based on past literature and the positive
findings in our multivariate analysis, we propose a cut-off value of 90°, recognizing that this
is a specific marker with at least modest sensitivity for increased SCA risk in the
community.

We recognize several limitations to our study, especially those inherent to community-based
studies, and these should be considered when interpreting our findings. Clinical data was not
universally available among all our study subjects. This is because approximately 40% of
subjects who suffer SCA have this condition as the first manifestation of cardiac disease and
hence may not have had any prior medical evaluations. LVEF was available in about 58% of
our study population; hence, the inclusion of LVEF in our multivariate analysis resulted in
decreased power.
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Conclusion

A wide frontal QRS-T angle greater than 90° was associated with an increased risk of SCA
independent of demographic characteristics, baseline comorbidities, prolonged
intraventricular conduction, ECG LVH and LVEF in this population. This simple ECG tool
should be evaluated as a measurement that could potentially enhance clinical risk
stratification for SCA.
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Electrocardiogram of a subject with a narrow QRS-T angle with a schematic depicting how
the QRS-T angle is derived. The QRS axis measures 50° while the T wave axis measures

40° giving a QRS-T angle of 10°.
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Electrocardiogram of a subject with a wide QRS-T angle with a schematic depicting how the
QRS-T angle is derived. The QRS axis measures —57° while the T wave axis measures 133°
giving a QRS-T angle of 170°. When the difference between the QRS axis and T wave axis
is >180°, the QRS-T angle is taken to be the 360 minus the absolute difference to obtain a

value between 0° and 180°.
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Figure 3.

Bar chart showing the proportion of case versus control subjects in each QRS-T angle

category.
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Table 1

Baseline Characteristics, ECG parameters and LVEF Among Cases and Controls

Total Subjects (n=1529)

Variable Cases (n=666) Controls (n=863) P value
Age, yrs 67.2 (52.3-82.1) 66.6 (55.2-78.0) 0.403
Male gender 457 (68.6) 588 (68.1) 0.84
Hypertension 495 (74.3) 590 (68.6) 0.015
Diabetes mellitus 269 (40.4) 228 (26.5) <0.0001

Total cholesterol, mg/dL ¥ 176.7 (126.9-226.5) 1731 (1283-217.9) 0231

Previous Ml 280 (42.0) 303 (35.2) 0.007
Heart rate, bpm 78.5(59.9-97.1) 68.2 (53.2-83.2) <0.0001
QRS duration, ms 102.8 (77.9-127.7) 98.1(77.1-119.1)  <0.0001
Prolonged intraventricular 176 (26.4) 163 (18.9) <0.0001
conduction

LBBB 44 (25.0) 38(23.3)

RBBB 50 (28.4) 59 (36.2)

Others 82 (46.6) 66 (40.5)
ECG LVH 114 (17.1) 103 (11.9) 0.004
Abnormal QRS axis 168 (25.2) 153 (17.7) 0.0004

Left-axis deviation 115 (17.3) 115 (13.3)

Right-axis deviation 37 (5.6) 33(3.8)

Extreme QRS axis 16 (2.4) 5(0.6)
Abnormal T axis 73 (11.0) 87 (10.1) 0.577
QRS-T angle, ° 74.0 (17.4-130.6) 51.0 (4.8-97.2) <0.0001
LVEF, %7 49.2 (32.9-65.5) 53.9 (40.7-67.1) <0.0001
Severely impaired LVEF’ 82(24.8) 54 (13.4) <0.0001

Data are presented as n (%) or mean (95% CI). Bpm denotes beats per minute; LBBB, left bundle branch block; LVEF, left ventricular ejection
fraction; ECG LVH, electrocardiographic left ventricular hypertrophy; M1, myocardial infarction; RBBB, right bundle branch block.
Prolonged intraventricular conduction defined as QRS duration (QRSD) >110ms; LBBB and RBBB, in accordance to published
recommendations;19 Others include incomplete LBBB, incomplete RBBB and non-specific intraventricular disturbance; ECG LVH, satisfying

either Sokolow-Lyon (RV1 +SV5 g 235mm) or Cornell criteria (RaVL + SV3 >20mm in females and >28mm in males)23v24; Abnormal QRS
axis, <—30° or >90°; Left-axis deviation, —=31° to —90°; Right-axis deviation, 91° to 180°; Extreme QRS axis, 181° to 269°; Abnormal T-wave axis,
<-15° or >105°; Severely impaired LVEF, <35%.

*
Information on total cholesterol levels was available for 402 cases and 710 controls. Proportions and P values were calculated using the non-
missing data as the denominator.

flnformation on LVEF was available for 330 cases and 402 controls. Proportions and P values were calculated using the non-missing data as the
denominator.
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Table 2

Univariate SCA odds ratios for QRS-T angle, and for abnormal QRS axis and T-wave axis.

OR (95% CI) P value

QRS-T Angle* 1.009 (1.007-1.011) <0.0001
10°increase 1.09 (1.07-1.11) <0.0001

QRS-T Angle in the highest quartile (>97°) 7 249 (1.96-3.15)  <0.0001

Abnormal QRS axis 157 (1.22-2.00)  <0.0001
Left-axis deviation? 1.36 (1.02-1.80) 0.03
Right-axis deviation? 1.48 (0.92-2.39) 0.11
Extreme QRS axis? 4.22 (1.54-11.6) 0.005

Abnormal T-wave axis 1.10 (0.79-1.53) 0.577

*
QRS-T angle analyzed as a continuous variable;
sting QRS-T angle of >97° as a cut-off compared to the rest of the subjects as reference.

’tCompared to normal QRS axis of —30° to 90° inclusive.

Abnormal QRS axis defined as <-30° or >90°; Left-axis deviation, =31° to —90°; Right-axis deviation, 91° to 180°; Extreme QRS axis, 181° to
269°; Abnormal T-wave, <-15° or >105°,
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Table 4

Multivariate models of variables associated with sudden cardiac arrest

Model 1 (n=1529)

Model 2 (n=880)"

OR (95% Cl)

P value

OR (95% ClI)

Pvalue

QRS-T angle >90°

Age

Male gender

Heart rate

Prolonged intraventricular conduction
Hypertension

Diabetes mellitus

Previous Ml

ECG LVH

Severely impaired LVEF/

1.8 (1.34-2.30)
1.0 (0.99-1.01)
1.1 (0.86-1.38)
1.0 (1.03-1.04)
1.0 (0.78-1.40)
1.2 (0.94-1.54)
1.6 (1.25-2.00)
1.1 (0.86-1.36)
1.2 (0.86-1.66)

<0.0001
0.47
0.47

<0.0001
0.78
0.14

0.0001

0.49
0.28

2.2 (1.59-3.10)
1.0 (1.00-1.02)
1.0 (0.71-1.32)
1.0 (1.01-1.03)
1.1 (0.74-1.56)
1.1 (0.78-1.60)
1.8 (1.30-2.38)
1.2 (0.90-1.62)
1.0 (0.67-1.50)
1.6 (1.09-2.46)

<0.0001
0.12
0.83

<0.0001
0.69
0.54

0.0002

0.22
0.99
0.02

Page 16

LVEF denotes left ventricular ejection fraction; MI, myocardial infarction; LVH by ECG, left ventricular hypertrophy by electrocardiographic

criteria

Prolonged intraventricular conduction defined as QRS duration (QRSD) >110ms; Severely impaired LVEF, <35%.

*
For Model 2, results were calculated using the non-missing data as the denominator.

flnformation on LVEF was available for 330 cases and 402 controls.

J Cardiovasc Electrophysiol. Author manuscript; available in PMC 2017 July 01.



	Abstract
	Introduction
	Methods
	Electrocardiographic measurements
	Statistical analysis

	Results
	Univariate analysis
	Multivariate analysis

	Discussion
	Limitations

	Conclusion
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2
	Table 3
	Table 4

