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Abstract

BACKGROUND—— Repolarization abnormality in bundle branch blocks (BBB) is traditionally
ignored. This study evaluated the prognostic value of QRS/T angle for mortality in the presence
and absence of BBB.

METHODS and RESULTS—— Total 15,408 participants (mean age 54 years, 55.2% women,
26.9% blacks, 2.8% with BBB) were from the Arteriosclerosis Risk in Communities Study. Sex
stratified Cox regression models were used to compute hazard ratios (HR) with 95% confidence
intervals (CI) for coronary heart disease (CHD) and all-cause mortality for wide spatial QRS/T
angle with and without BBB including right BBB (RBBB), left BBB (LBBB) and indetermined-
type ventricular conduction defect (IVCD) and RBBB combined with left anterior fascicular
block. During a median 22-years follow-up, 4,767 deaths occurred, 728 of them CHD deaths.
Using the No-BBB with QRS/T angle below median value as gender-specific reference groups,
the mortality risk increase was significant for both women and men with No-BBB and QRS/T
angle above the median value. In the pooled ICVD/LBBB group, the risk for CHD death was
increased 15.9-fold in women and 6.04 fold in men, and for all-cause deaths 3.01-fold in women
and 1.84-fold in men. However, the mortality risk in isolated RBBB group was only significant
increase in women but not in men.
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CONCLUSION—— A wide spatial QRS/T angle in BBB is associated with increased risk for
CHD and all-cause mortality over and above the predictive value for BBB alone. The risk for
women is as high as or higher than that in men.
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INTRODUCTION

Wide QRS-T angle has been repeatedly shown to be predictive of adverse cardiovascular
disease (CVD) events [1-11] Traditionally, ECG repolarization abnormalities in the setting
of bundle branch blocks (BBB) are considered secondary to depolarization changes and of
little diagnostic or prognostic utility. Nevertheless, a recent report on predictors of heart
failure in the Atherosclerosis Risk In Communities (ARIC) Study showed that concomitant
presence of BBB and widened QRS/T angle carries a much higher risk of heart failure than
the presence of either predictor alone [11]. These findings suggest that repolarization
abnormalities in the setting of BBB may not be merely a benign consequence of BBB.
Therefore, we sought to evaluate prognostic significance of the QRS/T angle for coronary
heart disease (CHD) and all-cause mortality in persons with and without BBB.

METHODS

Study population and design

The study population consisted of 15,792 men and women aged 45 to 64 years who were
participants of the ARIC Study, a prospective epidemiologic study designed to investigate
the atherosclerotic disease from 4 US communities (Forsyth County, North Carolina;
Jackson, Mississippi; suburbs of Minneapolis, Minnesota; and Washington County,
Maryland). Eligible participants were interviewed at home and then invited to a baseline
clinical examination between 1987 and 1989. Participants attended 3 additional clinical
examinations at 3-year intervals and a recent 51 examination completed in 2013 for which
data is not included here. Annual telephone contact and surveillance for incident CVD
events have been conducted since the baseline visit. The study was approved by each study
site’s institutional review board. All participants provided written informed consent. Details
of the ARIC Study design, protocol sampling procedures, and selection and exclusion
criteria were published previously [12]. For the purpose of this analysis we excluded 384
participants: 201 without ECG, 136 with inadequate quality ECG or ECG diagnosis of
external pacemaker or Wolff-Parkinson-White pattern, and 47 who was neither African-
American nor white. Therefore 15,408 participants remained and were included in this
analysis.

Outcome ascertainment

The outcomes considered in the present investigation were incident fatal CHD event and all-
cause mortality that occurred from baseline through December 31, 2010. CHD deaths
included fatal myocardial infarction (MI) as well as sudden cardiac death defined as definite
or possible CHD death that occurred within one hour after the onset of acute symptoms, or
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has a history of chest pain within 72 hours before death, or a history of CVD at baseline. All
CHD events classification and specific criteria including the adjudication process have been
previously described [12-13].

ECG processing

Identical electrocardiographs (MAC PC, Marquette Electronics Inc., Milwaukee, Wisconsin)
were used at all clinic sites, and resting, 10-second standard simultaneous 12-lead ECGs
were recorded in all participants using strictly standardized procedures. All ECGs were
processed in a central ECG laboratory (initially at Dalhousie University, Halifax, NS,
Canada and later at the EPICARE Center, Wake Forest School of Medicine, Winston-Salem,
NC), where all ECGs were visually inspected for technical errors and inadequate quality.
Different patterns of BBB were classified according to the Minnesota Code (MC) criteria as
follows [14]: complete left BBB (LBBB, MC-7.1), complete right BBB (RBBB, MC-7.2,
QRS axis >-45 degree), indetermined-type ventricular conduction defect (IVCD, MC-7.4),
and combination of RBBB and left anterior fascicular block (LAFB) (MC-7.8, RBBB and
QRS axis between —45 and —120 degree). Global interval measurements were obtained from
the spatial magnitude functions of the QRS and T vectors of the quasi-orthogonal XYZ
leads. These in turn were computed from the standard 12-lead ECGs using the Kors
transform [15]. The algorithm developed for estimation of the onset of the global (from
simultaneous quasi-orthogonal leads) T wave was based on combined use of information of
the curvature function and ST segment convexity function described previously [8]. Of
special concern was securing a reliable estimate of T wave onset time in LBBB because ST
segment spatial magnitude starts increasing right after the end of QRS with no distinct
“plateau” period. It was observed, however, that the time point of maximum value of the ST
segment convexity provided a reasonably consistent estimate for T wave onset. Furthermore,
the value of the spatial QRS/T angle between the mean QRS and T vectors is relatively
insensitive to variations in the estimates of T wave onset and offset.

Statistical analysis

Frequency distributions of the variables used in analyses were first inspected to rule out
anomalies and outliers. Descriptive statistics were used to determine mean values, standard
deviations, and percentile distributions for continuous variables, and frequencies and
percentages for categorical variables. Cox’s proportional hazards analysis was used to assess
the associations of QRS/T angle and BBB (in isolation and combined) with the risk of CHD
death and all-cause mortality in incremental models: model-1 unadjusted, and model-2
adjusted for age, sex, race, field center, body mass index, systolic blood pressure, smoking
status, hypertension, diabetes mellitus, history of CVD, ratio of total cholesterol/high-
density lipoprotein, blood glucose, serum creatinine, and ECG QRS duration.

QRS/T angle was used in the models as a binary variable using gender-specific median as
the cut-off point (reference group QRS/T angle <median value) as well as quartiles. In
additional analyses, we excluded RBBB from the BBB group given the previous reports
RBBB was not prognostically as important as LBBB. Other additional analyses included
examining the associations between the spatial QRS/T angle and QRS duration in women
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and men. All analyses were performed with SAS version 9.3 (SAS Institute Inc., Cary,
North Carolina).

RESULTS

Baseline Demographic and ECG Characteristics

The mean age at baseline was 54 years (SD 5.8), 55.2% were women, and 26.9% African
American. About one third (35.0%) of the participants had hypertension, 11.9% had
diabetes, and 12% had a history of CVD. At baseline, BBBs were present in 429 (2.8%)
participants of whom 90 were LBBB, 181 RBBB, 111 IVVCD, and 47 bifasicular BBB
[RBBB combined with left anterior fascicular block (LAFB, n=28) or RBBB combined with
left posterior fascicular block (LPFB, n=19). Study group characteristics by the BBB status
(Table 1) show that most of the differences between BBB and No-BBB groups were
statistically significant.

Spatial QRS/T angle, bundle branch blocks and mortality risk

Of the 4,767 deaths during a median 22-years follow up, 728 were CHD deaths. Table 2 lists
hazard ratios for CHD and all-cause deaths for spatial QRS/T angle dichotomized at median
value in each subgroup by gender for the fully-adjusted risk model (Model 2). Using No-
BBB with QRS/T angle below median as gender-specific reference groups, the mortality
risk increase was significant for both women and men with No-BBB and QRS/T angle
above the median value (2-fold in women and 1.72-fold in men). In the pooled ICVD/LBBB
group including bifascicular blocks, the risk for CHD death was increased 15.9-fold in
women and 6.04 fold in men, and for all-cause deaths 3.01-fold in women and 1.84-fold in
men. The CHD death risk in isolated RBBB group with wide QRS/T angle was significant
increase in women (hazard ratio (HR) 3.82, 95% confidence interval (Cl) 1.18-12.4) but not
in men (HR 1.96, 95% CI 0.96-4.48). HRs for No-BBB or BBB with wide QRS/T angle for
all-cause deaths were similar to those for CHD deaths although the HR were lower. Overall,
the risk levels for wide spatial QRS/T angle in women with BBB were as high as those for
men, and for RBBB even higher in women than in men. Figure 1 and Figure 2 show survival
probability curves for CHD and all-cause mortality, respectively, in various subgroups of
QRS/T angle and BBB. The Figures show progressively increasing risk with the highest risk
in the group with combined wide spatial QRS/T angle and BBB.

When the spatial QRS/T angle was used in the models as quartiles, the risk of CHD death
increased progressively from quartile 1 to quartile 4 in each subgroup, and the combination
of BBB and wide QRS/T angle was associated with higher risk than that for each one alone
(not shown).

DISCUSSION

The present study evaluated the prognostic value of wide QRS/T angle for CHD and all-
cause mortality in men and women in the presence and absence of BBB. Using the No-BBB
group with QRS/T angle below median value as the reference group, the mortality risk was
increased 2-fold for isolated RBBB in women but the increase was not significant for RBBB
in men. The mortality risk increase was significant for both women and men with No-BBB
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and QRS/T angle above the median value, with a 2-fold in women and 1.72-fold increase in
men for CHD death. And in the pooled ICVD/LBBB group including bifascicular blocks
there was a profound increase both for CHD and all-cause mortality risk.

The question that often arises is why the normal repolarization in the left lateral wall is
crossmural, diagonal from epicardium towards endocardium predominantly in superior-
right- posterior direction, in general direction opposite to the spatial direction of
depolarization? A plausible explanation is that depolarization currents shorten action
potential durations (APD) but the shortening decays with a relatively short time constant. In
normal depolarization some LV free wall epicardial region is depolarized last, epicardial
APD and repolarization time RT (APDepi and RTepi) is shortest in that region. A
teleological notion why reversed repolarization and a narrower QRS/T angle is beneficial is
that in the course of evolution repolarization has been optimized so that RTendo is longer
than RTepi, and thus papillary muscles and AV valves are protected from acute distension at
the onset of rapid ventricular filling.

Clinical utility of prediction the risk of adverse outcomes over a long follow-up period is
often questioned because of changing environmental factors and therapeutic interventions
such as can be expected in patients with BBB. The counterargument is that the predicted
excess risk would likely be even higher without interventions. Preventive actions may take a
long period to reduce the risk, and therefore it is desirable to initiate preventive actions as
early as possible.

Possible mechanisms for increased mortality risk for wide QRS/T angle in bundle branch

blocks

The spatial direction of repolarization sequence in left ventricular lateral wall is
predominantly reversed with respect to the direction of depolarization and the spatial QRS/T
angle is relatively narrow in normal ventricular depolarization and repolarization. Any
deviations in the spatial direction of either depolarization or repolarization or both will
increase the QRS/T angle. A wide QRS/T angle represents a larger discordance between
depolarization and repolarization [16-17]. With more marked altered depolarization or
repolarization direction, repolarization changes gradually from predominantly reverse to
predominantly concordant with respect to depolarization. Particularly profound changes are
observed in LBBB and in left ventricular hypertrophy with the so called ECG strain pattern.
QRS/T angle in these conditions may occasionally approach 180° indicating nearly
concordant repolarization sequence [18]. Delayed left ventricular excitation leads into
dyssynchrony of ventricular contraction which has become an important consideration in
resynchronization therapy [19].

Altered ventricular depolarization sequence will always induce secondary repolarization
abnormalities. Delayed left ventricular repolarization and relaxation and both primary and
secondary repolarization abnormalities in BBB may well be independent additional
contributing factors to excess mortality risk. It is recognized, however, that the validity of
these postulated mechanisms for increased mortality risk remains an open question.
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Our results in relation to those by other investigators

In most previous studies the mortality risk for isolated RBBB has not been significant.
However, in the extensive Copenhagen Heart Study [20] there was an overall 1.87-fold
increase (HR 1.87, 95% CI 1.48-2.36) in cardiovascular mortality, with hazard ratios
comparable in men and women with the exception that significant association between
RBBB and MI was observed in women only (HR 2.79, 95% CI 1.50-5.22).

A number of studies in men and women with normal ventricular conduction have
documented that wide QRS duration is a significant predictor of CVD [7, 10-11, 21-24].
Risk models for evaluating the risk for wide QRS/T angle in our present study were adjusted
for QRS duration, and this study extended and demonstrated that a wide spatial QRS/T angle
in BBB is associated with increased risk for CHD and all-cause mortality in women and in
men.

Clinical implications

BBBs are considered as manifestations of a gradually evolving generalized degenerative
process involving not only bundle branches but also structural changes in working
myocardium [25]. This suggests that CHD prevention efforts started as early as possible can
be expected to improve the overall beneficial impact of intervention. Presentation of a wide
QRS/T angle in BBB and already before BBB develops may indicate a more pronounced
risk of CHD signaling the need for preventive actions.

Strengths and limitations

The ARIC study is well-designed cohort study with long term follow-up, all data used in the
analysis including ECG data were carefully ascertained and/or read at central core labs.
However, as in other observational studies, residual confounding remains a possibility
despite adjusting for several potential confounders. The population studied was restricted to
those with white and African-American ethnicity.

Conclusions

A wide spatial QRS/T angle in BBB is associated with increased risk for CHD and all-cause
mortality, and the risk is over and above the predictive value for BBB alone.
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bundle branch blocks (BBB) and spatial QRS/T angle using median value as a cut-off point.
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Survival probability curves for all-cause mortality across different combinations of bundle
branch blocks (BBB) and spatial QRS/T angle using median value as a cut-off point.
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Table 1

Baseline characteristic and outcomes of the study participants (N=15,408)

Means (SD), or n (%) No Bunc’illiﬁfg?gh Block  Bundle Bl;an%h Blocks P*_value
Age (years) 54 £5.8 57 5.4 <0.001
Body mass index (kg/m?) 28454 2845.1 0.038
Systolic blood pressure (mmHg) 121 +18.8 124 +20.7 0.001
Women (%) 8359 (55.8) 140 (32.6) <0.001
African-American (%) 4026 (26.9) 114 (26.6) 0.889
Education < high school (%) 8401 (56.0) 266 (62.0) 0.001
Current smoker (%) 3906 (26.1) 122 (28.4) 0.013
Hypertension (%) 5181 (34.7) 181 (42.7) 0.001
Diabetes (%) 1754 (11.8) 67 (15.7) 0.015
History of CVDT (9 1388 (9.3) 112 (26.1) <0.001
Antihypertensives (%) 4529 (30.3) 190 (44.3) <0.001
Cholesterol lowering drugs (%) 428 (2.9) 15 (3.5) 0.435
Ratio of total cholesterol/HDL 46+1.8 51#17 <0.001
Blood glucose (mg/dL) 109 +40.6 111 +36.6 0.263
Serum creatinine (mg/dL) 1.1+04 1.2+0.8 <0.001
Heart rate (/min) 66 £10.3 64 £10.7 <0.001
QRS duration (ms) 91 £9.6 137 +15.8 <0.001
QRS axis-Frontal (°) 30 £32.3 8.7 £54.2 <0.001
T axis-Frontal (°) 39 £31.8 46 +58.2 <0.001
QRS/T angle-Spatial (°) 69 £29.2 1098 +38.3 <0.001
Outcomes (Event rates/1000 person year)

Coronary heart disease death 24 9.4 <0.001
All-cause mortality 16.3 33.7 <0.001

P values for the mean differences between groups with bundle branch block and no bundle branch block.

THistory of cardiovascular disease (CVD) = classified by ECG evidence of myocardial infarction according to the Minnesota Code or the

Page 12

NOVACODE criteria, or a self-reported history of a clinical diagnosis of myocardial infarction, angina pectoris, coronary artery bypass surgery,
coronary angioplasty, heart failure, or stroke at the time of entry to the study.

8

Spatial QRS/T angle in the BBB group excluding RBBB 130 +34° in women and 118 +35° in men.

J Electrocardiol. Author manuscript; available in PMC 2016 July 01.



Zhang et al. Page 13

Table 2

Hazard ratios with 95% confidence intervals for Coronary heart disease and all-cause mortality for spatial
QRS/T angle dichotomized at median values by gender

Events/1000 person years Hazard Ratio® (95% Cli)

Women Men Women Men

1duasnuen Joyiny

1duosnuen Joyiny

Coronary heart disease death

No-BBB™
QRS/T <median® 0.8 2.2 1 (reference) 1 (reference)
QRS/T =median 2.1 53 2.00 (1.47-2.72)  1.72 (1.39-2.13)
RBBB
QRS/T <median® 17 2.9 1.93 (0.26-14.1)  0.24 (0.05-1.08)
QRS/T =median 6.5 8.1 3.82(1.18-12.4)  1.96 (0.96-4.48)
LBBB/IVCD*
QRS/T <median® 13 9.9 1.70 (0.23-12.4)  2.25 (1.20-4.20)
QRS/T =median 13.1 26.6 15.9 (7.10-35.4)  6.04 (3.92-9.31)
All-cause mortality
No-BBB™
QRSIT <median8 10.6 175 1 (reference) 1 (reference)
QRS/T zmedian 15.4 24.7 1.31(1.20-1.44) 1.14(1.05-1.24)
RBBB
QRS/T <median® 17.3 257  117(0.63-2.19) 0.87 (0.58-1.32)
QRS/T =median 34.7 39.5 1.84 (1.10-3.08)  1.26 (0.88-1.79)
LBBB/IVCD*
QRS/T <median® 226 289  165(L.00-2.71) 110 (0.79-1.54)
QRS/T =median 39.2 57.1 3.01 (1.94-4.65) 1.84 (1.41-2.41)

1duosnue Joyiny

1duasnuen Joyiny

*
BBB=bundle branch block; RBBB=right bundle branch block; LBBB=left bundle branch block; IVCD=indetermined type ventricular conduction
defect.

#Includes 47 bifascicular blocks [RBBB with left anterior fascicular block (LAFB, n=28) and RBBB with left posterior fascicular block (LPFB,
n=19)].

THazard ratio from risk model adjusted for age, race, field of residence, body mass index, systolic blood pressure, smoking status, education,
hypertension, diabetes mellitus, status of cardiovascular disease, ratio of total cholesterol/high density lipoprotein, blood glucose, serum creatinine,
and QRS duration at baseline.

¢Cl=confidence interval

§Median spatial QRS/T angle cut-off point in No-BBB group 59° for women and 75° for men, in RBBB group 95° for women and 91° for men,
and in LBBB/IVCD group 142° for women and 125° for men.
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