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Abstract

Background

Heart failure (HF) is associated with considerable mortality. The electrocardiographic frontal

QRS-T angle is a simple parameter to measure, reflects changes in the direction of the repo-

larization sequence and predicts outcome in patients with HF. Data regarding temporal

changes in the frontal QRS-T angle in patients with HF and its impact on outcome is limited.

Aim

To evaluate temporal changes in the frontal QRS-T angle and its effect on survival in

patients with HF.

Methods

Baseline and follow-up QRS-T angle were calculated from the frontal QRS and T axis of the

12-lead surface electrocardiogram. Patients were followed for survival.

Results

2,929 HF patients were evaluated. Median interval between baseline ECG and follow-up

ECG was 895 days, median follow-up time was 1526 days. Overall, the QRS-T angle tended

to be stable, with minor changes in the angle over time. The median QRS-T angle change

was +3˚ (IQR -19˚ to +30˚). Overall survival during follow-up was 60%. Cox regression anal-

ysis after adjustment for significant predictors demonstrated that the QRS-T angle was an

incremental predictor of increased mortality. A widening of the QRS-T angle during follow-

up was independently associated with an increase in mortality, evident with an increase of

the QRS-T angle difference above 0˚ (P<0.0001 for the adjusted model).

Conclusion

QRS-T angle is relatively stable in patients with HF and is a powerful predictor of outcome.

Widening of the QRS-T angle has predictive value and is an ominous sign.
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Introduction

Heart failure (HF) is an epidemic with a high rate of hospitalizations and death [1]. The elec-

trocardiogram (ECG) can provide important information on structural and electrophysiologi-

cal abnormalities in patients with HF. The spatial QRS-T angle, the angle between the

directions of ventricular depolarization and repolarization, represents abnormal cardiac struc-

ture and electrical heterogeneities resulting in changes of the repolarization direction. Due to

this, it is a strong marker of electrical instability and susceptibility to ventricular arrhythmias.

The spatial QRS-T angle has been shown to predict cardiovascular death in the general popula-

tion [2, 3] and is the strongest electrocardiographic predictor of cardiovascular death in

women [4]. The frontal QRS-T angle, a simplified and more obtainable parameter, conveys

comparable prognostic information [5, 6]. The frontal QRS-T angle predicts arrhythmic events

in patients with left ventricular dysfunction [7, 8] and is a predictor of outcome in patients

with chronic HF [9] as well as in patients with diastolic HF [10]. Data regarding temporal

changes in the frontal QRS-T angle in patients with HF and its impact on outcome is limited.

The purpose of the present study was to evaluate changes in the frontal QRS-T angle and its

effect on survival in patients with HF.

Methods

The data was obtained from a central computerized database of the largest health maintenance

organization (HMO), Clalit Health Services in Jerusalem, Israel, as described previously [9].

The database records digitally all data on the members of the HMO and includes demograph-

ics, comprehensive clinical data, diagnoses, and all laboratory data undertaken in a single cen-

tralized laboratory of the HMO. We retrieved electronically from the database all members

with a diagnosis of HF as coded by the database using the International Classification of Dis-

eases, Ninth Revision (ICD-9) code 428. 6,946 patients had a diagnosis of HF. Validation of

the diagnosis of HF was performed on a randomly computer-generated 5% of the diagnosed

HF patients (N = 338) as previously described[11]. In this group, 99% fulfilled the European

Society of Cardiology (ESC) criteria for the diagnosis of HF[12]. We retrieved the first ECG

performed in these patients within 6 months closest to July 2008, the time the database was

established. We also retrieved the last ECG available. Patients were followed until September

2012, end of the clinical follow-up time. 2,929 (42%) of the patients had a follow-up ECG for

analysis. These individuals compromised the cohort of this study. Echocardiography data per-

taining to left ventricular (LV) systolic function was available digitally in 45% of the cohort

(N = 1,306) and a separate analysis was performed on this population. Data on mortality was

retrieved from the National Census Bureau. The Institutional Committee for Human Studies

of the HMO—Clalit Health Services, approved the study protocol.

ECGs were acquired using the MAC 5500 ECG Diagnosis System (Marquette Electronics,

Milwaukee, Wisconsin) and standard 12-lead ECGs were recorded using standardized proce-

dures. ECGs were analyzed using the GE Marquette 12-SL ECG Analysis Program (Marquette

12SL ECG Physician Guide). All parameters analyzed were derived from this program. Frontal

plane QRS-T angle was defined as the absolute value of the difference between the frontal

plane QRS axis and T axis and was adjusted to an acute angle by (360˚—angle) for an angle

larger than 180˚.

Echocardiography data were performed according to standard recommendations of the

American Society of Echocardiography and the European Association of Cardiovascular Imag-

ing [13] and were evaluated and verified by qualified personnel. For descriptive purposes LV

systolic function was divided into categories based on the LV ejection fraction (LVEF) (�50%,

40–49%, 30–39% and<30%).
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SPSS version 17.0 for Windows (SPSS Inc., Chicago, Illinois, USA) and R Statistical Soft-

ware version 3.0.1 for Windows (R Development Core Team) was used for the analyses. Log10

was used for logarithmic transformations. Follow-up time was calculated using Kaplan-Meier

estimate of potential follow-up [14]. Kaplan-Meier curves, with the log-rank test, were used to

compare survival according to QRS-T angle categories. QRS-T angle categories were based on

the baseline QRS-T angle tertiles of the cohort stratified according to gender. Multivariable

Cox proportional hazards regression analysis was used to evaluate independent variables that

determined survival. Parameters included in the multivariable Cox regression analysis incor-

porated all significant clinical and laboratory parameters with the addition of drug therapy in

separate models. Parameters were entered into the model if considered relevant clinically or

significant on univariable analysis. Proportionality assumptions of the Cox regression models

were evaluated by log–log survival curves and with the use of Schoenfeld residuals. An evalua-

tion of the existence of confounding or interactive effects was made between variables and

their possible colinearity. Additional sensitivity analysis evaluated outcome with the exclusion

of LBBB or a ventricular-paced rhythm to eliminate possible confounding of clinical outcome

due to the presence of these features. Sensitivity analysis of changes in the QRS-T angle

excluded patients with LBBB or a ventricular-paced rhythm in baseline ECG or follow-up

ECG. Changes in the QRS-T angle was analyzed as a continuous variable using restricted cubic

splines multivariable Cox regression analysis with knots at the 5th, 50th and 95th percentiles of

the QRS-T angle change distribution. Kruskal Wallis test and linear regression analysis were

used to evaluate the association of the QRS-T angle and left ventricular systolic function. A

two-sided p-value of< 0.05 was considered statistically significant.

Results

Temporal changes in the QRS-T angle

The cohort of the study included 2,929 patients. Data regarding the characteristics of the

patients are presented in Table 1. The median time interval between baseline ECG and follow-

up ECG was 895 days (interquartile range (IQR) 316–1312 days). The median baseline QRS-T

Angle was 77˚ (IQR 33˚-135˚). Median follow-up QRS-T Angle was 88˚ (IQR 35˚-146˚). Dif-

ferences in the QRS-T angle during follow-up are presented in Fig 1. The median QRS-T angle

change was +3˚ (IQR -19˚ to +30˚). Overall, the QRS-T angle tended to be stable, with minor

changes in the angle. However, 25% of the patients had an increase in the QRS-T angle of

more than 30 degrees.

Clinical outcome

The median follow-up time was 1526 days. The overall mortality rate during this period was

39.6% (1,159/2,929). As there are differences in the QRS-T angle between genders we classified

patients based on tertiles of the QRS-T angle in our cohort of HF patients stratified by gender.

The tertile QRS-T angle percentiles were 40˚ and 103˚ in women and 51˚ and 125˚ in men.

We evaluated the predictive value of this parameter stratified according to these percentiles.

Increasing baseline QRS-T angle category was associated with an increased mortality rate. The

estimated cumulative survival rate at the median follow-up time was reduced with increasing

QRS-T angle category (Fig 2).

QRS-T angle: Independent predictor of outcome

Multivariable Cox regression analysis after adjustment for significant predictors (see Table 2

for the predictors included) demonstrated that baseline QRS-T angle was an independent
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incremental predictor of increased mortality (Table 2). Analysis, after the exclusion of patients

with LBBB or a ventricular-paced rhythm (N = 2560), 87% of the cohort, demonstrated that

the QRS-T angle was a significant predictor of increased mortality comparing the highest to

the lowest tertile (Table 3). Inclusion of HF medications did not change significantly the result

and baseline QRS-T angle remained a significant incremental predictor of increased mortality

(Table 3). A sensitivity analysis including only patients with left ventricular systolic function

available (N = 1,306), 45% of the cohort, demonstrated a very similar result; baseline QRS-T

angle was an independent predictor of survival (Table 3).

Widening of the QRS-T angle: Independent predictor of a worse outcome

We analyzed if a change in the QRS-T angle over time had prognostic significance. The

median follow-up time from the follow-up ECG was 342 days. A widening in the QRS-T angle

i.e. an increase in the QRS-T angle on follow-up was associated with an increase in mortality.

The estimated cumulative survival rate at the median follow-up time was reduced with a

QRS-T angle increase of more than 30˚ on follow-up (Fig 3A). Multivariable Cox regression

analysis in this cohort after adjustment for significant parameters as detailed in Table 4 dem-

onstrated that an increase in the QRS-T angle was an independent predictor of mortality. A

QRS-T angle difference greater than 30˚ was a significant predictor of mortality (HR 1.52, 95%

CI 1.28–1.79, P<0.001; Table 4). Inclusion of HF medications in the multivariable analysis

demonstrated again that an increase in the QRS-T angle was a predictor of mortality (HR 1.50,

95% CI 1.27–1.78, P<0.001; Table 4). Analysis, after the exclusion of patients with LBBB or a

ventricular-paced rhythm on baseline as well as follow-up ECG (N = 2260), 77% of the cohort,

demonstrated a similar result, with a significant increase in mortality with an increase of the

QRS-T angle on follow-up (Table 4). A sensitivity analysis including only patients with left

Table 1. Demographics and clinical characteristics of the patients.

Age (years) 74±13 Furosemide 2052 (70)

Gender (Men) 1551 (53) Thiazide 738 (25)

Diabetes Mellitus 1517 (52) Digoxin 340 (12)

Hypertension 2411 (82) Amiodorone 507 (17)

Hyperlipidemia 2506 (86) Aspirin 1999 (68)

Ischemic Heart Disease 2239 (76)

Atrial Fibrillation 847 (29) Heart rate (beats per minute) 73 (63–87)

Body Mass Index (kg/m2) 29 (28–31) PR interval (ms) 152 (114–178)

Systolic BP (mmHg) 127 (115–139) QRS interval (ms) 96 (84–122)

Diastolic BP (mmHg) 70 (65–79) corrected QT interval (ms) 455 (431–483)

Pulse (beats per minute) 72 (64–80) P axis (˚) 52 (34–66)

Creatinine (mg/dL) 1.0 (0.8–1.4) QRS axis (˚) 0 ((-32)-38)

eGFR (mL/min per 1.73m2) 60 (42–81) T axis (˚) 62 (25–109)

Urea (mg/dL) 50 (37–73) Baseline QRS-T Angle (˚) 77 (33–135)

Hemoglobin (g/dL) 13±2 Follow-up QRS-T Angle (˚) 88 (35–146)

Sodium (mEq/L) 140±3 QRS-T Angle change (˚) 3 ((-19)-30)

Left ventricular ejection fraction (<50%) 736 (56) Pacemaker 267 (9)

ACE-inhibitor / ARB 2303 (79) Left bundle branch block 198 (7)

Beta blockers 2095 (72) Left ventricule hypertrophy 503 (17)

Spironolactone 975 (33) Ventricular ectopic complexes 349 (12)

Data is presented as mean ± standard deviation or median (inter-quartile range) for continuous variables and counts (percentages) for categorical variables.

https://doi.org/10.1371/journal.pone.0194520.t001
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ventricular systolic function available (N = 1,306), 45% of the cohort, demonstrated a very sim-

ilar result (Table 4).

To further understand the exact impact of the QRS-T angle change on outcome, we per-

formed an analysis that examined the QRS-T angle change in actual degrees as a continuous

parameter using restricted cubic splines. Cox regression analysis after adjustment for significant

parameters including baseline QRS-T angle demonstrated that an increase in the QRS-T angle

was associated with an increase in mortality, evident with an increase of a QRS-T angle differ-

ence above 0˚ (Fig 3B), P<0.0001 for the adjusted model. A very similar result was obtained

with the exclusion of patients with LBBB or a ventricular-paced rhythm on either ECG.

QRS-T angle and left ventricular systolic function

We analyzed the relation between the baseline QRS-T angle and LV systolic function. The

QRS-T angle was associated with a reduction of systolic function. Linear regression analysis

demonstrated an inverse association between LVEF and the QRS-T angle (Fig 4A, P<0.0001

for the model). To further demonstrate this relationship, we divided patients into specific

LVEF categories and analyzed median QRS-T angle of each category. There was a direct rela-

tionship between reduction of left ventricular ejection fraction and a wider QRS-T angle

(Kruskal Wallis test, P<0.001; Fig 4B).

Fig 1. Changes in the QRS-T angle. Histogram of the QRS-T angle difference in degrees between baseline and follow-

up ECG. The continuous line denotes the normal distribution curve.

https://doi.org/10.1371/journal.pone.0194520.g001
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Fig 2. Kaplan Meier survival analysis according to baseline QRS-T angle category stratified by gender. The tertile

QRS-T angle percentiles were 40˚ and 103˚ in women and 51˚ and 125˚ in men. The estimated cumulative survival

rate at the median follow-up time was reduced with increasing baseline QRS-T angle category; 67.9±1.5% vs. 61.2

±1.5% vs. 52.1±1.6%, P<0.001.

https://doi.org/10.1371/journal.pone.0194520.g002

Table 2. Predictors of mortality by Cox regression analysis.

Univariable Multivariable

Hazard Ratio (95% CI) P Value Hazard Ratio (95% CI) P Value

Age (years) 1.04 (1.04–1.05) <0.001 1.03 (1.03–1.04) <0.001

Gender (Male) 0.94 (0.84–1.06) 0.32 1.22 (1.06–1.40) 0.005

Diabetes Mellitus 1.17 (1.04–1.31) 0.009 1.20 (1.04–1.38) 0.01

Hyperlipidemia 0.71 (0.61–0.83) <0.001 0.74 (0.62–0.89) 0.001

Hypertension 1.51 (1.27–1.79) <0.001 1.20 (0.99–1.47) 0.07

Ischemic Heart Disease 1.03 (0.90–1.18) 0.70 0.89 (0.75–1.05) 0.16

Atrial Fibrillation 1.04 (0.91–1.18) 0.59 0.94 (0.81–1.08) 0.37

Body Mass Index� (kg/m2) 0.06 (0.03–0.13) <0.001 0.09 (0.04–0.21) <0.001

Pulse� (beats per minute) 3.10 (1.64–5.86) <0.001 5.50 (2.77–10.93) <0.001

Urea (mg/dL)� 5.62 (4.35–7.26) <0.001 4.46 (2.78–7.17) <0.001

eGFR�� (mL/min per 1.73m2) 0.87 (0.85–0.90) <0.001 1.05 (1.00–1.10) 0.07

Hemoglobin (g/dL) 0.82 (0.79–0.85) <0.001 0.89 (0.86–0.93) <0.001

Sodium (mEq/L) 0.94 (0.92–0.96) <0.001 0.97 (0.95–0.99) <0.001

QRS-T Angle <0.001 <0.001

QRS-T Angle—Low 1.0 (Reference) 1.0 (Reference)

QRS-T Angle—Medium 1.28 (1.10–1.48) 0.001 1.19 (1.01–1.40) 0.04

QRS-T Angle—High 1.70 (1.47–1.96) <0.001 1.43 (1.22–1.69) <0.001

Data is presented as hazard ratio (95% confidence interval), P value.

� Log-transformed

�� Square root-transformed

https://doi.org/10.1371/journal.pone.0194520.t002
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Table 3. Hazard ratio for clinical outcome according to QRS-T angle levels by Cox regression analysis.

QRS-T angle Category P-value

Low Intermediate High

Univariable 1.0 (Reference) 1.28 (1.10–1.48), 0.001 1.70 (1.47–1.96), <0.001 <0.001

Multivariable 1.0 (Reference) 1.19 (1.01–1.40), 0.04 1.43 (1.22–1.69), <0.001 <0.001

Multivariable and Drugs 1.0 (Reference) 1.19 (1.01–1.40), 0.04 1.42 (1.21–1.68), <0.001 <0.001

Analysis of cohort after exclusion of patients with LBBB or paced ventricle

Univariable 1.0 (Reference) 1.28 (1.10–1.50), 0.002 1.66 (1.42–1.95), <0.001 <0.001

Multivariable 1.0 (Reference) 1.15 (0.97–1.36), 0.11 1.39 (1.17–1.66), <0.001 0.001

Multivariable and Drugs 1.0 (Reference) 1.16 (0.98–1.38), 0.09 1.42 (1.18–1.71), <0.001 <0.001

Sub-analysis of patients with available echocardiographic data regarding left ventricular systolic function

Univariable 1.0 (Reference) 1.36 (1.10–1.68), 0.005 1.60 (1.30–1.96), <0.001 <0.001

Multivariable 1.0 (Reference) 1.20 (0.94–1.53), 0.13 1.36 (1.08–1.71), 0.009 0.03

Multivariable and Drugs 1.0 (Reference) 1.19 (0.93–1.51), 0.16 1.33 (1.06–1.68), 0.02 0.05

Data is presented as hazard ratio (95% confidence interval), P value.

Parameters that were included in the multivariable analysis were age, gender, ischemic heart disease, diabetes, hyperlipdemia, hypertension, atrial fibrillation, log-

transformed body mass index, log-transformed pulse, log-transformed serum urea levels, square root-transformed estimated glomerular filtration rate, hemoglobin,

serum sodium.

Parameters that were included in the multivariable and drugs analysis included the above parameters and the drug treatment with angiotensin-converting enzyme

inhibitor/angiotensin receptor blocker, beta blocker, furosemide, spironolactone, thiazide and digoxin.

https://doi.org/10.1371/journal.pone.0194520.t003

Fig 3. Widening of the QRS-T angle on follow-up was associated with increased mortality. (A) Kaplan Meier survival analysis according to

QRS-T angle change calculated by the difference between follow-up and baseline ECG. An increase in the QRS-T angle on follow-up above 30˚

was associated with an increased mortality. The estimated cumulative survival rate at the median follow-up time of 342 days was reduced with an

increased QRS-T angle difference; 61.9±1.5% vs 63.6±1.9% vs. 53.3±2.0%, Log rank P<0.00001. (B) Cox regression analysis with adjusted hazard

ratio for mortality (with 95% confidence interval) of the QRS-T angle change as a continuous variable using restricted cubic splines with 3 knots at

the 5th, 50th and 95th percentiles of the QRS-T angle change distribution, P<0.0001. Parameters included were parameters outlined in Table 3 with

the addition of baseline QRST-T angle.

https://doi.org/10.1371/journal.pone.0194520.g003
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Discussion

The present study on a large cohort of patients with HF, demonstrated that the frontal QRS-T

angle was relatively stable in patients with diagnosed HF and has significant prognostic value.

The data showed that the frontal QRS-T angle on an initial ECG was a strong predictor of all-

cause mortality and is associated with left ventricular systolic function. Also, the present study

provides evidence that an increase in the QRS-T angle during follow-up is a predictor of

Table 4. Hazard ratio for mortality according to the difference in QRS-T angle between follow-up and baseline ECG by Cox regression analysis.

QRS-T angle difference between follow-up and baseline ECG

0˚-30˚ >30˚ P-value

Univariable 1.0 (Reference) 1.48 (0.97–2.27), 0.07 2.22 (1.48–3.33), <0.001 <0.001

Multivariable 1.0 (Reference) 1.02 (0.87–1.20), 0.78 1.52 (1.28–1.79), <0.001 <0.001

Multivariable and Drugs 1.0 (Reference) 1.02 (0.87–1.20), 0.77 1.50 (1.27–1.78), <0.001 <0.001

Analysis after exclusion of patients with LBBB or paced ventricle on baseline or follow-up ECG

Univariable 1.0 (Reference) 0.89 (0.75–1.05), 0.16 1.42 (1.21–1.66), <0.001 <0.001

Multivariable 1.0 (Reference) 0.97 (0.81–1.15), 0.69 1.54 (1.29–1.84), <0.001 <0.001

Multivariable and Drugs 1.0 (Reference) 0.98 (0.82–1.16), 0.79 1.55 (1.30–1.85), <0.001 <0.001

Sub-analysis of patients with available echocardiographic data regarding left ventricular systolic function

Univariable 1.0 (Reference) 0.98 (0.80–1.19), 0.81 1.60 (1.32–1.93), <0.001 <0.001

Multivariable 1.0 (Reference) 1.01 (0.81–1.26), 0.96 1.90 (1.52–2.38), <0.001 <0.001

Multivariable and Drugs 1.0 (Reference) 0.98 (0.78–1.22), 0.85 1.87 (1.49–2.34), <0.001 <0.001

Parameters that were included in the models were the parameters outlined in Table 3 with the addition of baseline QRS-T angle.

https://doi.org/10.1371/journal.pone.0194520.t004

Fig 4. Relation between QRS-T angle and left ventricular systolic function. (A) Scatter plot demonstrating an inverse linear relation between QRS-T angle and left

ventricular ejection fraction. Linear regression: R2 = 0.103, B = -1.06, Standard error 0.11, P<0.0001. (B) Box plot of the median QRS-T angle stratified according to

the left ventricular ejection fraction. Median QRS-T angle was wider with reduction in left ventricular ejection fraction (Kruskal Wallis test; P<0.001). Box plots

denote median and inter-quartile range (IQR); whiskers are of maximum 1.5 IQR.

https://doi.org/10.1371/journal.pone.0194520.g004
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increased mortality and is an ominous sign. Furthermore, there is a direct relation between the

magnitude of change in the QRS-T angle during follow-up and mortality.

The novel finding in this study is the temporal changes in the QRS-T angle and its impact

on outcome. The present study found that temporal changes in patients with established heart

failure are evident but relatively limited. However, an increase in the QRS-T angle over time

has prognostic significance and was associated with increased mortality in the present study.

The frontal QRS-T angle is an approximation of the spatial QRS-T angle, which is the angle

between the spatial axes of ventricular depolarization and repolarization. A greater angle rep-

resents a larger discordance between depolarization and repolarization. This signifies abnor-

mal and heterogeneous ventricular repolarization due to damaged or inhomogeneous areas of

myocardium, identifying patients with more advanced disease and at a higher risk for ventric-

ular arrhythmias and cardiovascular events. This is consistent with the association between

QRS-T angle and left ventricular systolic function seen in the present study. Furthermore, a

widening QRS-T angle likely represents a worsening of the underlying pathology and should

have an impact on clinical outcome. We did not have detailed information regarding clinical

status, ischemic events or left ventricular function during the follow-up, so it is not possible to

determine the exact cause of the QRS-T angle change in the present study. Also, it is not possi-

ble to say if specific therapy may affect the QRS-T angle. But it is probable that a change with

widening of the angle is related to deterioration in the clinical status of the HF patient and this

would have prognostic implications as seen in the present study.

Data regarding temporal changes in the QRS-T angle in patients with HF is limited. The

only study that analyzed changes was the Defibrillators in Nonischemic Cardiomyopathy

Treatment Evaluation (DEFINITE) trial9. In that study, 152 patients were evaluated and the

QRS-T angle was stable over time as seen in the present study. Widening of the QRS-T angle

during follow-up was associated with a decrease in LVEF and an increase in the QRS duration.

Conversely, an improvement in NYHA class was associated with narrowing of the QRS-T

angle. The above-mentioned study did not evaluate the impact on outcome.

Limitations of the study: The study was an observational study. Follow-up ECG was avail-

able in 42% of the cohort and this may introduce bias. The ECG parameters were analyzed

using a computer-based algorithm although these algorithms have been clinically validated

with a high accuracy. Data on functional capacity and natriuretic peptide levels were not avail-

able. Left ventricular ejection fraction was available in only 45% of the cohort.

Conclusion

The QRS-T angle is relatively stable in patient with HF and is a powerful predictor of outcome.

Widening of the QRS-T angle over time is a predictor of mortality. Further prospective

research is needed to support the findings of the present study.

Author Contributions

Conceptualization: Israel Gotsman, Ayelet Shauer, Yair Elizur.

Data curation: Israel Gotsman, Donna R. Zwas.

Formal analysis: Israel Gotsman, Donna R. Zwas.

Investigation: Israel Gotsman.

Methodology: Israel Gotsman.

Supervision: Israel Gotsman, Chaim Lotan, Andre Keren.

Frontal QRS-T angle changes and outcome in heart failure

PLOS ONE | https://doi.org/10.1371/journal.pone.0194520 March 26, 2018 9 / 10

https://doi.org/10.1371/journal.pone.0194520


References
1. Gotsman I, Zwas D, Lotan C, Keren A. Heart failure and preserved left ventricular function: long term

clinical outcome. PLoS One. 2012; 7(7):e41022. Epub 2012/07/26. https://doi.org/10.1371/journal.

pone.0041022 PMID: 22829907.

2. Kardys I, Kors JA, van der Meer IM, Hofman A, van der Kuip DAM, Witteman JCM. Spatial QRS-T

angle predicts cardiac death in a general population. European Heart Journal. 2003; 24(14):1357–64.

https://doi.org/10.1016/s0195-668x(03)00203-3 PMID: 12871693

3. Whang W, Shimbo D, Levitan EB, Newman JD, Rautaharju PM, Davidson KW, et al. Relations between

QRS|T angle, cardiac risk factors, and mortality in the third National Health and Nutrition Examination

Survey (NHANES III). Am J Cardiol. 2012; 109(7):981–7. Epub 2012/01/10. https://doi.org/10.1016/j.

amjcard.2011.11.027 PMID: 22221946.

4. Rautaharju PM, Kooperberg C, Larson JC, LaCroix A. Electrocardiographic abnormalities that predict

coronary heart disease events and mortality in postmenopausal women: the Women’s Health Initiative.

Circulation. 2006; 113(4):473–80. Epub 2006/02/02. https://doi.org/10.1161/CIRCULATIONAHA.104.

496091 PMID: 16449726.

5. Zhang ZM, Prineas RJ, Case D, Soliman EZ, Rautaharju PM. Comparison of the prognostic signifi-

cance of the electrocardiographic QRS/T angles in predicting incident coronary heart disease and total

mortality (from the atherosclerosis risk in communities study). Am J Cardiol. 2007; 100(5):844–9. Epub

2007/08/28. https://doi.org/10.1016/j.amjcard.2007.03.104 PMID: 17719331.

6. Aro AL, Huikuri HV, Tikkanen JT, Junttila MJ, Rissanen HA, Reunanen A, et al. QRS-T angle as a pre-

dictor of sudden cardiac death in a middle-aged general population. Europace. 2012; 14(6):872–6.

Epub 2011/12/21. https://doi.org/10.1093/europace/eur393 PMID: 22183749.

7. Pavri BB, Hillis MB, Subačius H, Brumberg GE, Schaechter A, Levine JH, et al. Prognostic Value and

Temporal Behavior of the Planar QRS-T Angle in Patients With Nonischemic Cardiomyopathy. Circula-

tion. 2008; 117(25):3181–6. https://doi.org/10.1161/CIRCULATIONAHA.107.733451 PMID: 18574059

8. Borleffs CJW, Scherptong RWC, Man S-C, van Welsenes GH, Bax JJ, van Erven L, et al. Predicting

Ventricular Arrhythmias in Patients With Ischemic Heart Disease / CLINICAL PERSPECTIVE. Circula-

tion: Arrhythmia and Electrophysiology. 2009; 2(5):548–54.

9. Gotsman I, Keren A, Hellman Y, Banker J, Lotan C, Zwas DR. Usefulness of electrocardiographic fron-

tal QRS-T angle to predict increased morbidity and mortality in patients with chronic heart failure. Am J

Cardiol. 2013; 111(10):1452–9. Epub 2013/03/05. https://doi.org/10.1016/j.amjcard.2013.01.294

PMID: 23453457.

10. Selvaraj S, Ilkhanoff L, Burke MA, Freed BH, Lang RM, Martinez EE, et al. Association of the frontal

QRS-T angle with adverse cardiac remodeling, impaired left and right ventricular function, and worse

outcomes in heart failure with preserved ejection fraction. J Am Soc Echocardiogr. 2014; 27(1):74–82

e2. Epub 2013/10/01. https://doi.org/10.1016/j.echo.2013.08.023 PMID: 24075945.

11. Gotsman I, Shauer A, Zwas DR, Hellman Y, Keren A, Lotan C, et al. Vitamin D deficiency is a predictor

of reduced survival in patients with heart failure; vitamin D supplementation improves outcome. Eur J

Heart Fail. 2012. Epub 2012/02/07. https://doi.org/10.1093/eurjhf/hfr175 PMID: 22308011.

12. Dickstein K, Cohen-Solal A, Filippatos G, McMurray JJ, Ponikowski P, Poole-Wilson PA, et al. ESC

guidelines for the diagnosis and treatment of acute and chronic heart failure 2008: the Task Force for

the diagnosis and treatment of acute and chronic heart failure 2008 of the European Society of Cardiol-

ogy. Developed in collaboration with the Heart Failure Association of the ESC (HFA) and endorsed by

the European Society of Intensive Care Medicine (ESICM). Eur J Heart Fail. 2008; 10(10):933–89.

Epub 2008/10/02. https://doi.org/10.1016/j.ejheart.2008.08.005 PMID: 18826876.

13. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L, et al. Recommendations for car-

diac chamber quantification by echocardiography in adults: an update from the American Society of

Echocardiography and the European Association of Cardiovascular Imaging. Eur Heart J Cardiovasc

Imaging. 2015; 16(3):233–70. Epub 2015/02/26. https://doi.org/10.1093/ehjci/jev014 PMID: 25712077.

14. Schemper M, Smith TL. A note on quantifying follow-up in studies of failure time. Control Clin Trials.

1996; 17(4):343–6. Epub 1996/08/01. PMID: 8889347.

Frontal QRS-T angle changes and outcome in heart failure

PLOS ONE | https://doi.org/10.1371/journal.pone.0194520 March 26, 2018 10 / 10

https://doi.org/10.1371/journal.pone.0041022
https://doi.org/10.1371/journal.pone.0041022
http://www.ncbi.nlm.nih.gov/pubmed/22829907
https://doi.org/10.1016/s0195-668x(03)00203-3
http://www.ncbi.nlm.nih.gov/pubmed/12871693
https://doi.org/10.1016/j.amjcard.2011.11.027
https://doi.org/10.1016/j.amjcard.2011.11.027
http://www.ncbi.nlm.nih.gov/pubmed/22221946
https://doi.org/10.1161/CIRCULATIONAHA.104.496091
https://doi.org/10.1161/CIRCULATIONAHA.104.496091
http://www.ncbi.nlm.nih.gov/pubmed/16449726
https://doi.org/10.1016/j.amjcard.2007.03.104
http://www.ncbi.nlm.nih.gov/pubmed/17719331
https://doi.org/10.1093/europace/eur393
http://www.ncbi.nlm.nih.gov/pubmed/22183749
https://doi.org/10.1161/CIRCULATIONAHA.107.733451
http://www.ncbi.nlm.nih.gov/pubmed/18574059
https://doi.org/10.1016/j.amjcard.2013.01.294
http://www.ncbi.nlm.nih.gov/pubmed/23453457
https://doi.org/10.1016/j.echo.2013.08.023
http://www.ncbi.nlm.nih.gov/pubmed/24075945
https://doi.org/10.1093/eurjhf/hfr175
http://www.ncbi.nlm.nih.gov/pubmed/22308011
https://doi.org/10.1016/j.ejheart.2008.08.005
http://www.ncbi.nlm.nih.gov/pubmed/18826876
https://doi.org/10.1093/ehjci/jev014
http://www.ncbi.nlm.nih.gov/pubmed/25712077
http://www.ncbi.nlm.nih.gov/pubmed/8889347
https://doi.org/10.1371/journal.pone.0194520

