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Abstract

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 is little data on how patients with reduced LVEF and LBBB 

respond to GDMT.

Methods: Using data from the Duke Echocardiography Laboratory Database, we identified 

patients with a baseline ECG and LVEF≤35% who had a follow-up LVEF 3–6 months later. We 

excluded patients with severe valve disease, a cardiac device, LVAD, or heart transplant. QRS 

morphology was classified as: LBBB, QRS<120msec (NQRS), or a wide QRS≥120msec but not 

LBBB (WQRS). ANOVA testing compared mean change in LVEF between the three groups with 

adjustment for significant comorbidities and GDMT.

Results: 659 patients met the above criteria: 111 LBBB (17%), 59 WQRS (9%) and 489 NQRS 

(74%). Adjusted mean increase in LVEF over 3–6 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 

end point of heart-failure hospitalization or mortality was highest for patients with LBBB.

Conclusions: LBBB is associated with a smaller degree of LVEF improvement compared to 

other QRS morphologies, even with GDMT. Some patients with LBBB may benefit from CRT 

earlier than guidelines currently recommend.

Condensed Abstract

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 is little data on how patients with reduced LVEF and LBBB respond to 
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GDMT. The present study identified patients with baseline LVEF≤35% and stratified rates of LV 

functional recovery by QRS morphology over a period of 3–6 months. Patients with LBBB had 

significantly less rates of LV functional recovery compared to patients with a narrow QRS duration 

(NQRS).

Keywords

Left bundle branch block; Left ventricular functional recovery; guideline directed medical therapy; 
heart failure

Introduction:

In patients with cardiomyopathy, traditional interventions 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 

electromechanical dyssynchrony as a powerful new mechanism to induce 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 unrecognized cause of LV dysfunction. While 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 non-ischemic 

cardiomyopathy itself.(13–17)

While CRT is considered the definitive treatment for patients with LBBB and symptomatic 

cardiomyopathy, 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) prior to 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 stratified outcome 

analyses by the presence or absence of LBBB or reported QRS morphology as a baseline 

clinical characteristic.(18–25)

This study sought to examine how LBBB affects rates of LV functional recovery in patients 

with cardiomyopathy. We made use of the Duke Echocardiography Laboratory Database 

and Duke ECG database to identify patients with a diagnosis of cardiomyopathy, an ECG, 

and a follow-up echocardiogram (Echo) 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 patients with LBBB would not improve their LVEF>35%. This 

would suggest that some patients might benefit from receiving CRT earlier than current 

guidelines recommend.
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Methods:

Data Sources:

The study cohort was selected from the Duke Echocardiography Laboratory Database. It 

includes all clinical Echos performed at Duke University Health System since 1995, and 

its set-up has been described previously.(26) Basic demographic information is available, 

and patient clinical data is imported from the Duke Decision Support Repository and 

Duke Databank for Cardiovascular Disease. For the purposes of this study, the Duke 

Echocardiography Laboratory Database was linked to the ECG reporting database to 

identify patients with both a baseline Echo and ECG.

Direct chart review was conducted to determine medication use. The occurrences of the 

following non-baseline events were identified from the Duke Databank: (1) intercurrent 

percutaneous coronary intervention; (2) intercurrent bypass surgery; and (3) intercurrent 

myocardial infarction. The time period for intercurrent revascularization procedures was 

pre-specified to include dates from 2 weeks before baseline Echo to the time of follow-up 

Echo. Intercurrent myocardial infarction was pre-specified to be any myocardial infarction 

that occurred between baseline and follow-up Echo. Heart failure hospitalizations after 

follow-up Echo could be obtained for any admission at a Duke-affiliated hospital through 

the electronic medical 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 echocardiography. The designation of LBBB in the 

Duke ECG database matches the clinical diagnosis of attending cardiologists at Duke 

University Hospital responsible for reading patient ECGs. Patients without a clinical read 

of LBBB were stratified by QRS duration. Patients without LBBB who had a wide QRS 

duration≥120msec were placed into one group (WQRS), while patients with a narrow QRS 

duration<120 msec were placed into a second comparator group (NQRS). 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 angiotensin converting enzyme inhibitor (ACE-I) or angiotensin receptor blocker 

(ARB). Patients were categorized as being on medication if they had documented drug use 

between Echos for at least 30 days, and were not stopped more than 2 weeks prior to 

follow-up Echo. To show changes in medications, the doses prior to baseline Echo and at 

time of follow-up Echo were also obtained.

Study Population

The study cohort was comprised of patients with an LVEF≤35% on baseline Echo, who had 

an ECG within 30 days after or 6 months beforehand. Only patients with baseline Echos 

occurring prior to January 1, 2014 were eligible for inclusion. Patients were excluded if they 

had severe aortic or mitral valve disease, a history of prior heart transplantation, evidence 

of any prior cardiac device including pacemaker or defibrillator, a prior left ventricular 
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assist device, or no follow-up Echo. An eligible follow-up Echo was defined as the first 

Echo occurring between 3 to 6 months after baseline. Patients with a heart transplant, 

placement of a cardiac device (pacemaker/defibrillator), or left ventricular assist device prior 

to follow-up Echo were excluded.

Study Outcomes:

The primary outcome of this study was change in LVEF over a period of 3–6 months. 

This time frame was selected as current guidelines, supported by clinical trials, recommend 

at least 3 months of GDMT for LV functional recovery.(8,28) This time frame also 

allowed for an adequate study population. LVEF was selected as it was available in almost 

all patients in the Echo database and is the primary Echo criterion in current device 

implantation guidelines. A secondary outcome assessed rates of LV functional recovery 

to an LVEF>35%. Clinical outcomes included time to heart failure hospitalization and time 

to mortality, both measured after follow-up Echo.

Statistical Analysis

Normality of continuous change in LVEF between baseline and follow-up Echo was 

assessed graphically and found to be valid. ANOVA (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 determine significant 

differences in mean LVEF change across LBBB vs. WQRS vs. NQRS patient populations.

(29)

Regression analyses were used to examine adjusted differences in continuous changes 

in LVEF over time between the 3 groups. The following clinical characteristics were 

pre-specified to be included: age, gender, use of GDMT, history of atrial arrhythmias, 

and LVEF. In addition, backward selection of baseline characteristics (Table 1) found 

significant (p<0.05) between groups created a parsimonious model of factors associated 

with LVEF change, using p<0.10 for inclusion in the final model. These included: baseline 

left atrial size, prior myocardial infarction, heart rate, cerebrovascular disease, and history of 

congestive heart failure stratified by time of diagnosis (no congestive heart failure, diagnosis 

within 1 month of baseline Echo, ≥1month, and ≥1year). 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 overtime in the 3 groups and slope estimates were 

reported with 95% CI 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 determine the incidence of LVEF increase to >35% at follow-up for NQRS and WQRS 

patient populations in reference to LBBB patient population. Adjusted analyses contained 

the same list of covariates included in the final multivariate model used for continuous 
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change in LVEF. Last, time to heart failure hospitalization, time to mortality, and time to the 

combined end point of heart failure hospitalization or mortality was estimated and displayed 

graphically for the three 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 inter-current 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 patients 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. Less NQRS patients died 

before potential follow-up Echo. More LBBB patients were excluded for receiving a cardiac 

device, left ventricular assist device, or heart transplant. Baseline clinical characteristics 

are presented in Table 1. Patients with LBBB were more likely to be older, female, and 

have cerebrovascular disease. Patients with WQRS were more likely to have had a prior 

myocardial 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 baseline heart 

failure. Patients with NQRS also had a higher percentage of patients with baseline heart 

rates >120bpm, though this difference was not statistically significant. All 3 groups were 

prescribed similar rates of BBs, ACE-Is, ARBs, and aldosterone antagonists. Medications 

at baseline and follow-up are presented in Appendix 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 7–14%). Roughly two thirds of patients in each group were 

on GDMT (76/111 patients [69%] for LBBB; 39/59 patients [66%] for WQRS; 330/489 

patients [67%] for NQRS). There were no significant differences in valvular heart disease 

between the three groups.

Table 2 displays descriptive data for change in LVEF from baseline to follow-up Echo 

between the 3 groups. Follow-up between the 3 groups was very similar, with a mean 

(SD) of 133 (26) days after baseline echo. Table 3 shows ANOVA 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 (p<0.0001), though not significant between LBBB and WQRS.

At follow-up, 23% of patients with LBBB improved their LVEF to >35%, compared to 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).

Figure 2 shows mean plots for LVEF change between the 3 groups for baseline and follow

up echo. Figure 3 shows Kaplan-Meier curves for time to heart failure hospitalization, 
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all-cause mortality, and heart failure hospitalization or all-cause mortality. Patients with 

LBBB were significantly more likely to experience a heart failure event and a combined end 

point of heart failure hospitalization or mortality. Median follow-up was 4.3 years.

Table 4 compares the odds ratio of NQRS and WQRS vs. LBBB for improving LVEF>35%. 

In patients with NQRS, the odds of LV functional recovery past an LVEF>35% were 2.57 

(95% CI 1.59–4.15) times higher than in patients with LBBB (p=0.001). Patients with 

WQRS had a non-significant 1.28 times greater odds than LBBB patients (p=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 were 2.02, 4.50, and 8.18%, respectively. 

Table 6 shows a means table for the interaction analysis between QRS group and GDMT. 

The interaction was not significant (p=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).

Appendix 2 and 3 display the results of the remaining sensitivity analyses. Outcomes 

between the 3 groups were very similar when patients with inter-current revascularization 

or inter-current MI were removed (Appendix 2). The results were also very similar when 

analyses were rerun with a Strict LBBB group (Appendix 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 3–6 months 

of medical therapy. When adjusted for age, gender, atrial arrhythmias, GDMT, LVEF, and 

significant co-morbidities, mean LVEF improvement was only 2.03% among patients with 

LBBB compared to 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 

inter-current revascularization or myocardial infarction, or when including only those with 

strict LBBB.

Patients with WQRS also had significantly less LV Functional recovery than patients with 

NQRS in unadjusted analyses (4.86% vs. 9.50%; p=0.01). While patients with LBBB 

trended toward having less LV functional recovery than those with WQRS, the two 

populations were not significantly different. Reclassifying patients with LBBB to include 

only those with strict LBBB did not change this relationship, though notably the WQRS 

group became significantly different than the NQRS group in both unadjusted and adjusted 

analyses. Taken together, this data suggest that a wide QRS duration, particularly LBBB, 

is associated with less LV functional recovery than NQRS in patients with a baseline 

LVEF≤35%.
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Evidence for GDMT

In the context of device implantation guidelines, the evidence for GDMT draws from 

multiple randomized controlled trials that have demonstrated LV functional recovery with 

the use of BBs, ACE-Is, and ARBs. In 1993, the MDC trial (Metoprolol in Dilated 

Cardiomyopathy) showed that among patients with LV dysfunction, metoprolol could 

improve LVEF by 12% over the course of 12 months.(22) Shortly after, MOCHA 

(Multicenter Oral Carvedilol Heart Failure Assessment) showed that carvedilol could 

improve EF by 5–8% over a 6-month period.(30) CIBIS-II (Cardiac Insufficiency Bisoprolol 

Study-II) showed an average of 4% improvement (in fractional shortening) over 6 months 

with bisoprolol, while REVERT (Reversal of Ventricular Remodeling with Toprol-XL) 

showed a 6% average improvement over 12 months with metoprolol succinate.(31–33) 

Additional trials such as CAPRICORN (Carvedilol Post Infarct Survival Control in Left 

Ventricular Dysfunction), SOLVD (Studies of Left Ventricular Dysfunction), VALHEFT 

(Valsartan Heart Failure Trial), and VALIANT (Valsartan in Acute Myocardial Infarction 

Trial) found benefits with ACE-Is or ARBs in conjunction with BB use, further improving 

average LVEF from 2 to 6 % over periods of 6–20 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 duration in baseline clinical characteristics or reported 

outcomes in cohorts with conduction abnormalities.

Our “real world” data suggests that both QRS duration and morphology are relevant clinical 

characteristics. We have not only demonstrated less LV functional recovery with LBBB, 

but also shown QRS morphology to be significantly associated with increased rates of 

heart failure hospitalization and the combined end point of heart failure hospitalization or 

mortality.

Reflecting on what a prolonged QRS duration represents pathophysiologically may help to 

explain our findings. For patients with right bundle branch block and LBBB, a prolonged 

QRS primarily reflects delayed activation of the right or left ventricle, 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, 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 

may have reflected a more significant scar burden and limited potential improvement 

in LV function. This has been reported in the CRT literature. In a sub-study of MADIT

CRT (Multicenter Automatic Defibrillator Implantation Trial-CRT), 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.
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Clinical Implications

A crucial difference between the WQRS and LBBB groups is that a body of evidence 

suggests only the latter responds to CRT. In MADIT-CRT, those without LBBB received no 

benefit with CRT, while those with LBBB had a dramatic reduction in the combined end 

point of heart failure hospitalization or mortality.(4,9) Similar results were found in RAFT 

(Resynchronization-Defibrillation for Ambulatory Heart Failure Trial).(5) Nevertheless, 

some controversy exists. A recent meta-analysis of 3 randomized trials argues that a 

wide QRS duration>150 msec, 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 msec 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>150msec. In our study, median QRS duration in the WQRS population was 135 

msec (IQR 127–148). Patients with LBBB had a median QRS duration of 147 msec (IQR 

135–147). 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 calls into question current guidelines that mandate at least 3 months 

of GDMT prior to CRT implantation. This timeline may be reasonable in minimally 

symptomatic NYHA II patients with LVEF of 35%, however for patients with LBBB, 

NYHA III or ambulatory NYHA 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 improvement were modest, and results were essentially 

unchanged 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 Echo core lab to review all 1318 

LVEFs, and inter-reader variability of LVEF assessment is not insignificant.(43) However, 

the Duke Echo 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 Echos in this study were performed with baseline Echo images and reports 

available for review. This may 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 Echo findings.

Due to selection of patients with low LVEF at baseline, regression to the mean may have 

accounted for some improvement in LVEF. However, baseline LVEF was controlled for 

in our statistical models, and there was no reason for this to favor any QRS morphology. 

Sze et al. Page 8

J Am Coll Cardiol. Author manuscript; available in PMC 2021 August 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



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 may have identified important 

differences in our study population. Data for heart failure hospitalization was also limited 

to those patients admitted to a Duke-affiliated hospital. Last, study enrollment required 

patients to have a follow-up Echo. This may have created selection 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, while exclusions due to 

mortality were less for the NQRS group. This is in line with extensive data that suggest that 

LBBB aggravates cardiomyopathy and leads to worse outcomes.(5,9,44) Thus, if need for a 

follow-up Echo caused bias, it was likely toward weakening our findings.

Conclusion:

Patients with LVEF≤35% and LBBB demonstrate significantly less LV functional recovery 

than 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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Refer to Web version on PubMed Central for supplementary material.
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Perspectives:

Competency in medical knowledge: Left bundle branch block (LBBB) is associated with 

worse outcomes among patients with cardiomyopathy.

Competency in patient care: Cardiac resynchronization therapy (CRT) is a highly 

effective therapy to treat symptomatic patients with LBBB and cardiomyopathy.

Translational outlook 1: Patients with LBBB are less likely to recover left ventricular 

function over time, even with guideline directed medical therapy (GDMT).

Translational outlook 2: Highly symptomatic patients with LBBB and very low ejection 

fraction would likely benefit from direct implantation with CRT.
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Figure 1 –. 
Study population consort diagram. The Echo database contains 157,586 unique patients. 

Black arrows show the number of patients removed for exclusionary criteria. Only 8,129 

qualified for a baseline Echo. More patients with LBBB were subsequently excluded for 

receiving a cardiac device, LVAD, or transplant. Less NQRS patients died prior to a potential 

follow-up Echo. Only 659 patients were ultimately included in the study.
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Figure 2/. 
Central Illustration –Mean LVEF with standard deviation shown for baseline and follow-up 

Echo, graphed for the 3 QRS groups. Patients from the 3 QRS groups have similar mean 

LVEF at baseline. NQRS patients have the highest rates of LV functional recovery, while 

LBBB patients have the lowest.
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Figure 3 –. 
Kaplan-Meier Curves. A. Time-to-Mortality, B. Time-to-Heart Failure Hospitalization, and 

C. Time-to-Heart Failure Hospitalization or Mortality. Mortality data was acquired through 

the National Death Index (NDI). Heart failure hospitalization data was acquired through the 

medical record at Duke-affiliated hospitals. Because all Echos were performed prior to 2015, 

events were censored at December 31, 2014, matching the end date of the NDI query. All 

curves were censored at 10 years post follow-up Echo.
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Table 1:

Baseline Clinical Characteristics

Overall n=659 LBBB n=111 WQRS n=59 NQRS n=489 P-Value

Demographics

Age, median (IQR) 59 (48–69) 65 (56–75) 62 (50–72) 57 (46–67) <.001

Female gender 270 (41.0%) 61 (55.0%) 14 (23.7%) 195 (39.9%) <.001

Congestive Heart Failure 145 (22.0%) 32 (28.8%) 16 (27.1%) 97 (19.8%) 0.072

 Duration in Months (IQR) 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-I 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, median (IQR) 96 (85–121) 147 (135–157) 136 (127–148) 90 (82–100) n/a

HR, median (IQR) 90 (76–106) 86 (72–102) 88 (77–103) 91 (76–106) 0.068

 HR > 120 61 (9.6%) 5 (4.5%) 6 (11.3%) 50 (11.4%) 0.166

Baseline ECHO

LVEF, median (IQR) 25 (20–30) 25 (20–30) 25 (20–35) 25 (20–30) 0.162

LVEDD, median (IQR) 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, median (IQR) 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 (Echo 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%)
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Overall n=659 LBBB n=111 WQRS n=59 NQRS n=489 P-Value

Inter-current 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

MI – Myocardial Infarction, HR – Heart Rate, LVEDD – LV End Diastolic Diameter, LVESD – LV End Systolic Diameter, LVH – LV 
Hypertrophy, PCI – Percutaneous Coronary Intervention, CABG – Coronary Artery Bypass Graft
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Table 2:

Descriptive Changes in LVEF From Baseline to Follow-up

Variable of Interest Overall (N=659) LBBB (N=111) WQRS (N=59) NQRS (N=489)

Baseline LVEF, mean ± SD 25.6 ± 7.02 24.7 ± 6.34 26.4 ± 6.90 25.8 ± 7.17

Follow-up LVEF, mean ± SD 33.7 ± 12.42 28.1 ± 11.46 31.3 ± 11.26 35.3 ± 12.36

Change in LVEF, mean ± SD 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%)

 + 1–14% 193 (29%) 29 (26%) 22 (37%) 142 (29%)

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

Interval (in days) to Follow-up ECHO, median (IQR) 131 (112–154) 134 (116–156) 127 (106–159) 131 (111–153)

Changes in LVEF from Baseline to Follow-up for Patients on GDMT.

N=445 N=76 N=39 N=330

Baseline LVEF, mean ± SD 25.2 ± 7.10 24.2 ± 6.50 25.8 ± 7.14 25.4 ± 7.22

Follow-up LVEF, mean ± SD 33.9 ± 12.54 27.8 ± 11.38 30.9 ± 11.02 35.6 ± 12.47

Change in LVEF, mean ± SD 8.61 ± 11.74 3.59 ± 9.32 5.05 ± 9.24 10.19 ± 12.11

Interval (in days) to Follow-up ECHO, median (IQR) 132 (111–155) 133 (116–152) 132 (111–155) 127 (106–155)
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Table 3:

ANOVA results from Changes in LVEF overtime by QRS group

Unadjusted Adjusted*

Mean Change Effect Estimate (95% 
CI)

ANOVA P-
Value LS Mean Change Effect Estimate (95% 

CI)
ANOVA P-

Value

LBBB 3.41 (±9.43) -

<0.0001

2.03 (±13.59) -

<0.0001WQRS 4.86 (±9.22) 1.45 (2.19 to 5.09) 5.28 (±12.62) 3.25 (−0.26 to 6.75)

NQRS 9.50 (±12.17) 6.08 (3.71 to 8.46) 8.00 (±21.55) 5.97 (3.62 to 8.31)

Tukey Multiple Comparison Adjusted Analyses

Comparison Unadjusted Tukey P-Value Adjusted Tukey P-Value

LBBB vs. NQRS <0.0001 <0.0001

LBBB vs. WQRS 0.7145 0.1636

NQRS vs. WQRS 0.0101 0.1672

*
Adjusted for: Baseline LVEF, GDMT, History of Atrial Fibrillation/Flutter, Age, Gender, History of Cerebrovascular Disease, Prior Myocardial 

Infarction, Baseline Heart Rate on ECG, History and Duration of Heart Failure, and Left Atrium Size; One patient excluded due to missing Heart 
Rate.
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Table 4:

Logistic Regression Results for LVEF @ follow-up > 35% 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 (1.59–4.15) 0.0001
0.0001

2.59 (1.51–4.47) 0.0006
0.0011

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

*
Adjusted for: Baseline LVEF, GDMT, History of Atrial Fibrillation/Flutter, Age, Gender, History of Cerebrovascular Disease, Prior Myocardial 

Infarction, Baseline Heart Rate on ECG, History and Duration of Heart Failure, and Left Atrium Size; One patient excluded due to missing Heart 
Rate.
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Table 5:

ANOVA results from Changes in LVEF overtime by QRS group in Patients on GDMT

Unadjusted (N=445) Adjusted (N=444)

Mean Change Effect Estimate (95% 
CI)

ANOVA P-
Value LS Mean Change Effect Estimate (95% 

CI)
ANOVA P-

Value

LBBB 3.59 (±9.32) -

<0.0001

2.02 (±14.12) -

<0.0001WQRS 5.05 (±9.24) 1.46 (2.98 to 5.89) 4.50 (±13.13) 2.48 (−1.90 to 6.86)

NQRS 10.19 (±12.11) 6.60 (3.73 to 9.46) 8.18 (±21.93) 6.15 (3.29 to 9.02)

Tukey Multiple Comparison Adjusted Analyses

Comparison Unadjusted Tukey P-Value Adjusted Tukey P-Value

LBBB vs. NQRS <0.0001 <0.0001

LBBB vs. WQRS 0.7944 0.5068

NQRS vs. WQRS 0.0228 0.1242

*
Adjusted for: Baseline LVEF, Medical Therapy, History of Atrial Fibrillation/Flutter, Age, Gender, History of Cerebrovascular Disease (CVD), 

Prior Myocardial Infarction (MI), Baseline Heart Rate on ECG, History and Duration of Heart Failure, and Left Atrium Size; One patient excluded 
due to missing Heart Rate.
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Table 6:

Means table for 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=0.53
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