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BACKGROUND Patients with left bundle branch block (LBBB) often respond to cardiac resynchronization therapy

(CRT) with left ventricular ejection fraction (LVEF) improvement. Guideline-directed medical therapy (GDMT), not CRT, is

first-line therapy for patients with reduced LVEF with LBBB. However, there are little data on how patients with reduced

LVEF and LBBB respond to GDMT.

OBJECTIVES This study examined patients with cardiomyopathy and sought to assess rates of LVEF improvement for

patients with LBBB compared to other QRS morphologies.

METHODS Using data from the Duke Echocardiography Laboratory Database, the study identified patients with baseline

electrocardiography and LVEF #35% who had a follow-up LVEF 3 to 6 months later. The study excluded patients with

severe valve disease, a cardiac device, left ventricular assist device, or heart transplant. QRS morphology was classified as

LBBB, QRS duration <120 ms (narrow QRS duration), or a wide QRS duration $120 ms but not LBBB. Analysis of variance

testing compared mean change in LVEF among the 3 groups with adjustment for significant comorbidities and GDMT.

RESULTS There were 659 patients that met the criteria: 111 LBBB (17%), 59 wide QRS duration $120 ms but not LBBB

(9%), and 489 narrow QRS duration (74%). Adjusted mean increase in LVEF over 3 to 6 months in the 3 groups was

2.03%, 5.28%, and 8.00%, respectively (p < 0.0001). Results were similar when adjusted for interim revascularization

and myocardial infarction. Comparison of mean LVEF improvement between patients with LBBB on GDMT and those not

on GDMT showed virtually no difference (3.50% vs. 3.44%). The combined endpoint of heart failure hospitalization or

mortality was highest for patients with LBBB.

CONCLUSIONS LBBB is associated with a smaller degree of LVEF improvement compared with other QRSmorphologies,

even with GDMT. Some patients with LBBB may benefit from CRT earlier than guidelines currently recommend.
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AB BR E V I A T I O N S

AND ACRONYM S

ACE = angiotensin-converting

enzyme

ARB = angiotensin receptor

blocker

BB = beta-blocker

CRT = cardiac

resynchronization therapy

ECG = electrocardiogram

GDMT = guideline-directed

medical therapy

LBBB = left bundle branch

block

LV = left ventricular

LVEF = left ventricular

ejection fraction

NQRS = narrow QRS duration

NYHA = New York Heart

Association

WQRS = non–left bundle

branch block with wide QRS

duration
I n patients with cardiomyopathy, traditional in-
terventions to improve left ventricular ejection
fraction (LVEF) include medical modulation of

the renin-angiotensin-aldosterone axis or direct
intervention on a reversible cardiac pathology, such
as coronary artery disease, valvular heart disease, or
arrhythmia-induced tachycardia (among others)
(1–3). More recently, cardiac resynchronization
therapy (CRT) has introduced correction of electro-
mechanical dyssynchrony as a powerful new mecha-
nism to induce left ventricular (LV) functional
recovery (4–8).

Most clinical trials that have studied CRT have
found that it is only efficacious in patients with left
bundle branch block (LBBB) (5,9–12). This implicitly
suggests that LBBB may represent a previously un-
recognized cause of LV dysfunction. Although LBBB
has long been identified as a comorbid factor carrying
an adverse prognosis, there is now evidence that
LBBB not only leads to adverse patient outcomes in
otherwise healthy patients, but as seen in dog
models, and small retrospective series, may also be a
potential cause of nonischemic cardiomyopathy itself
(13–17).

Although CRT is considered the definitive treatment
for patients with LBBB and symptomatic cardiomy-
opathy, it remains unclear how LBBB affects rates of
LV functional recovery in patients without a cardiac
device. For example, current guidelines recommend at
least 3 months of guideline-directed medical therapy
(GDMT) before implantation of CRT, in the hopes that
medical therapy alone will lead to improvement in
LVEF (8). However, it is worth emphasizing that none
of the major trials supporting medical therapy strati-
fied outcome analyses by the presence or absence of
LBBB or reported QRS morphology as a baseline
clinical characteristic (18–25).
SEE PAGE 318
This study sought to examine how LBBB affects
rates of LV functional recovery in patients with
cardiomyopathy. We made use of the Duke Echocar-
diography Laboratory Database and Duke Electrocar-
diography database to identify patients with a
diagnosis of cardiomyopathy, an electrocardiogram
(ECG), and a follow-up echocardiogram in 3 to
6 months. We hypothesized that in the “real world,”
LBBB would be a significant predictor for decreased
rates of LV functional recovery, and that many pa-
tients with LBBB would not improve their LVEF by
>35%. This would suggest that some patients might
benefit from receiving CRT earlier than current
guidelines recommend.
METHODS

DATA SOURCES. The study cohort was
selected from the Duke Echocardiography
Laboratory Database. It includes all clinical
echocardiograms performed at Duke Univer-
sity Health System since 1995, and its setup
has been described previously (26). Basic
demographic information is available, and
patient clinical data are imported from the
Duke Decision Support Repository and Duke
Databank for Cardiovascular Disease. For the
purposes of this study, the Duke Echocardi-
ography Laboratory Database was linked to
the ECG reporting database to identify pa-
tients with both a baseline echocardiogram
and ECG.

Direct chart review was conducted to
determinemedication use. The occurrences of
the following nonbaseline events were iden-
tified from the Duke Databank: 1) intercurrent
percutaneous coronary intervention; 2) inter-
current bypass surgery; and 3) intercurrent

myocardial infarction. The time period for intercur-
rent revascularization procedures was pre-specified to
include dates from 2 weeks before baseline echocar-
diogram to the time of follow-up echocardiogram.
Intercurrent myocardial infarction was pre-specified
to be any myocardial infarction that occurred
between baseline and follow-up echocardiogram.
Heart failure hospitalizations after follow-up echo-
cardiogram could be obtained for any admission at a
Duke-affiliated hospital through the electronic medi-
cal record. All-cause mortality was obtained through
the medical record and National Death Index.

DEFINITIONS. The diagnosis of cardiomyopathy
reflected an LVEF #35%, assessed visually by an
attending cardiologist with level 3 training in echo-
cardiography. The designation of LBBB in the Duke
Electrocardiography database matches the clinical
diagnosis of attending cardiologists at Duke Univer-
sity Hospital responsible for reading patient ECGs.
Patients without a clinical read of LBBB were strati-
fied by QRS duration. Patients without LBBB who had
a wide QRS duration $120 ms (WQRS) were placed
into one group, whereas patients with a narrow QRS
duration <120 ms (NQRS) were placed into a second
comparator group. For the purpose of a sensitivity
analysis, a physician trained in the Strauss criteria
provided an additional over-read of all LBBB ECGs
and placed these patients either into a strict LBBB
group or back into the WQRS group (27). Use of GDMT
was defined as use of a beta-blocker (BB) plus an
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angiotensin-converting enzyme (ACE) inhibitor or
angiotensin receptor blocker (ARB). Patients were
categorized as being on medication if they had
documented drug use between echocardiograms
for $30 days, and were not stopped >2 weeks
before follow-up echocardiogram. To show
changes in medications, the doses before baseline
echocardiogram and at time of follow-up echocar-
diogram were also obtained.

STUDY POPULATION. The study cohort comprised
patients with an LVEF #35% on baseline echocar-
diogram, who had an ECG within 30 days after or
6 months beforehand. Only patients with baseline
echocardiograms occurring before January 1, 2014,
were eligible for inclusion. Patients were excluded if
they had severe aortic or mitral valve disease, a his-
tory of prior heart transplantation, evidence of any
prior cardiac device including pacemaker or defibril-
lator, a prior left ventricular assist device, or no
follow-up echocardiogram. An eligible follow-up
echocardiogram was defined as the first echocardio-
gram occurring between 3 and 6 months after base-
line. Patients with a heart transplant, placement of a
cardiac device (pacemaker or defibrillator), or left
ventricular assist device before follow-up echocar-
diogram were excluded.

STUDY OUTCOMES. The primary outcome of this
study was change in LVEF over a period of 3 to
6 months. This time frame was selected because
current guidelines, supported by clinical trials,
recommend at least 3 months of GDMT for LV func-
tional recovery (8,28). This time frame also allowed
for an adequate study population. LVEF was selected
because it was available in almost all patients in the
echocardiogram database and is the primary echo-
cardiogram criterion in current device implantation
guidelines. A secondary outcome assessed rates of LV
functional recovery to an LVEF >35%. Clinical out-
comes included time to heart failure hospitalization
and time to mortality, both measured after follow-up
echocardiogram.

STATISTICAL ANALYSIS. Normality of continuous
change in LVEF between baseline and follow-up
echocardiogram was assessed graphically and found
to be valid. Analysis of variance modeling was used to
test for unadjusted mean differences in LVEF change
across study groups. Multiple comparison procedures
using Tukey’s adjustment were conducted to deter-
mine significant differences in mean LVEF change
across LBBB versus WQRS versus NQRS patient
populations (29).

Regression analyses were used to examine adjusted
differences in continuous changes in LVEF over time
among the 3 groups. The following clinical character-
istics were pre-specified to be included: age, sex,
use of GDMT, history of atrial arrhythmias, and LVEF.
In addition, backward selection of baseline character-
istics (Table 1) found significant (p < 0.05) between
groups created a parsimonious model of factors asso-
ciated with LVEF change, using p < 0.10 for inclusion
in the final model. These included baseline left atrial
size, prior myocardial infarction, heart rate, cerebro-
vascular disease, and history of congestive heart fail-
ure stratified by time of diagnosis (no congestive heart
failure, diagnosis within 1 month of baseline
echocardiogram, $1 month, and $1 year). Though
significantly different, LV end-systolic diameter was
not included in the model as the median difference
between the LBBB and NQRS groups was only 2 mm
and LVEF was already a covariate. Linearity of all
continuous confounders was assessed and linear
spline transformations were applied to age and heart
rate to approximate nonlinearity. Least squares
methods were used to provide the adjusted mean
change in LVEF over time in the 3 groups and slope
estimateswere reportedwith 95% confidence intervals
and p values for a significant change in LVEF overtime.
Multiple comparison procedures using Tukey’s
adjustment were conducted to determine specific
group differences in adjusted mean LVEF change (29).

A second analysis conducted unadjusted and
adjusted binary logistic regression analyses to deter-
mine the incidence of LVEF increase to >35% at
follow-up for NQRS and WQRS patient populations in
reference to LBBB patient population. Adjusted ana-
lyses contained the same list of covariates included in
the final multivariate model used for continuous
change in LVEF. Last, time to heart failure hospitali-
zation, time to mortality, and time to the combined
endpoint of heart failure hospitalization or mortality
was estimated and displayed graphically for the 3 QRS
groups using the Kaplan-Meier technique.

SENSITIVITY ANALYSES. Three sensitivity analyses
repeated the main analysis for continuous change in
LVEF over time. The first focused only on the subset of
patients who were on GDMT. The second excluded
patients with any intercurrent revascularization or
myocardial infarction. The third reclassified patients
in the LBBB group to either a strict LBBB group or back
into the WQRS group. A final analysis compared pa-
tients on GDMT with those not on GDMT by testing for
an interaction between GDMT and the 3 QRS groups.

RESULTS

The study population consort diagram is presented in
Figure 1. Fewer NQRS patients died before potential



TABLE 1 Baseline Clinical Characteristics

Overall
(N ¼ 659)

LBBB
(n ¼ 111)

WQRS
(n ¼ 59)

NQRS
(n ¼ 489) p Value

Demographics

Age, yrs 59 (48–69) 65 (56–75) 62 (50–72) 57 (46–67) <0.001

Female 270 (41.0) 61 (55.0) 14 (23.7) 195 (39.9) <0.001

Congestive heart failure 145 (22.0) 32 (28.8) 16 (27.1) 97 (19.8) 0.072

Duration, months 1 (0–13) 7 (0–46) 2 (0–11) 1 (0–7) 0.012

Hypertension 448 (68.0) 84 (75.7) 40 (67.8) 324 (66.3) 0.158

Diabetes 225 (34.1) 42 (37.8) 20 (33.9) 163 (33.3) 0.664

Peripheral artery disease 56 (8.5) 13 (11.7) 4 (6.8) 39 (8.0) 0.393

Cerebrovascular disease 78 (11.8) 22 (19.8) 6 (10.2) 50 (10.2) 0.017

Chronic kidney disease 88 (13.4) 16 (14.4) 5 (8.5) 67 (13.7) 0.503

History of smoking 259 (39.3) 44 (39.6) 30 (50.8) 185 (37.8) 0.154

Hyperlipidemia 297 (45.1) 56 (50.5) 29 (49.2) 212 (43.4) 0.320

Coronary artery disease 387 (58.7) 67 (60.4) 41 (69.5) 279 (57.1) 0.173

Prior MI 215 (32.6) 28 (25.2) 27 (45.8) 160 (32.7) 0.025

Atrial fibrillation/flutter 144 (21.9) 21 (18.9) 11 (18.6) 112 (22.9) 0.540

Medications

BB 533 (80.9) 90 (81.1) 45 (76.3) 398 (81.4) 0.639

ACE inhibitor or ARB 529 (80.3) 89 (80.2) 51 (86.4) 389 (79.6) 0.454

Statin 289 (43.9) 51 (45.9) 35 (59.3) 203 (41.5) 0.030

Aldosterone antagonist 153 (23.2) 26 (23.4) 13 (22.0) 114 (23.3) 0.975

Loop diuretic 359 (54.5) 58 (52.3) 35 (59.3) 266 (54.4) 0.677

ECG characteristics

QRSd 96 (85–121) 147 (135–157) 136 (127–148) 90 (82–100) NA

HR, beats/min 90 (76–106) 86 (72–102) 88 (77–103) 91 (76–106) 0.068

HR >120 beats/min 61 (9.6) 5 (4.5) 6 (11.3) 50 (11.4) 0.166

Baseline echocardiogram

LVEF 25 (20–30) 25 (20–30) 25 (20–35) 25 (20–30) 0.162

LVEDD 5.5 (4.9–6.2) 5.6 (4.9–6.2) 5.7 (5.2–6.3) 5.5 (4.9–6.1) 0.144

LVESD 4.7 (4.0–5.4) 4.8 (4.3–5.6) 4.9 (4.2–5.5) 4.6 (3.9–5.4) 0.047

Left atrial size 0.060

Normal 237 (36.0) 44 (39.6) 12 (20.3) 181 (37.0)

Mildly enlarged 271 (41.1) 41 (36.9) 35 (59.3) 195 (39.9)

Moderately enlarged 133 (20.2) 23 (20.7) 9 (15.3) 101 (20.7)

Severely enlarged 18 (2.7) 3 (2.7) 3 (5.1) 12 (2.5)

LVH (echocardiogram read) 0.527

None 328 (50.6) 54 (49.1) 25 (43.9) 249 (51.8)

Mild 234 (36.1) 46 (41.8) 24 (42.1) 164 (34.1)

Moderate 76 (11.7) 8 (7.3) 7 (12.3) 61 (12.7)

Severe 10 (1.5) 2 (1.8) 1 (1.8) 7 (1.5)

Intercurrent procedures/events

Revascularization

PCI 129 (19.6) 22 (19.8) 14 (23.7) 93 (19.0) NA

CABG 93 (14.1) 12 (10.8) 8 (13.6) 73 (14.9) NA

Intercurrent-MI 186 (28.2) 17 (15.3) 18 (30.5) 151 (30.9) NA

Values are median (interquartile range) or n (%).

ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin receptor blocker; BB ¼ beta-blocker; CABG ¼ coronary artery bypass grafting; ECG ¼ electrocardiography;
GDMT ¼ guideline-directed medical therapy; HR ¼ heart rate; LBBB ¼ left bundle branch block; LVEDD ¼ left ventricular end-diastolic diameter; LVEF ¼ left ventricular
ejection fraction; LVESD ¼ left ventricular end-systolic diameter; LVH ¼ left ventricular hypertrophy; MI ¼ myocardial infarction; NA ¼ not available; NQRS ¼ narrow QRS
duration; PCI ¼ percutaneous coronary intervention; QRSd ¼ QRS duration; WQRS ¼ non–left bundle branch block wide QRS duration.
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follow-up echocardiogram. More LBBB patients were
excluded for receiving a cardiac device, left ventric-
ular assist device, or heart transplant. Baseline clin-
ical characteristics are presented in Table 1. Patients
with LBBB were more likely to be older, be women,
and have cerebrovascular disease. Patients with
WQRS were more likely to have had a prior myocar-
dial infarction, be on statin medications, and have an
enlarged left atrium. Patients with NQRS tended to be
younger, have faster heart rates, and have less



FIGURE 1 Study Population Consort Diagram

157,586 Patients

291 Patients
with Severe AS

74 Patients
with Severe AR

752 Patients
with Severe MR

107 Patients
with Severe MS

31,358 Patients
without ECG

32,485 Patients
Echo after 1/1/14,

Transplant, LVAD, or
Cardiac Device

Died Prior to Follow-Up Echo
LBBB = 246 (18.6%)
WQRS = 184 (20.3%)
NQRS = 990 (16.7%)

Patients with Follow-Up
outside 3-6 month time frame

LBBB = 435 (32.9%),
WQRS = 304 (34.1%)

NQRS = 2,279 (38.5%)

Follow-up Echo within 3-6 months
LBBB = 111, WQRS = 59, NQRS = 489

Cardiac device/LVAD/transplant
LBBB = 129 (9.7%), WQRS = 68

(7.6%), NQRS = 283 (4.8%)

No Follow-Up ECHO
LBBB = 644 (48.8%), WQRS = 461

(51.7%), NQRS = 2,862 (48.4%)

8,129 Patients after Exclusions
LBBB = 1,321, WQRS = 892, NQRS = 5,916

93,743 Patients

9,462 Patients
ECHO with LVEF≤35%

The echocardiography database contains 157,586 unique patients. Black arrows (toward the right or left) show the number of patients

removed for exclusionary criteria. Only 8,129 qualified for a baseline echocardiography (ECHO). More patients with left bundle branch block

(LBBB) were subsequently excluded for receiving a cardiac device, left ventricular assist device (LVAD), or transplant. Fewer narrow QRS

duration (NQRS) patients died before a potential follow-up echocardiography. Only 659 patients were ultimately included in the study.

AR ¼ aortic regurgitation; AS ¼ aortic stenosis; ECG ¼ electrocardiography; LVEF ¼ left ventricular ejection fraction; MR ¼ mitral

regurgitation; MS ¼ mitral stenosis; WQRS ¼ non–left bundle branch block wide QRS duration.
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baseline heart failure. Patients with NQRS also had a
higher percentage of patients with baseline heart
rates >120 beats/min, though this difference was not
statistically significant. All 3 groups were prescribed
similar rates of BBs, ACE inhibitors, ARBs, and aldo-
sterone antagonists. Medications at baseline and
follow-up are presented in Online Table 1 and show
remarkable similarity in mean dose and use rates.
More LBBB and WQRS patients used ARBs at baseline,
though use rates were low (between 7% and 14%).
Roughly two-thirds of patients in each group were on
GDMT (76 of 111 patients [69%] for LBBB; 39 of 59

https://doi.org/10.1016/j.jacc.2017.11.020


TABLE 2 Descriptive Changes in LVEF From Baseline to Follow-Up

Overall
(N ¼ 659)

LBBB
(n ¼ 111)

WQRS
(n ¼ 59)

NQRS
(n ¼ 489)

Baseline LVEF 25.60 � 7.02 24.70 � 6.34 26.40 � 6.90 25.80 � 7.17

Follow-up LVEF 33.70 � 12.42 28.10 � 11.46 31.30 � 11.26 35.30 � 12.36

Change in LVEF 8.06 � 11.76 3.41 � 9.43 4.86 � 9.22 9.50 � 12.17

Follow-up LVEF >35% 250 (38) 25 (23) 16 (27) 209 (43)

LVEF change categories, %

Any LVEF worsening 111 (17) 27 (24) 13 (22) 71 (15)

Unchanged 154 (23) 39 (35) 14 (24) 101 (21)

þ1%–14% 193 (29) 29 (26) 22 (37) 142 (29)

þ>15% 201 (31) 16 (14) 10 (17) 175 (36)

Interval to follow-up echocardiogram, days 131 (112–154) 134 (116–156) 127 (106–159) 131 (111–153)

Change in LVEF from baseline to follow-up for patients on GDMT 445 76 39 330

Baseline LVEF 25.20 � 7.10 24.20 � 6.50 25.80 � 7.14 25.40 � 7.22

Follow-up LVEF 33.90 � 12.54 27.80 � 11.38 30.90 � 11.02 35.60 � 12.47

Change in LVEF 8.61 � 11.74 3.59 � 9.32 5.05 � 9.24 10.19 � 12.11

Interval to follow-up echocardiogram 132 (111–155) 133 (116–152) 132 (111–155) 127 (106–155)

Values are mean � SD, n (%), median (interquartile range), or n.

Abbreviations as in Table 1.
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patients [66%] for WQRS; 330 of 489 patients [67%]
for NQRS). There were no significant differences in
valvular heart disease among the 3 groups.

Table 2 displays descriptive data for change in
LVEF from baseline to follow-up echocardiogram
among the 3 groups. Follow-up among the 3 groups
was very similar, with a mean of 133 � 26 days after
baseline echocardiogram. Table 3 shows analysis of
variance results from changes in LVEF over time.
When adjusted for pre-specified comorbidities and
significant differences in baseline characteristics, the
mean changes in LVEF were 2.03%, 5.28%, and 8.00%
for LBBB, WQRS, and NQRS, respectively. Differences
between LBBB and NQRS were highly significant
TABLE 3 ANOVA Results From Changes in LVEF Overtime by QRS Gro

Unadjusted

Mean
Change

Effect Estimate
(95% CI)

A
p

LBBB 3.41 � 9.43 — <

WQRS 4.86 � 9.22 1.45 (2.19 to 5.09)

NQRS 9.50 � 12.17 6.08 (3.71 to 8.46)

Tukey Multipl

Comparison
Unadjusted Tukey

p Value

LBBB vs. NQRS <0.0001

LBBB vs. WQRS 0.7145

NQRS vs. WQRS 0.0101

*Adjusted for baseline LVEF, GDMT, history of atrial fibrillation/flutter, age, sex, history o
heart failure, and left atrium size; 1 patient excluded due to missing HR.

ANOVA ¼ analysis of variance; CI ¼ confidence interval; LS ¼ least squares; other abb
(p < 0.0001), though not significant between LBBB
and WQRS.

At follow-up, 23% of patients with LBBB improved
their LVEF to >35%, compared with 27% with WQRS,
and 43% with NQRS. On the whole, patients with
LBBB were more likely to stay the same or worsen
their LVEF on follow-up and the least likely to
improve their LVEF >35% (Table 2).

The Central Illustration shows mean plots for LVEF
change between the 3 groups for baseline and follow-
up echo. Figure 2 shows Kaplan-Meier curves for time
to heart failure hospitalization, all-cause mortality,
and heart failure hospitalization or all-cause mortal-
ity. Patients with LBBB were significantly more likely
up

Adjusted*

NOVA
Value

LS Mean
Change

Effect Estimate
(95% CI)

ANOVA
p Value

0.0001 2.03 � 13.59 — <0.0001

5.28 � 12.62 3.25 (–0.26 to 6.75)

8.00 � 21.55 5.97 (3.62 to 8.31)

e Comparison–Adjusted Analyses

Adjusted Tukey
p Value

<0.0001

0.1636

0.1672

f cerebrovascular disease, prior MI, baseline heart rate on ECG, history and duration of

reviations as in Table 1.
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Interval: Baseline and Follow-Up Echocardiogram, Graphed for the 3 QRS Groups
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Patients from the 3 QRS groups have similar mean left ventricular ejection fraction at baseline. Narrow QRS duration (NQRS) patients have the

highest rates of left ventricular functional recovery, whereas left bundle branch block (LBBB) patients have the lowest. WQRS ¼ non–left

bundle branch block wide QRS duration.
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to experience a heart failure event and a combined
endpoint of heart failure hospitalization or mortality.
Median follow-up was 4.3 years.

Table 4 compares the odds ratio of NQRS and WQRS
versus LBBB for improving LVEF >35%. In patients
with NQRS, the odds of LV functional recovery past
an LVEF >35% were 2.57 (95% confidence interval:
1.59 to 4.15) times higher than in patients with LBBB
(p ¼ 0.001). Patients with WQRS had a nonsignificant
1.28 times greater odds than did LBBB patients
(p ¼ 0.51). This relationship was essentially
unchanged when adjusted for comorbidities.

SENSITIVITY ANALYSES. Table 5 displays outcomes
of patients on GDMT. Adjusted mean change in LVEF
for patients in the LBBB, WQRS, and NQRS groups
was 2.02%, 4.50%, and 8.18%, respectively. Table 6
shows a means table for the interaction analysis be-
tween QRS group and GDMT. The interaction was not
significant (p ¼ 0.53); however, there was essentially
no difference between patients on GDMT or not on
GDMT in the LBBB and WQRS groups (3.50 vs. 3.44 for
LBBB; 6.79 vs. 6.44 for WQRS), but there was greater
LVEF recovery among patients with NQRS on GDMT
(10.50 vs. 8.02).
Online Tables 2 and 3 display the results of the
remaining sensitivity analyses. Outcomes among the
3 groups were very similar when patients with inter-
current revascularization or intercurrent MI were
removed (Online Table 2). The results were also very
similar when analyses were rerun with a strict LBBB
group (Online Table 3).

DISCUSSION

This study shows that patients with a baseline
LVEF #35% and LBBB demonstrate significantly
less LV functional recovery than those with NQRS,
even after 3 to 6 months of medical therapy.
When adjusted for age, sex, atrial arrhythmias,
GDMT, LVEF, and significant comorbidities, mean
LVEF improvement was only 2.03% among
patients with LBBB compared with 8.00% for
NQRS (effect estimate: 5.97%; 95% CI: 3.62% to
8.31%). These results were very similar when
including only patients on GDMT, excluding those
with intercurrent revascularization or myocardial
infarction, or when including only those with
strict LBBB.

https://doi.org/10.1016/j.jacc.2017.11.020
https://doi.org/10.1016/j.jacc.2017.11.020
https://doi.org/10.1016/j.jacc.2017.11.020
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Patients with WQRS also had significantly less LV
functional recovery than did patients with NQRS in
unadjusted analyses (4.86% vs. 9.50%; p ¼ 0.01).
Although patients with LBBB trended toward having
less LV functional recovery than did those with
WQRS, the 2 populations were not significantly
different. Reclassifying patients with LBBB to include
only those with strict LBBB did not change this rela-
tionship, though notably the WQRS group became
significantly different than the NQRS group in both
unadjusted and adjusted analyses. Taken together,
these data suggest that a wide QRS duration,
particularly LBBB, is associated with less LV func-
tional recovery than NQRS is in patients with a
baseline LVEF #35%.
EVIDENCE FOR GDMT. In the context of device im-
plantation guidelines, the evidence for GDMT draws
from multiple randomized controlled trials that have
demonstrated LV functional recovery with the use of
BBs, ACE inhibitors, and ARBs. In 1993, the MDC
(Metoprolol in Dilated Cardiomyopathy) trial showed
that among patients with LV dysfunction, metoprolol
could improve LVEF by 12% over the course of
12 months (22). Shortly after, the MOCHA (Multicenter



TABLE 4 Logistic Regression Results for LVEF >35% at Follow-Up by QRS Group

Unadjusted Adjusted*

OR (95% CI) p Value
Overall 3 Group

p Value OR (95% CI) p Value
Overall 3 Group

p Value

NQRS vs. LBBB 2.57 (1.59 to 4.15) 0.0001 0.0001 2.59 (1.51 to 4.47) 0.0006 0.0011

WQRS vs. LBBB 1.28 (0.62 to 2.65) 0.5054 1.47 (0.66 to 3.28) 0.3476

*Adjusted for baseline LVEF, GDMT, history of atrial fibrillation/flutter, age, sex, history of cerebrovascular disease, prior MI, baseline heart rate on ECG, history and duration of
heart failure, and left atrium size; 1 patient excluded due to missing HR.

OR ¼ odds ratio; other abbreviations as in Tables 1 and 3.
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Oral Carvedilol Heart Failure Assessment) trial
showed that carvedilol could improve EF by 5% to 8%
over a 6-month period (30). The CIBIS-II (Cardiac
Insufficiency Bisoprolol Study-II) study showed an
average of 4% improvement (in fractional shortening)
over 6 months with bisoprolol, whereas the REVERT
(Reversal of Ventricular Remodeling with Toprol-XL)
trial showed a 6% average improvement over
12 months with metoprolol succinate (31–33). Addi-
tional trials such as the CAPRICORN (Carvedilol Post
Infarct Survival Control in Left Ventricular Dysfunc-
tion), SOLVD (Studies of Left Ventricular Dysfunc-
tion), VALHEFT (Valsartan Heart Failure Trial), and
VALIANT (Valsartan in Acute Myocardial Infarction
Trial) trials found benefits with ACE inhibitors or
ARBs in conjunction with BB use, further improving
average LVEF from 2% to 6% over periods of 6 to
20 months (23–25,34–37). Thus, there is compelling
evidence that medications can induce LV functional
recovery and should be the foundation of treatment
for patients with cardiomyopathy. However, as stated
previously, none of these trials included QRS dura-
tion in baseline clinical characteristics or reported
outcomes in cohorts with conduction abnormalities.
TABLE 5 ANOVA Results From Changes in LVEF Overtime by QRS Gro

Unadjusted (n ¼ 445)

Mean Change
Effect Estimate

(95% CI)
A
p

LBBB 3.59 � 9.32 — <0

WQRS 5.05 � 9.24 1.46 (–2.98 to 5.89)

NQRS 10.19 � 12.11 6.60 (3.73 to 9.46)

Tukey Multiple Comparis

Comparison
Unadjusted Tukey

p Value

LBBB vs. NQRS <0.0001

LBBB vs. WQRS 0.7944

NQRS vs. WQRS 0.0228

*Adjusted for baseline LVEF, medical therapy, history of atrial fibrillation/flutter, age, se
duration of heart failure, and left atrium size; 1 patient excluded due to missing HR.

Abbreviations as in Tables 1 and 3.
Our “real-world” data suggest that both QRS
duration and morphology are relevant clinical char-
acteristics. We have not only demonstrated less LV
functional recovery with LBBB, but have also shown
QRS morphology to be significantly associated with
increased rates of heart failure hospitalization and
the combined endpoint of heart failure hospitaliza-
tion or mortality.

Reflecting on what a prolonged QRS duration rep-
resents pathophysiologically may help to explain our
findings. For patients with right bundle branch block
and LBBB, a prolonged QRS duration primarily re-
flects delayed activation of the right ventricle or LV,
respectively. LBBB also implies delayed activation of
the LV lateral free wall relative to the LV septal wall,
which is the basis for intraventricular dyssynchrony,
a cause of worsened LV function (38). A prolonged
QRS duration without bundle branch block represents
delayed activation of ventricles due to hemiblock,
increased ventricular mass, diseased electrical
communication between cardiac myocytes and scar,
or a combination of these factors (39). Notably, this
study’s WQRS population had the highest rate of prior
myocardial infarction (45.8%), which might have
up in Patients on GDMT

Adjusted (n ¼ 444)*

NOVA
Value LS Mean Change

Effect Estimate
(95% CI)

ANOVA
p Value

.0001 2.02 � 14.12 — <0.0001

4.50 � 13.13 2.48 (–1.90 to 6.86)

8.18 � 21.93 6.15 (3.29 to 9.02)

on–Adjusted Analyses

Adjusted Tukey
p Value

<0.0001

0.5068

0.1242

x, history of cerebrovascular disease, prior MI, baseline heart rate on ECG, history and



TABLE 6 Interaction Analysis Between QRS Group and GDMT

QRS Group GDMT Mean EF Change

NQRS Yes 10.50

No 8.02

WQRS Yes 6.79

No 6.44

LBBB Yes 3.50

No 3.44

p ¼ 0.53.

EF ¼ ejection fraction; other abbreviations as in Table 1.

J A C C V O L . 7 1 , N O . 3 , 2 0 1 8 Sze et al.
J A N U A R Y 2 3 , 2 0 1 8 : 3 0 6 – 1 7 LBBB and LV Functional Recovery

315
reflected a more significant scar burden and limited
potential improvement in LV function. This has been
reported in the CRT literature. In a substudy of
MADIT-CRT (Multicenter Automatic Defibrillator Im-
plantation Trial-Cardiac Resynchronization Therapy)
trial, history of myocardial infarction was associated
with a diminished CRT effect on LVEF improvement
(40). Of note, our LBBB population was significantly
different than the other QRS groups in that it had the
lowest rate of myocardial infarction (25.2%). Thus,
ischemic scar in the LBBB population was less likely
to be the cause of poor rates of LV functional
recovery.

CLINICAL IMPLICATIONS. A crucial difference be-
tween the WQRS and LBBB groups is that a body of
evidence suggests only the latter responds to CRT. In
the MADIT-CRT trial, those without LBBB received no
benefit with CRT, whereas those with LBBB had a
dramatic reduction in the combined endpoint of heart
failure hospitalization or mortality (4,9). Similar re-
sults were found in the RAFT (Resynchronization-
Defibrillation for Ambulatory Heart Failure Trial) trial
(5). Nevertheless, some controversy exists. A recent
meta-analysis of 3 randomized trials argues that a
wide QRS duration >150 ms, regardless of QRS
morphology, is most important for CRT response (41).
An earlier meta-analysis of 5 randomized trials also
showed QRS duration of 160 ms to be most predictive
of CRT response (42). However, both conceded that
patients with conduction disease, particularly LBBB,
were more likely to have a QRS duration >150 ms. In
our study, median QRS duration in the WQRS popu-
lation was 136 ms (interquartile range: 127 to 148 ms).
Patients with LBBB had a median QRS duration of
147 ms (interquartile range: 135 to 157 ms). Thus, as
evidenced by our own data, it is rare for patients to
have a QRS duration >150 and not have LBBB.

Overall, our data call into question current guide-
lines that mandate at least 3 months of GDMT before
CRT implantation. This timeline may be reasonable in
minimally symptomatic New York Heart Association
(NYHA) functional class II patients with LVEF of 35%;
however, for patients with LBBB, NYHA functional
class III or ambulatory NYHA functional class IV
symptoms and more severely depressed LVEF, earlier
intervention with CRT should be studied. In our data,
only 23% of patients with LBBB improved their LVEF
to >35%, and 59% experienced no change or even
worsened their LVEF. Mean rates of LVEF improve-
ment were modest, and results were essentially un-
changed when including only patients on GDMT.
Thus, for patients with LBBB, delaying CRT in a
heavily symptomatic patient with severely reduced
LVEF may be delaying access to a highly effective
therapy for little gain. Similarly, given the lesser
amount of LV functional recovery seen in patients
with WQRS, consideration for a wearable
cardioverter-defibrillator during the waiting period of
3 months may make sense.

STUDY LIMITATIONS. This is a retrospective single-
center study. There was no echocardiography core
laboratory to review all 1,318 LVEFs, and inter-reader
variability of LVEF assessment is not insignificant
(43). However, the Duke Echocardiography lab has a
history of performing quality improvement, which
includes a committee that meets quarterly and whose
primary purpose is to reduce variability and
promote accuracy. Internal assessment of interclass
correlation for LVEF assessment is 0.8872, which is
above the threshold recommended for clinical
research (43). Furthermore, all follow-up echocar-
diograms in this study were performed with baseline
echocardiogram images and reports available for
review. This might have provided context and limited
variability. There was also no reason for bias toward
any particular QRS morphology (all were candidates
for device implantation). Clinical outcomes also
complemented the echocardiogram findings.

Due to selection of patients with low LVEF at
baseline, regression to the mean might have accoun-
ted for some improvement in LVEF. However, base-
line LVEF was controlled for in our statistical models,
and there was no reason for this to favor any QRS
morphology. Considering the possibility of regression
to the mean, it is striking that 59% of patients with
LBBB did not improve or worsened their LV function
on follow-up.

We also did not have data on NYHA functional
class, which might have identified important differ-
ences in our study population. Data for heart failure
hospitalization were also limited to those patients
admitted to a Duke-affiliated hospital. Last, study
enrollment required patients to have a follow-up
echocardiogram. This might have created selection
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bias. However, the study consort diagram shows
higher rates of patients with LBBB excluded due to
need for a cardiac device, left ventricular assist
device, or transplant, whereas exclusions due to
mortality were less for the NQRS group. This is in line
with extensive data that suggest that LBBB aggra-
vates cardiomyopathy and leads to worse outcomes
(5,9,44). Thus, if need for a follow-up echocardiogram
caused bias, it was likely toward weakening our
findings.

CONCLUSIONS

Patients with LVEF #35% and LBBB demonstrate
significantly less LV functional recovery than do
those with a NQRS. Among patients with LBBB, the
likelihood of large improvement in LVEF is modest,
even when considering revascularization and use of
GDMT. These findings suggest that current guidelines
that mandate 3 months of GDMT should be more
flexible. For some patients with LBBB, recovery of
LVEF >35% is unlikely with medicines alone, and
these patients may be better served with earlier
implantation of CRT.
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