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Prognostic Implication of the QRS Axis and its Association
with Myocardial Scarring in Patients with Left Bundle Branch Block
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Background and Objectives: Left bundle branch block (LBBB) with left axis deviation (LAD) has a worse prognosis than LBBB with a normal
axis, and myocardial dysfunction has been suggested as a cause of left axis deviation. This study investigated the prognostic significance
of the QRS axis in patients with LBBB and analyzed its relationship with the amount of myocardial scarring.

Subjects and Methods: A total of 829 patients were diagnosed with LBBB at Seoul National University Hospital from October 2004 to
June 2014. Of these, 314 who were asymptomatic and had no previous history of cardiac disease were included in the present study.
Myocardial scarring was calculated using the Selvester QRS scoring system, and LAD was defined as a QRS axis between -180° and -30°.
Results: Of the total patients, 91 (29%) had LAD, and patients were followed for a median of 30 months. During follow-up, two patients
were hospitalized for de novo heart failure, four had pacemaker implants, and 10 died. There was a significant inverse correlation between
myocardial scar score and the QRS axis (r=-0.356, p<0.001). Patients with concomitant LAD had a higher rate of major cardiac adverse
events compared with patients with a normal axis (5.5% vs. 1.3%, log-rank p=0.010); the prognostic value was attenuated in
multivariable analysis (hazard ratio 4.117; 95% confidence interval 0.955-17.743; p=0.058).

Conclusion: Concomitant LAD is an indicator of poor prognosis for patients with LBBB and may be associated with greater myocardial

scarring. (Korean Circ J 2017;47(2):263-269)
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Introduction

The clinical implications of left axis deviation (LAD) in patients
with left bundle branch block (LBBB) have not been clearly
elucidated. Some studies have reported that patients with LAD do
not have a significantly different prognosis compared with patients
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with a normal QRS axis,"¥ while others have shown that patients
with LAD have a higher incidence of conduction abnormalities and
a poor prognosis, including cardiovascular death.*® Regardless of
the differences in prognosis, previous studies have proposed that
diseased myocardium is a plausible mechanism for axis deviation.¥¥

The Selvester QRS scoring system evaluates myocardial scarring
based on 12-lead electrocardiogram (ECG) readings and has been
updated for extensive application: it can be used to evaluate
patients with bundle branch block and also those with pacing
rhythm.”-9 The 12-lead ECG has valuable clinical significance and
has been validated with cardiac magnetic resonance imaging.'o"
Furthermore, since the 12-lead ECG is a widely used diagnostic tool
that is highly accessible, the myocardial scar score derived from
ECG may be valuable in clinic environments.

In this study, the association between the QRS axis and the
myocardial scar score was investigated in patients with LBBB. In
addition, the importance of a left axis deviation concomitant with
LBBB was evaluated.
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Subjects and Methods

Patients and data collection

This was a retrospective, observational cohort study. From
October 2004 to June 2014, 829 patients were evaluated by 12-
lead ECG and diagnosed with LBBB at Seoul National University
Hospital (Seoul, Korea). A total of 314 of these patients were
evaluated in the study. One hundred five patients were excluded
because they did not have ECG results available for review, or they
had been misdiagnosed with LBBB. An additional 410 patients were
excluded due to one or more of the following: severe valvular heart
disease, presence of an implantable cardiac defibrillator or cardiac
resynchronization therapy (CRT) device, history of cardiac surgery
or intervention, ischemic heart disease documented by imaging
studies, symptoms of ischemic heart disease or heart failure, or
previously proven cardiomyopathy or myocarditis (Fig. 1).

We obtained demographic data, data on the presence of
underlying diseases, clinical presentation, laboratory test results,
and the initial diagnosis of LBBB from the hospital electronic
medical records. Twelve-lead ECGs were performed as routine
practice. Blood sampling and tests were performed as part of
routine practice by laboratories certified by the Korean Association
of Quality Assurance for Clinical Laboratory. The study protocol

Patients recruited as LBBB (n=829)

Participants without recorded Twelve-lead ECG

or misdiagnosed as LBBB (n=105)

v

Patients disgnosed with LBBB (n=724)

Exclusion (n=410)

-Severe valvular heart disease (n=19)

-Presence of ICD, CRT or pacemaker (n=45)

—>| -History of cardiac surgery or intervention (n=131)

-History of cardiomyoparty or myocarditis (n=131)
-Documented ischemic heart disease by imaging (n=53)
-Symptoms of ischemic heart disease or heart failure (n=31)

v

Subjects (n=314)

! |

LBBB with left axis deviation LBBB with normal axis
(n=91) (n=223)

! |

MACE (5/91, 5.5%)

MACE (3/223, 1.3%)

Fig. 1. Flow chart of this study. LBBB: left bundle branch block, ECG:
electrocardiogram, ICD: implantable cardioverter defibrillator, CRT: cardiac
resynchronization therapy, MACE: major adverse cardiac event.
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was approved by our Institutional Review Board.

The criteria for diagnosing LBBB by 12-lead ECG were defined as:
QR or RS in leads V1 or V2; mid-QRS notching or slurring in >2 of
leads VV1,V2,V5,V6, |, and aVL; and QRS duration =140 ms (male) or
130 ms (female).'2™® Normal axis was defined as -30° <R axis <90°.
In addition to information on gender and age, a myocardial scar
score was calculated according to the previously reported Selvester
scoring protocol, which was applicable for LBBB patients.®®

Endpoints

The primary endpoint was any major adverse cardiovascular
event (MACE), defined as a composite of sustained ventricular
tachycardia or ventricular fibrillation, pacemaker implantation
due to complete atrioventricular block, CRT implantation, hospital
admission due to heart failure, or cardiovascular death.

Statistical analysis

Data are described as mean+standard deviation for continuous
variables and as numbers and frequencies for categorical variables.
The X? test or Fisher's exact test was applied for categorical
variables, and an unpaired Student's t-test was used for continuous
variables. A receiver-operating-characteristics curve was used to
evaluate the predictive power of the myocardial scar score on LAD.
Kaplan-Meier estimates were applied to evaluate the chronological
inclination of outcomes, and the log-rank test was used to analyze
the differences between groups (subjects with LAD, subjects with
normal axis). A multivariable Cox proportional-hazards regression
model was used to investigate the independent prognostic
indicators of MACE. Variables associated with MACE with p<0.1
in the univariate analysis were included as confounding factors
in the multivariate analysis. A two-sided p<0.05 was considered
statistically significant. Statistical tests were performed using IBM
SPSS Statistics version 22 (SPSS Inc., Chicago, IL, USA).

Results

Baseline characteristics of the study population

A total of 314 patients diagnosed with LBBB met the criteria for
analysis. Baseline characteristics were presented in Table 1. The
mean age was 68 years, 105 patients (33%) were male, 107 patients
(34%) had hypertension, 89 patients (28%) had diabetes mellitus,
and 32 patients (10%) had dyslipidemia. When classified according
to QRS axis, a total of 91 patients (29%) were classified with LAD,
and the remaining 71% had a normal axis. The mean+standard
deviation myocardial scar score of all LBBB patients was 3.99+2.12
at baseline. The mean+standard deviation myocardial scar score
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Table 1. Baseline characteristics stratified by QRS axis
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All subjects Normal axis Left axis deviation
(n=314) (n=223) (n=91) p

Demographic data

Age (years) 68.4+10.0 67.7+10.1 70.2+9.4 0.046
Men 33.4 323 36.3 0.498
Past medical history

Diabetes mellitus 283 274 308 0.542
Hypertension 34.1 BEY) 36.3 0.601
Dyslipidemia 10.2 10.8 8.8 0.600
Atrial fibrillation or flutter 1.0 09 1.1 0.867
Medication history

Aspirin 21.7 19.7 264 0.195
Beta blocker 15.9 17.0 13.2 0.397
Electrocardiography

QRS duration (ms) 148+12 147+12 150+ M 0.026
Axis (°) -6.2+34.1 8.7+28.7 -429+49.3 <0.001
Myocardial scar score 40+2.1 3.6+2.0 5.142.0 <0.001
Laboratory findings

Hemoglobin (mg/dL) 13.1+1.7 13.1+1.8 13.2+1.6 0.489
Total cholesterol (mg/dL) 176.5+37.1 176438 179436 0.537
HDL cholesterol (mg/dL) 50.8+14.7 50.5+15.4 51.8+12.1 0.704
Creatinine (mg/dL) 1.0+0.6 1.040.5 1.140.7 0.433
GFR (mL/min/1.73m?) 60.5+29.5 60.7+29.4 60.0+29.7 0.843

Values are presented as mean+standard deviation or number (%). HDL: high-density lipoprotein, GFR: glomerular filtration rate

was 3.6+2.0 for the normal axis group and 5.1+2.0 for the LAD
group. The LBBB patients with normal QRS axis were younger and
had comparable prevalence of hypertension, diabetes mellitus, and
dyslipidemia to those with left axis deviation.

Association between myocardial scar score and QRS axis

There was a significant inverse correlation between the myocardial
scar score and the QRS axis (r=-0.356, p<0.001) (Fig. 2A). The
myocardial scar score was also significantly associated with age
(r=0.184, p=0.001) and hemoglobin level (r=-0.165, p=0.007);
it was not correlated with body mass index (r=-0.028, p=0.627),
total cholesterol level (r=-0.039, p=0.526), or serum creatinine
level (r=0.040, p=0.504). In the ROC curve analysis, the area under
the curve of the myocardial scar score to predict LAD was 0.700
(95% Cl 0.639-0.761, p<0.001) (Fig. 2B).

Clinical outcomes
The median follow-up duration was 30 months (interquartile
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range: 6 to 63 months). During the follow-up period, 10 of 314
patients died (including two cardiovascular deaths caused by
ventricular fibrillation). Four patients underwent pacemaker
implantation due to complete atrioventricular block, and two
patients were admitted to the hospital due to de novo acute heart
failure (Table 2). None of the patients underwent CRT insertion.
Stratification according to the QRS axis indicated that patients in
the LAD group were older and demonstrated a higher incidence of
MACE compared with patients with a normal axis (5.5% vs. 1.3%,
log-rank p=0.010) (Fig. 3).

In a Cox-proportional hazard regression analysis, LAD was a
significant prognostic indicator of MACE in the univariate analysis
[hazard ratio (HR) 5.400; 95% confidence interval (Cl) 1.281-22.758:
p=0.022], while myocardial scar score failed to show prognostic
implication (HR 0.877; 95% Cl 0.619-1.243; p=0.460). The LAD
predictive value was marginally attenuated in multivariate analysis
(HR 4.117; 95% Cl 0.955-17.743, p=0.058) after adjusting for the
confounding variables of age, sex, and diabetes mellitus (Table 3).
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Fig. 2. Association between QRS axis and myocardial scar score. (A) There was an inverse correlation between QRS axis and myocardial scar score.
(B) Receiver-operating curves analysis: area under the curve of myocardial scar score to predict left axis deviation.

Table 2. Major adverse cardiovascular events according to QRS axis

Normal axis Left axis deviation
Sustained ventricular tachycardia or ventricular fibrillation 2 0
Complete atrioventricular block 3 1
CRT insertion or admission due to heart failure 0
Cardiovascular death 2" 0

*The same patients that experienced ventricular tachyarrhythmia. CRT: cardiac resynchronization therapy

Table 3. Univariate and multivariate Cox regression analyses for major adverse cardiac events

Univariate Cox analysis Multivariate Cox analysis
HR 95% CI p HR 95% Cl p
Age (years) 1.071 0.987-1.162 0.100 1.060 0.983-1.143 0.132
Male 1.794 0.448-7.185 0.409 1.702 0.417-6.944 0.459
DM 3.441 0.819-14.451 0.091 3.043 0.714-12.959 0.132
HT 1.628 0.405-6.535 0.492
Dyslipidemia 0.041 0.000-393.223 0.494
QRS duration (ms) 1.003 0.943-1.066 0933
Left axis deviation 5.400 1.281-22.758 0.022 4117 0.955-17.743 0.058
Myocardial scar score 0.877 0.619-1.243 0.460
Hemoglobin (mg/dL) 0.942 0.638-1.392 0.764
GFR (mL/min/1.73 m?) 0.984 0.962-1.006 0.157

Cl: confidence interval, HR: hazard ratio, DM: diabetes mellitus, HT: hypertension, GFR: glomerular filtration rate
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Fig. 3. Kaplan-Meier curves of major adverse cardiovascular event
incidence according to QRS axis in left bundle branch block patients.

Discussion

The study analysis indicated that the QRS axis of LBBB
patients was associated with the myocardial scar score, and LAD
concomitant with LBBB was a prognostic indicator of MACE.
The clinical prognostic importance of LAD in LBBB patients has
been reported in numerous studies; however, the results remain
controversial"®4"9 A recent study designed to include subjects
without clinical cardiovascular disease reported that LAD was
associated with a higher risk of mortality and cardiovascular
disease regardless of concomitant LBBB.'® The reason for the
different prognostic impact between studies, including ours, may
be explained by the different study populations, definition of
LAD, and study period (Table 4). Although the exact mechanism
for developing LAD is still uncertain, it has been suggested that
comorbidities such as hypertension and diabetes mellitus exert an
influence and result in conduction disturbance of fascicles and the
main left bundle.¥'™ In addition to prolonged and asynchronous
contraction due to concomitant LBBB, this could also cause poor
clinical outcomes.

Myocardial scarring is generated by both ischemic and
nonischemic damage.”"¥ The electrical depolarization initiates
from the free and septal walls of the right ventricle in LBBB patients,

www.e-kgej.org
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but this vector may be interrupted and recorded differently in
an ECG if myocardial scarring is present.® Because myocardial
scarring is considered to be a cumulative indicator reflecting
myocardial damage, we speculated that the QRS axis is related to
the myocardial scar score.

The Selvester QRS score, a quantitative scoring system calculated
from 12-lead ECG, can be used to estimate the myocardial scar
amount in the left ventricle. The scoring system was established
to estimate the myocardial infarct size and has been improved and
updated for applications in various conditions, including LBBB.- In
LBBB patients, the myocardial scar calculated by the Selvester QRS
score and that measured by cardiac magnetic resonance imaging
were significantly correlated (r=0.80, p<0.001) and showed a mean
difference of 7.6% overestimation. In regard to reproducibility,
absolute differences of 0.4 and 0.6 myocardial scar scores
were observed in intraobserver and interobserver examination,
respectively. The intraobserver and interobserver agreement were
k=0.96 and k=0.86, respectively, in a previous report.!? In this
study, we measured the myocardial scar with the Selvester QRS
scoring system based on the accuracy and reproducibility of the
test.

Our data was similar to previous studies that investigated the
prognosis of patients with LBBB and LAD and demonstrated a
significant negative correlation between the myocardial scar score
and the QRS axis in patients with LBBB. Despite the significant
inverse relationship between myocardial scar score and QRS axis,
a high myocardial scar score was not a statistically significant
prognostic indicator, in contrast to the presence of LAD in LBBB
patients (Table 3). Results have indicated that LAD, not the
myocardial scar score, was a prognostic indicator in LBBB patients,
and that LAD might be partially influenced by myocardial scarring
as well as by other confounding pathologic factors.

Limitations

There were several limitations to our analysis. This was a
retrospective cohort study, rather than a prospective cohort study;
therefore, there could be unmeasured confounding variables that
influenced the results. Additionally, although we only included
asymptomatic patients who did not have abnormal cardiac imaging
studies, we were not able to completely eliminate patients had
asymptomatic structural or functional heart disease who therefore
did not undergo a cardiac evaluation before the recruitment.
Finally, the R/S or R/Q ratio at lead Il was included in the Selvester
QRS scoring system, suggesting that patients with LAD had
higher myocardial scar scores. However, the myocardial scar score
difference between the two groups was larger than the scoring
point of lead II.
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Ventricular tachyarrhythmia, pacemaker

implantation due to complete

Patients with LAD had a higher rate of major

cardiac adverse events compared with patients

-180°< QRS axis
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previous cardiac disease

Park et al.
(ours)

atrioventricular block, CRT insertion,

=0.010)

with normal axis (5.5% vs. 1.3%, log-rank p

in Kaplan-Meier estimates

hospital admission due to heart failure,

or cardiovascular death

Median 28 months

<-30°

CRT: cardiac resynchronization therapy, LAD: left axis deviation, LBBB: left bundle branch block
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Conclusion

Concomitant LAD is a prognostic indicator that can predict

poor prognosis for patients with LBBB and may be associated
with greater myocardial scarring. There was a significant inverse

correlation between the QRS axis and the myocardial scar score
based on 12-lead ECG results.
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