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Prevalence, Related Factors and Association of Left Bundle
Branch Block With Prognosis in Patients With Acute Heart
Failure: a Simultaneous Analysis in 3 Independent Cohorts
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ABSTRACT

Objectives: To determine the prevalence, characteristics and association with prognosis of left
bundle branch block (LBBB) in 3 different cohorts of patients with acute heart failure (AHF).
Methods and Results: We retrospectively analyzed 12,950 patients with AHF who were
included in the EAHFE (Epidemiology Acute Heart Failure Emergency), RICA (National Heart
Failure Registry of the Spanish Internal Medicine Society), and BASEL-V (Basics in Acute Short-
ness of Breath Evaluation of Switzerland) registries. We independently analyzed the relation-
ship between baseline and clinical characteristics and the presence of LBBB and the potential
association of LBBB with 1-year all-cause mortality and a 90-day postdischarge combined end-
point (Emergency Department reconsultation, hospitalization or death). The prevalence of
LBBB was 13.5% (95% confidence interval: 12.9%�14.0%). In all registries, patients with LBBB
more commonly had coronary artery disease and previous episodes of AHF, were taking chronic
spironolactone treatment, had lower left ventricular ejection fraction and systolic blood pres-
sure values and higher NT-proBNP levels. There were no differences in risk for patients with
LBBB in any cohort, with adjusted hazard ratios (95% confidence interval) for 1-year mortality
in EAHFE/RICA/BASEL-V cohorts of 1.02 (0.89�1.17), 1.15 (0.95�1.38) and 1.32 (0.94�1.86),
respectively, and for 90-day postdischarge combined endpoint of 1.00 (0.88�1.14), 1.14
(0.92�1.40) and 1.26 (0.84�1.89). These results were consistent in sensitivity analyses.
Conclusions: Less than 20% of patients with AHF present LBBB, which is consistently associ-
ated with cardiovascular comorbidities, reduced left ventricular ejection fraction and more
severe decompensations. Nonetheless, after taking these factors into account, LBBB in
patients with AHF is not associated with worse outcomes. (J Cardiac Fail 2022;28:1104�1115)
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Bullet points

� The prevalence of left bundle branch block in
patients with acute heart failure ranges between

10% and 20%.

� The presence of left bundle branch block in acute
heart failure is associated with cardiovascular
comorbidities, reduced left ventricular ejection
fraction and more severe decompensations.

� Left bundle branch block is associated with a non-
significant increased risk of mortality in patients
with acute heart failure.

Brief lay Summary

The prognosis of left bundle branch block in acute
heart failure remains controversial. While some
studies have suggested that it is associated with
higher mortality others have failed to demonstrate
this relationship. To answer this question more stud-
ies including systematic reviews and meta-analysis
are needed.
Tweet: “Prevalence and association with progno-

sis of left bundle branch block in acute heart failure:
analysis in three independent cohorts” (RICA from
@icyfasemi, EAHFE from @IcaSemes and BASEL-V)”
by @jc_trullas @OmiroOscar et al.

Heart failure (HF) is highly prevalent in people over
the age of 65 years and constitutes the first cause of
hospitalization in this population. During recent dec-
ades, there has been an increase in the percentage of
patients with HF who also have multiple comorbid-
ities, due mainly to the increase in cardiovascular dis-
eases (such as hypertension, obesity and diabetes)
and the aging of the population (which is frequently
associated with frailty and dependence).1,2 In addi-
tion, mortality and the need for rehospitalization
that is associated with decompensations (acute HF
[AHF]) are high, and these adverse outcomes start
from the first episode of decompensation, even in
low-risk patients with HF.3�5

Accordingly, many variables related to patient
baseline characteristics and to the acute episode of
decompensation able to predict such adverse out-
comes in patients with AHF have been investigated,
and some risk factors have been defined unequiv-
ocally.5�8 Conversely, the importance of electrocar-
diographic abnormalities has been poorly explored.
In fact, observational studies have shown that left
bundle branch block (LBBB) is present in the electro-
cardiograms (ECGs) of 15%�30% of patients with
AHF, but the association of LBBB with prognosis still
remains controversial; some studies have suggested
it is associated with higher mortality rates,9,10

whereas others have failed to demonstrate this
relationship.11�15 Many of these results, however,
come from either highly selected patients in ran-
domized controlled trials,10 patients admitted to
intensive care units,13,14 studies including patients
with right bundle branch block and LBBB together,12

or patients included in developing countries.11 All
these factors impose a large selection bias. In addi-
tion, it is of note that around one-quarter of
patients with AHF are managed entirely in the emer-
gency department without hospitalization, and
around one-quarter of patients requiring hospitali-
zation are admitted to cardiology departments.16

Accordingly, we designed the present study with
the objectives of determining the prevalence of
LBBB in patients with AHF, defining common risk
factors associated with the presence of LBBB and
analyzing the association between LBBB and the
prognosis of patients with AHF in 3 different cohorts
representing different clinical scenarios in an
attempt to avoid the aforementioned recruitment
partiality.
Methods

Study Population

The present study is a secondary analysis of
patients included in 3 independent cohorts of peo-
ple with AHF, the designs of which have been
explained in greater detail elsewhere.16�19 Briefly,
the EAHFE (Epidemiology of AHF in Emergency
departments) cohort is a prospective multicenter
registry that includes patients with AHF attended to
in 45 Spanish emergency departments (EDs) inde-
pendent of their final disposition after the first med-
ical presentation (admission to a general ward,
admission to an intensive care unit or discharged
home);16,17 the RICA (from Registro de Insuficiencia
Cardiaca Aguda, in Spanish, or AHF Registry, in
English) cohort is a prospective multicenter registry
that includes patients consecutively admitted to 34
Spanish internal medicine departments (IMDs) for
AHF who were discharged alive after the index AHF
episode that caused the hospitalization;17,18 and the
BASEL-V (Basics in Acute Shortness of Breath EvaLua-
tion) cohort is a prospective multicenter diagnostic
study that enrolled adult patients presenting with
acute dyspnea to 2 Swiss EDs.19 For the current
study, only patients in the BASEL-V cohort with adju-
dicated final diagnoses of AHF were included. The 3
registries were approved by their respective ethics
committees, and written informed consent was
obtained from all participating patients.
Patient Selection and Classification

For the present secondary analysis, we included
patients from the 3 cohorts for whom information
about the ECG at baseline and vital status after 1
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year of follow-up were available. We excluded
patients with pacemakers at admission and those
who required pacemaker implantation during the
index admission for 3 reasons: (1) a pacemaker
rhythm on the baseline ECG does not allow an ade-
quate assessment of the patient's baseline heart
rhythm; (2) pacemaker implementation could influ-
ence the prognosis; and (3) all studies that have ana-
lyzed conduction abnormalities in AHF have
systematically excluded patients with pacemakers.
Patients were then divided into 2 groups, according
to whether LBBB was or was not present in the first
resting 12-lead ECG, recorded either at the time of
ED presentation or during hospital admission. Adju-
dication of LBBB was made at a local level by the
principal investigator of each center and was based
on the presence in the ECG of a QRS duration > 120
ms; delayed onset of the intrinsicoid deflection in
leads I, V5 and V6 of > 50 ms; the presence of a
broad monophasic, often notched, R-wave in leads I,
V5 and V6, with rS or QS complexes in leads V1 and
V2; and ST-T-wave vectors opposite in direction
from the major QRS vector.20
Independent Variables

We selected 2 different types of variables: 1 set
corresponded to the baseline characteristics of the
patients, and 1 set corresponded to the clinical char-
acteristics of the acute episode of decompensation.
Among all the variables reported in the registries,
we prioritized those that were present and com-
monly defined in at least 2 of the 3 registries. The
only exceptions were the Charlson and Pfeifer
indexes (recorded only in the RICA cohort) and treat-
ments provided in the ED (recorded only in the
EAHFE cohort). Regarding baseline variables, we
finally included 28 items: 3 demographic (age, sex,
body mass index); 14 comorbidities (active smoker,
hypertension, dyslipidemia, diabetes mellitus, coro-
nary artery disease, heart valve disease, peripheral
artery disease, cerebrovascular disease, atrial fibrilla-
tion, previous episodes of AHF, chronic kidney dis-
ease, chronic obstructive pulmonary disease,
dementia, active cancer); 5 corresponding to base-
line status (New York Heart Association class, left
ventricular ejection fraction (LVEF), Barthel index,
Charlson index, Pfeifer index); and 6 chronic treat-
ments (diuretics, renin-angiotensin system inhibi-
tors, beta-blockers, mineralcorticosteroid-receptor
antagonists, digoxin, amiodarone). Regarding clini-
cal variables, we included 21 items: 6 triggers of AHF
episodes (infection, rapid atrial fibrillation, anemia,
hypertensive crisis, dietetic/pharmacologic trans-
gression, acute coronary syndrome); 3 vital signs at
arrival (systolic blood pressure [SBP], heart rate,
room air oximetry); 6 analytical parameters
(hemoglobin, creatinine, potassium, sodium, NT-
proBNP, troponin); 1 variable assessing severity
(MEESSI risk stratification);21 and 5 variables related
to ED management (intravenous diuretics, vasodila-
tors and inotropes/vasopressors, noninvasive ventila-
tion, hospitalization).

Endpoints

We selected 2 coprimary endpoints. The first was
1-year all-cause mortality. Time was counted from
the day of ED admission by the EAHFE and BASEL-V
cohorts and from hospital discharge by the RICA
cohort. The second endpoint corresponded to a 90-
day postdischarge combined event, which was
formed by all-cause mortality or need for hospitali-
zation due to AHF. ED revisit due to AHF was also
included in the combined endpoint for the EAHFE
cohort. By definition, patients dying during the
index AHF episode before discharge (in-hospital
mortality) were not included in the analysis of the
90-day postdischarge combined event. In all 3
cohorts, the time to the combined endpoint was
counted from the day of hospital discharge after the
index AHF episode, either from the ED or after hos-
pitalization. Outcome adjudication was carried out
at a local level by the principal investigators of each
center in the EAHFE and RICA cohorts, whereas cen-
tral adjudication by 2 independent cardiologists was
performed in the BASEL-V cohort.

Statistical Analysis

All statistical analyses were independently per-
formed for each individual cohort. Quantitative vari-
ables are expressed as median and interquartile
range. Qualitative variables are expressed as the
number of patients and percentages. The x2 or
Fisher exact tests (as needed) were used to compare
qualitative variables. The t test was used to compare
normally distributed quantitative variables (assessed
by the Kolmogorov-Smirnov test), and the nonpara-
metric Mann-Whitney U test was used when distri-
bution was not normal. Kaplan-Meier curve analysis
was used to plot the survival of patients with and
without LBBB and compared using the log-rank test.
Differences in 1-year mortality and the 90-day post-
discharge combined endpoint for patients with
LBBB with respect to patients without LBBB were
expressed as hazard ratios (HRs) with the 95% confi-
dence interval (CI) using the Cox regression model,
first unadjusted and then adjusted for variables
with a P < 0.05 in the bivariate comparison in each
particular cohort. Adjustments were made progres-
sively, first for baseline variables (P < 0.05), then for
clinical variables (P < 0.05) and, finally, for both
(fully adjusted model). Results of unadjusted analy-
ses and partial adjustments by baseline or acute-



Fig. 1. Triage flow chart for patient inclusion.
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episode characteristics were quite similar and, for
this reason, were not included in Table 3. We cre-
ated 5 sets of data with replacement of missing val-
ues by multiple imputation using chained equations
before proceeding with adjustments. The Rubin rule
was used to pool parameter estimates in the 5 data-
sets with multiple imputation. Finally, we ran 3 dif-
ferent sensitivity analyses of outcomes: by removing
from the control group patients with other electric
abnormalities in the ECG (including right bundle
branch block and left ventricular hypertrophy; sensi-
tivity analysis A); by including only cases and controls
in sinus rhythm (sensitivity analysis B); and by includ-
ing only cases and controls with valid values in all
variables included in the fully-adjusted model (ie,
without applying multiple imputation for missing
values; sensitivity analysis C). Statistical significance
was accepted if P < 0.05 or 95% CI excluded the
value 1. The analyses were performed using the Sta-
tistical Package for Social Sciences, version 23.0
(IBM, Armonk, New York, USA).
Results

Relative Frequency of LBBB

Of the total of 15,871 patients with AHF included
in the 3 cohorts, the present study finally selected
12,950 patients for analysis: 8451 from EAHFE, 3632
from RICA and 867 from BASEL-V cohorts (Fig. 1).
The number of patients with LBBB (and the relative
frequency of LBBB) was 937 (11.1%), 699 (19.2%)
and 106 (12.2%) in the EAHFE, RICA and BASEL-V
cohorts, respectively, and considering all the
patients together, the relative frequency of LBBB
was 13.5% (95% CI: 12.9%�14.0%)
Baseline and Acute Episode Characteristics

Patients included in the 3 cohorts had a median
age between 79 and 82 years, and there was a simi-
lar proportion of females and males (Table 1).
Comorbidities were common in every cohort; hyper-
tension, dyslipidemia, atrial fibrillation, and



Table 1. Baseline Characteristics

Epidemiology Acute Heart Failure
Emergency (EAHFE) Cohort

National Heart Failure Registry
of the Spanish Internal Medicine

Society (RICA) Cohort
Basics in Acute Shortness of Breath Evaluation

of Switzerland (BASEL-V) Cohort

All patients
N = 8451
n (%)

Missing
valuesn
n(%)

Patients
with
LBBB
n = 937
n (%)

Patients
without
LBBB
n = 7514
n (%) P** All patients

Missing
values

With
LBBB Without LBBB P**

All tients
n = 7

Missing
valuesn (%)

With LBBB
n = 106

Without
LBBB
n = 761 P**

Demographic data
Age (years) (median (IQR)) 82 (76-88) 7 (0.1) 83 (75-88) 82 (76-88) 0.769 81 (75-86) 0 (0.0) 82 (76-86) 81 (75-86) 0.012 79. 71.0, 85.0] 0 (0) 81.0 [74.2, 86.0] 79.0 [71.0, 84.0] 0.024
Sex female 4684 (55.5) 15 (0.2) 492 (52.5) 4192 (55.9) 0.049 1,797 (49) 0 (0.0) 374 (54) 1,423 (48) 0.016 404 6.6) 0 (0) 47 (44.3) 357 (46.9) 0.694
BMI (kg/m2) (median (IQR)) 28.7 (22.4-31.2) 3380 (40.0) 27.3 (24.5-30.1) 27.7 (24.8-31.2) 0.014 28.1 (25.0-31.6) 1 (0.0) 27.6 (24.7-31.1) 28.3 (25.1-32.0) 0.002 26. 23.1, 30.2] 10 (1.2) 25.7 [23.1, 29.4] 26.2 [23.0, 30.4] 0.509
Comorbidity
Active smoker 599 (9.8) 2344 (27.7) 57 (8.1) 542 (10.0) 0.097 1,387 (38) 0 (0.0) 286 (41) 1,101 (37) 0.091 161 9.0) 20 (2.3) 20 (19.8) 141 (18.9) 0.935
Hypertension 7015 (83.1) 14 (0.2) 789 (84.3) 6226 (83.0) 0.319 3,098 (85) 0 (0.0) 604 (86) 2,494 (85) 0.315 692 0.0) 2 (0.2) 87 (82.1) 605 (79.7) 0.659
Dyslipidemia 3715 (44.0) 16 (0.2) 437 (46.7) 3278 (43.7) 0.078 1,932 (53) 0 (0.0) 370 (53) 1,562 (53) 0.933 435 0.3) 3 (0.3) 64 (60.4) 371 (48.9) 0.036
Diabetes mellitus 3546 (42.0) 14 (0.2) 421 (45.0) 3125 (41.7) 0.053 1,674 (46) 0 (0.0) 313 (45) 1,361 (46) 0.473 250 8.8) 0 (0) 42 (39.6) 208 (27.3) 0.012
Coronary artery disease 2407 (28.5) 14 (0.2) 316 (33.8) 2091 (27.9) <0.001 957 (26) 0 (0.0) 210 (30) 747 (25) 0.015 393 5.4) 2 (0.2) 67 (63.2) 326 (43.0) <0.001
Heart valve disease 2121 (25.1) 13 (0.2) 277 (29.6) 1844 (24.6) 0.001 1,207 (33) 0 (0.0) 253 (36) 954 (32) 0.061 NA - NA NA NA
Peripheral arterial disease 804 (9.5) 17 (0.2) 94 (10.0) 710 (9.5) 0.573 393 (11) 0 (0.0) 92 (13) 301 (10) 0.030 145 6.7) 0 (0) 18 (17.0) 127 (16.7) 1.000
Cerebrovascular disease 1060 (12.6) 14 (0.2) 125 (13.4) 935 (12.5) 0.439 475 (13) 0 (0.0) 90 (13) 385 (13) 0.901 136 5.7) 0 (0) 13 (12.3) 123 (16.2) 0.373
Atrial fibrillation 4363 (51.7) 14 (0.2) 409 (43.7) 3954 (52.7) <0.001 2,301 (63) 0 (0.0) 399 (57) 1,902 (65) <0.001 349 0.3) 0 (0) 39 (36.8) 310 (40.7) 0.503
Chronic heart failure 5110 (63.1) 349 (4.1) 628 (69.8) 4482 (62.2) <0.001 2,353 (65) 0 (0.0) 481 (69) 1,872 (64) 0.011 423 9.0) 3 (0.3) 71 (67.0) 352 (46.4) <0.001
Chronic kidney disease* 2238 (26.5) 13 (0.2) 255 (27.2) 1983 (26.4) 0.596 2,073 (57) 0 (0.0) 418 (60) 1,655 (56) 0.097 346 0.0) 2 (0.2) 52 (49.1) 294 (38.7) 0.054
COPD 1989 (23.6) 19 (0.2) 196 (21.0) 1793 (23.9) 0.047 888 (24) 0 (0.0) 173 (25) 715 (24) 0.807 230 6.5) 0 (0) 26 (24.5) 204 (26.8) 0.704
Dementia 906 (11.6) 654 (7.7) 87 (10.5) 819 (11.7) 0.302 199 (5.5) 0 (0.0) 53 (7.6) 146 (5.0) 0.009 86 .5) 45 (5.2) 10 (9.6) 76 (10.6) 0.896
Active cancer 1079 (13.8) 656 (7.8) 114 (13.8) 965 (13.8) 0.971 430 (12) 0 (0.0) 86 (12) 344 (12) 0.649 48 0) 73 (8.4) 3 (3.2) 45 (6.4) 0.326
Baseline status
NYHA class 304 (3.6) 0.716 0.049 0 (0) 0.949
I 2029 (24.9) 214 (24.0) 1815 (25.0) 317 (8.8) 49 (1.3) 57 (8.2) 260 (9.0) 0 (0 0 (0) 0 (0)
II 4225 (51.9) 464 (52.0) 3761 (51.8) 1,929 (54) 49 (1.3) 350 (51) 1,579 (54) 67 7) 9 (8.5) 58 (7.6)
III 1779 (21.8) 209 (23.4) 1570 (21.6) 1,230 (34) 49 (1.3) 267 (39) 963 (33) 393 5.3) 48 (45.3) 345 (45.3)
IV 114 (1.4) 5 (0.6) 109 (1.5) 113 (3.1) 49 (1.3) 17 (2.5) 96 (3.3) 407 6.9) 49 (46.2) 358 (47.0)
LVEF (%) (median (IQR)) 51 (37-60) 3523 (41.7) 39 (30-55) 63 (40-61) <0.001 50 (35-60) 0 (0.0) 36 (29-52) 54 (36-62) <0,001 50. 35.0, 60.0] 319 (36.8) 35.0 [21.6, 45.0] 50.0 [35.0, 60.0] <0.001
Charlson index (points)

(median (IQR))
NA - NA NA - 3 (1-5) 0 (0.0) 3 (1-5) 3 (1-5) 0.307 NA - NA NA NA

Barthel index (points)
(median (IQR))

90 (70-100) 610 (7.2) 90 (70-100) 90 (709-100) 0.824 95 (75-100) 2 (0.1) 95 (75-100) 95 (75-100) 0.911 NA - NA NA NA

Pfeiffer index (points)
(median (IQR))

NA - NA NA - 1 (0-2) 292 (8.0) 1 (0-3) 1 (0-2) 0.318 NA - NA NA NA

Chronic treatments at home
Receiving diuretics (any) 6163 (73.5) 108 (1.3) 717 (77.6) 5419 (73.0) 0.003 3284 (90) 0 (0.0) 643 (92) 2,641 (90) 0.089 574 6.7) 6 (0.7) 84 (80.0) 490 (64.8) 0.003
Receiving RASI 4644 (55.7) 109 (1.3) 576 (62.4) 4068 (54.8) <0.001 2507 (69) 0 (0.0) 522 (75) 1,985 (68) <0.001 513 9.6) 6 (0.7) 68 (64.8) 445 (58.9) 0.295
Receiving beta-blockers 3823 (45.8) 112 (1.3) 470 (50.9) 3353 (45.2) 0.001 2330 (64) 0 (0.0) 480 (69) 1,850 (63) 0.005 496 7.6) 6 (0.7) 68 (64.8) 428 (56.6) 0.139
Receiving MRA 1343 (16.1) 107 (1.3) 184 (19.9) 1159 (15.6) 0.001 1135 (31) 0 (0.0) 271 (39) 864 (29) <0.001 77 0) 16 (1.8) 20 (19.0) 57 (7.6) <0.001
Receiving digoxin 1217 (14.6) 116 (1.4) 112 (12.1) 1105 (14.9) 0.024 634 (17) 0 (0.0) 101 (14) 533 (18) 0.023 42 9) 16 (1.8) 3 (2.9) 39 (5.2) 0.418
Receiving amiodarone 383 (4.6) 112 (1.3) 64 (6.9) 319 (4.3) <0.001 114 (3.1) 0 (0.0) 28 (4.0) 86 (2.9) 0.147 NA - NA NA NA

*Chronic kidney disease was defined as previous creatinine � 2 mg/dL for the EAHFE cohort, estimated glomerular filtration rate < 60 mL/min/m2 for the RICA cohort and the BASEL-V
cohort.

**Bold P values in shadowed cells denote statistical significance (P < 0.05).BMI, body mass index; COPD, chronic pulmonary obstruc ve disease; IQR: interquartile range; LBBB: left bun-
dle branch block; LVEF: left ventricular ejection fraction; MRA: mineralcorticosteroid-receptor blockers; NA, not available; NYHA, New ork Heart Association; RASI, renin-angiotensin sys-
tem inhibitors.
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previous episodes of AHF were present in more than
half of the patients. There were significant differen-
ces between patients with and without LBBB in
every cohort in relation to the frequency of many
baseline characteristics (in 14 of 26 in the EAHFE
cohort, in 14 of 28 in the RICA cohort, in 8 of 24 in
the BASEL-V cohort), but 4 differences were consis-
tently found in the 3 cohorts: patients with LBBB
more commonly had coronary artery disease (CAD)
and previous episodes of AHF, were on chronic
treatment with mineralcorticosteroid-receptor
antagonists, and had lower LVEFs (Table 1).
With respect to the clinical characteristics of the

AHF episodes, the most common triggers for decom-
pensation were infections (in the EAHFE and RICA
cohorts) and rapid atrial fibrillation (in the BASEL-V
cohort) (Table 2). At admission, the median SBP was
between 134 and 139 mmHg, and the median NT-
proBNP level ranged from 3486 to 4465 pg/mL.
There were significant differences between patients
with and without LBBB in the frequency of some
baseline characteristics in every cohort (in 9 of 21 in
the EAHFE cohort, in 5 of 14 in the RICA cohort and
in 5 of 16 in the BASEL-V cohort). Among the 13
common clinical variables assessed in the 3 cohorts,
2 were consistently different in patients with LBBB:
SBP was lower, and NT-proBNP levels were higher
(Table 2).
Outcomes

The cumulative all-cause mortality rate at 1 year
was 31.9% (95% CI 30.9�32.9) in the EAHFE cohort,
16.9% (95% CI 15.2-18.5) in the RICA cohort, and
31.0% (95% CI 27.9-34.1) in the BASEL-V cohort.
There were no statistically significant differences in
survival between patients with and without LBBB in
the EAHFE cohort, whereas the mortality rate was
higher in patients with LBBB in the RICA and BASEL-
V cohorts (Fig. 2). On the other hand, the cumulative
postdischarge combined event at 90 days was 49.0%
(95% CI 47.2�50.8) in the EAHFE cohort, 15.8%
(95% CI 14.6�17.0) in the RICA cohort, and 22.0%
(95% CI 19.3�24.8) in the BASEL-V cohort. For this
outcome, statistically significant differences
between patients with and without LBBB were
observed only in the BASEL-V cohort, where patients
with LBBB had an increased risk (Fig. 2).
The risk of adverse outcomes after adjustments

are presented in Table 3. LBBB was not associated
with significant differences in either 1-year mortal-
ity or the 90-day postdischarge combined event in
the EAHFE cohort in any of the adjusted models. In
the other 2 cohorts, the increased risk of crude 1-
year mortality in patients with LBBB was maintained
in the models adjusted for baseline characteristics
(BASEL-V cohort) or for characteristics of the acute
episode (RICA cohort), but this significance was not
maintained in the remaining models, including the
fully adjusted model. On the other hand, the
increased risk of the crude 90-day postdischarge
combined event in patients with LBBB found in the
BASEL-V cohort was not observed in any of the
adjusted models. In summary, and remarkably, the
fully adjusted models did not uncover statistically
significant differences between patients with and
without LBBB for any of the outcomes analyzed.
Sensitivity analyses (which could not be run in the
BASEL-V cohort due to the small group size and low
number of events) confirmed this lack of association
between LBBB and adverse outcomes in the EAHFE
and RICA cohorts (Table 3).
Discussion

The main strength of this study is the inclusion of
a large number of real-world AHF patients from 3
independent cohorts, representing 3 different sce-
narios and covering a wide spectrum of this syn-
drome, with no limitations in age, comorbidities, HF
etiology, or LVEF values. From this unique perspec-
tive, we herein report 3 main findings. First, the
prevalence of LBBB in patients with AHF ranges
between 10% and 20%. Second, the presence of
LBBB is consistently associated with some baseline
and acute episode clinical characteristics. And third,
after adjusting for differences between patients
with and without LBBB, the presence of LBBB in the
ECG does not seem to be associated with adverse
outcomes.

The prevalence of LBBB was higher in the RICA
cohort (19%; hospitalized patients) than in the
EAHFE and BASEL-V cohorts (11%�12%; patients
recruited in the ED). LBBB probably constitutes a
marker of a more evolved cardiac disease (regardless
of the main cause leading to HF), so it is expected to
be more prevalent in hospitalized patients because
they probably have more severe cardiac diseases
and/or decompensations. In fact, the prevalence
found in the hospitalized patients of the RICA
cohort (19%) was close to that reported in previous
studies, ranging between 15% and 30%, and all of
these studies exclusively referred to hospitalized
patients.9�15

This result is likely to be linked to our second find-
ing: LBBB was more common in patients with CAD,
previous AHF episodes, reduced LVEF, and higher
increments of NT-proBNP in the 3 cohorts analyzed
in the present study. All these findings suggest a
prominent role of ischemic cardiomyopathy in the
development of LBBB and that LBBB could be
related to more highly evolved cardiac diseases. In
this regard, MEESSI risk stratification also agrees
with this concept, as patients with LBBB presented



Table 2. Characteristics of Acute Episodes

EAHFE cohort RICA cohort BASEL-V cohort

All patients
n = 9098
n (%)

Missing
values
n (%)

Patients
with
LBBB
n = 1035
n (%)

Patients
without
LBBB
n = 8063
n (%) P** All patients

Missing
values With LBBB Without LBBB P**

All patients
n = 867

Missing
values

With LBBB
n = 106

Without
LBBB
n = 761 P**

Triggers of AHF
episode

Infection 3009 (39.4) 810 (9.6) 265 (33.0) 2744 (40.1) <0.001 1,155 (32) 0 (0.0) 225 (32) 930 (32) 0.786 235 (27.1) 0 (0) 22 (20.8) 213 (28.0) 0.146
Rapid atrial

fibrillation1
1275 (16.7) 811 (9.6) 91 (11.3) 1184 (17.3) <0.001 933 (26) 0 (0.0) 155 (22) 778 (26) 0.021 271 (31.3) 0 (0) 24 (22.6) 247 (32.5) 0.054

Anaemia 533 (7.0) 809 (9.6) 50 (6.2) 483 (7.1) 0.377 286 (7.9) 0 (0.0) 45 (6.4) 241 (8.2) 0.137 69 (8.0) 0 (0) 11 (10.4) 58 (7.6) 0.429
Hypertensive crisis2 435 (5.7) 808 (9.6) 54 (6.7) 381 (5.6) 0.183 243 (6.7) 0 (0.0) 40 (5.7) 203 (6.9) 0.274 95 (11.0) 0 (0) 12 (11.3) 83 (10.9) 1.000
Dietetic/pharmaco-

logic transgression
260 (3.4) 810 (9.6) 26 (3.2) 234 (3.4) 0.783 429 (12) 0 (0.0) 90 (13) 339 (12) 0.328 90 (10.4) 0 (0) 8 (7.5) 82 (10.8) 0.395

Acute coronary
syndrome3

185 (2.2) 40 (0.5) 26 (2.8) 159 (2.1) 0.186 270 (7.4) 0 (0.0) 59 (8.4) 211 (7.2) 0.261 98 (11.3) 0 (0) 11 (10.4) 87 (11.4) 0.875

Severity of AHF
episode

SBP (mmHg) (median
(IQR))

139 (121-158) 92 (1.1) 136 (120-155) 139 (121-158) 0.012 134 (119-151) 0 (0.0) 131 (115-150) 135 (120-152) 0.002 138 [121-157] 0 (0) 130 [110-151] 139 [122-157] 0.012

Heart rate (bpm)
(median (IQR))

87 (73-104) 150 (1.8) 89 (75-103) 87 (73-104) 0.376 84 (72-100) 0 (0.0) 82 (71-100) 85 (72-100) 0.343 92 [74-111] 2 (0.2) 85 [72-102] 92 [75-111] 0.061

Pulse oxymetry (%)
(median (IQR))

94 (90-97) 215 (2.5) 94 (90-96) 94 (90-97) 0.237 NA - NA NA - 96 [93-98] 1 (0.1) 97 [95-99] 96 [93-98] 0.030

Hemoglobin (g/L)
(median (IQR))

120 (107-134) 44 (0.5) 121 (109-134) 120 (106-134) 0.036 12 (11�14) 0 (0.0) 12 (11�14) 12 (11�14) <0,001 128 [113-141] 16 (1.8) 125 [110-139] 128 [113-142] 0.257

Creatinine (mg/dL)
(median (IQR))

1.16 (0.89-1.57) 63 (0.7) 1.19 (0.90-1.58) 1.15 (0.88-1.57) 0.079 1.16 (0.90-1.52) 0 (0.0) 1.20 (0.96-1.54) 1.15 (0.90-1.51) 0.009 1.13 [0.89-1.61] 9 (1.0) 1.27 [0.94-1.95] 1.11 [0.88-1.56] 0.009

Potassium (mmol/L)
(median (IQR))

4.4 (4.0-4.8) 537 (6.4) 4.3 (4.0-4.8) 4.4 (4.0-4.8) 0.518 4.3 (3.9-4.7) 156 (4.3) 4.3 (3.9-4.7) 4.3 (3.9-4.7) 0.211 4.1 [3.8-4.5] 36 (4.2) 4.2 [3.8-4.5] 4.1 [3.8-4.5] 0.516

Sodium (mmol/L)
(median (IQR))

139 (136-141) 141 (1.7) 139 (136-141) 139 (136-141) 0.307 140 (137-142) 0 (0.0) 139 (136-142) 140 (137-142) 0.855 139 [136-141] 15 (1.7) 139 [136-141] 139 [136-141] 0.706

NT-proBNP (ng/mL)
(median (IQR))

3764
(1936-8143)

1394 (16.5) 4828
(2416-11170)

3685
(1900-7898)

<0.001 3,486
(1,666-7,898)

1165 (32.0) 4,763
(2,130-9,247)

3,329
(1,568-7,506)

<0,001 4,465
[1,951-9,257]

22 (2.5) 6,032
[2,210-12,367]

4,275
[1,923-9,054]

0.013

Raised troponin
(above 99th

percentile)

2657 (51.6) 3307 (39.1) 338 (53.6) 2319 (51.3) 0.292 48 (4.7) 2,607 (71.7) 14 (6.3) 34 (4.2) 0.206 747 (86.8) 6 (0.7) 98 (92.5) 649 (86.0) 0.090

MEESSI-AHF risk cate-
gory*
Low risk
Intermediate risk
High risk
Very high risk

1946 (39.0)
2015 (40.4)
554 (11.1)
474 (9.5)

3467 (41.0)
211 (36.3)
240 (41.2)
62 (10.7)
69 (11.9)

1735 (39.4)
1775 (40.3)
492 (11.2)
405 (9.2)

0.054 NA - NA NA -
309 (41.9)
304 (41.2)
65 (8.8)
59 (8.0)

130 (15.0)
26 (28.9)
44 (48.9)
8 (8.9)
12 (13.3)

283 (43.7)
260 (40.2)
57 (8.8)
47 (7.3)

0.026

Treatment at ED
IV diuretics 7184 (85.8) 81 (1.0) 825 (88.3) 6359 (85.5) 0.018 NA - NA NA - NA - NA NA -
IV vasodilators 1062 (12.7) 82 (1.0) 144 (15.4) 918 (12.3) 0.008 NA - NA NA - NA - NA NA -
Inotrope/vasoactive

drugs
126 (1.5) 87 (1.0) 25 (2.7) 101 (1.4) 0.002 NA - NA NA - NA - NA NA -

Non-invasive
ventilation

678 (8.1) 82 (1.0) 95 (10.2) 583 (7.8) 0.013 NA - NA NA - NA - NA NA -

Need of
hospitalization

6715 (79.4) 4 (0.0) 724 (77.2) 5991 (79.7) 0.069 NA - NA NA - NA - NA NA -

1Defined as arrhythmia in BASEL V.
2Defined as hypertension in BASEL V.
3Defined as Ischemia in BASEL V.
*The MEESSI-AHF score is calculated based on 13 variables obtained at patient arrival at emergency department: age, acute coronary syndrome as trigger of decompensation, systolic

blood pressure, oxygen saturation, low output signs and symptoms, creatinine, potassium, troponin, NTproBNP, hypertrophy in the ECG, and Barthel Index and NYHA class at the moment
of patient presentation to the emergency department.MEESSI-AHF risk score in the BASEL V cohort is calculated using an established reduced (Model D: without Barthel Index Score) and
recalibrated model as described elsewhere (Wussler et al., 2019).

**Boldface P values in shadowed cells denote statistical significance (P < 0.05)ED, emergency department; EMS, emergency medical services; NA, not available.
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Fig. 2. Kaplan-Meier curves for 1-year survival (up) and 90-day combined event (down) for the EAHFE cohort (left), RICA
cohort (middle) and BASEL-V cohort (right).
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to the ED with more severe decompensations than
patients without LBBB in the BASEL-V cohort
(P = 0.026) and also with a marked trend in this
direction in the EAHFE cohort (P = 0.054).
Although several studies have analyzed the rela-

tionship between LBBB and the prognosis of
patients with HF,9�15,22�24 only 2 have found worse
outcomes in patients with AHF and LBBB. Abdel-
Qadir et al.9 analyzed 9487 patients and found an
increase in mortality rate and the need for rehospi-
talization because of HF in patients with LBBB; how-
ever, their analysis was limited to patients
hospitalized for AHF. On the other hand, Wang et
al.10 also found an increased risk of death associated
with LBBB in a cohort of 2962 patients, although
their analysis was limited to patients with reduced
LVEF. No differences in mortality rates were
reported in the remaining studies carried out to
date in patients with AHF.11�15 Again, patients
included in these studies were highly selected and,
therefore, they could have ascertained the problem
only in a limited number of situations. Interestingly,
Tabrizi et al.14 suggested that an apparent increased
mortality rate in patients with LBBB could be, in
fact, due to the higher number of cardiac comorbid-
ities and myocardial dysfunction than to LBBB per
se. This hypothesis agrees with our findings; we
found an apparent increase in mortality rates in the
unadjusted analyses, which disappeared after
adjustment using, among others, CAD and previous
AHF episodes (higher in patients with LBBB) and
LVEF (decreased in patients with LBBB). In summary,
and in concordance with our results, most of the
previous studies did not show a clearly significant
increase in mortality rates in the group of patients
with LBBB when adjusting for comorbidities, echo-
cardiographic data and laboratory tests.

Patients with AHF and LBBB surviving the index
episode did not exhibit a higher risk of a 90-day
postdischarge combined adverse events than did
patients with AHF but without LBBB. This early
phase after discharge has been defined as the vul-
nerability period, in which the risk of complications
is higher.25�27 In fact, 20% of rehospitalizations for
AHF are seen within the first 30 days following hos-
pital discharge, and up to 50% occur within 6
months.28 However, LBBB does not seem to play a
role during this vulnerable period, even taking into
account ED revisits (not needing hospitalization)
due to mild episodes of AHF (as we described in the
EAHFE cohort). It is important to note that when
LBBB is associated with LVEF below 40% there is an
opportunity for further treatment with a cardiac
resynchronization therapy device (in most of these
patients LBBB persists, but in others LVEF improves
and cardiac resynchronization therapy is not neces-
sary). On the other hand, in most cases LVEF stays
below 40% if it was below 40% initially. For this



Table 3. Cox Regression Analyses for 1-Year All-Cause Mortality and 90-Day Postdischarge Combined Event for Patients
With Left Bundle Branch Block in the 3 Cohorts, Including Sensitivity Analyses in the Fully Adjusted Model

EAHFE cohort RICA cohort BASEL-V cohort
HR (IC 95%) P** HR (IC 95%) P** HR (IC 95%) P**

1-year all-cause mortality

Main analyses
Unadjusted 1.093 (0.967-1.235) 0.155 1.320 (1.107-1.573) 0.002 1.572 (1.141-2.166) 0.006
Adjusted by baseline characteristics2 1.055 (0.931-1.194) 0.403 1.131 (0.940-1.360) 0.192 1.433 (1.032-1.989 0.032
Adjusted by acute episode characteristics3 1.038 (0.911-1.183) 0.574 1.303 (1.092-1.555) 0.003 1.333 (0.952-1.864) 0.094
Fully-adjusted model 1.021 (0.894-1.166) 0.756 1.148 (0.953-1.382) 0.146 1.321 (0.937-1.860) 0.112

Sensitivity analyses for the fully adjusted model
Sensitivity analysis A* 1.007 (0.882-1.151) 0.916 1.138 (0.908-1.427) 0.262 NA1

Sensitivity analysis B* 1.174 (0.950-1.450) 0.138 0.943 (0.688-1.294) 0.718 NA1

Sensitivity analysis C* 1.124 (0.886-1.425) 0.337 1.037 (0.813-1.323) 0.771 NA1

90-day post-discharge combined event

Main analyses
Unadjusted 1.015 (0.901-1.142) 0.810 1.193 (0.980-1.453) 0.078 1.554 (1.063-2.272) 0.023
Adjusted by baseline characteristics2 0.979 (0.868-1.105) 0.736 1.106 (0.899-1.362) 0.340 1.382 (0.938-2.037) 0.102
Adjusted by acute episode characteristics3 1.033 (0.910-1.172) 0.620 1.178 (0.965-1.437) 0.107 1.289 (0.871-1.909) 0.204
Fully-adjusted model 1.004 (0.883-1.142) 0.950 1.138 (0.923-1.403) 0.226 NA1

Sensitivity analyses for the fully-adjusted model
Sensitivity analysis A* 1.007 (0.885-1.146) 0.911 1.155 (0.903-1.476) 0.252 NA1

Sensitivity analysis B* 0.978 (0.797-1.199) 0.831 1.223 (0.861-1.739) 0.261 NA1

Sensitivity analysis C* 0.907 (0.711-1.156) 0.431 1.156 (0.877-1.523) 0.303 NA1

*Sensitivity Analysis A consisted of removing from the control group patients with other electric abnormalities in the ECG (including
right bundle branch block, left ventricular hypertrophy); sensitivity analysis B included only cases and controls in sinus rhythm; and Sensi-
tivity Analysis C included only cases and controls with valid values in all variables included in the fully adjusted model, without applying
multiple imputation for missing values.

**Bold P values in shadowed cells denote statistical significance (P < 0.05)BASEL V: 90-day combined event: CHF-Rehosp, all-cause
mortality.

1These analyses were not performed in the BASEL V study because there were fewer than 10 events per included variable.
2For every cohort, covariates included in the adjustment by baseline characteristics were those variables with a P value < 0.05 in the

bivariate analysis for each particular cohort.
3For every cohort, covariates included in the adjustment by acute episode characteristics were those variables with a P value < 0.05 in

the bivariate analysis for each particular cohort.
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reason, the lack of independent effect on mortality
could be explained also by the therapy applied in
those with persistent LVEF below 40% and LBBB.
It is worthy of note that in our study, the results of

the 3 cohorts show some differences in their main
outcomes. These differences are easily explained by
differences in cohort definition and composition.
For example, the RICA cohort accounted only for
hospitalized patients in IMD, and the AHF case mix
in the IMD is more heterogeneous than the AHF
case mix in cardiology departments. Moreover, the
follow-up in the RICA cohort was initiated just after
hospital discharge and, therefore, in-hospital mor-
tality did not account for 1-year mortality. This
resulted in a 1-year mortality of around half that 1
observed in the EAHFE and BASEL-V registries. On
the other hand, in the BASEL-V cohort up to 67% of
patients with CAD in the group had LBBB (around
double that of the EAHFE and RICA cohorts) and the
proportion of patients with advanced (III or IV) New
York Heart Association functional class was higher
than 90% (about triple that of the EAHFE and RICA
cohorts). This probably explains why, in the unad-
justed analysis, we found higher differences in 1-
year mortality and 90-day postdischarge combined
event in patients with LBBB compared to those with-
out LBBB in the BASEL-V cohort in comparison with
the narrower differences found in the other 2
cohorts, as well as why a large part of these differen-
ces between patients with and without LBBB disap-
pears after adjustment for these confounders in the
BASEL-V cohort.

Limitations

There are some limitations that should be consid-
ered. First, the 3 cohorts included patients with AHF
but with heterogeneity in their characteristics and
with different perspectives at the time of inclusion
(EDs and IMDs) that may contribute to the differen-
ces shown in the results. However, this was inten-
tionally sought by the authors in order to provide 3
different perspectives on the same clinical problem
and, in some aspects, this should be taken into
account as a strength of our study. Second, as in
every observational study, causal relationships can-
not be inferred. Therefore, the results of the current
analysis are limited by the retrospective design, and
some important data could be lacking. For example,
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the onset of LBBB and its potential disappearance
during follow-up was unknown. Even more impor-
tant, a large number of LVEF values were missing in
the EAHFE and BASEL-V cohorts, and information
regarding cardiac resynchronization therapy imple-
mentation (that could modify the prognosis of
patients) is not available for any of the 3 cohorts.
Although we tried to manage this limitation by
using multiple imputation, we cannot exclude bias.
Therefore, our results should be considered to be
hypothesis generating. Third, there was no sample-
size calculation, and this could have influenced the
lack of statistical significance in some comparisons
(beta error). Indeed, a sensitivity analysis cohort
could not be performed in the BASEL-V cohort due
to the limitation of sample size. Fourth, Spain and
Switzerland have a nationwide universal public
health care system, and external validation of our
results might be needed to confirm their generaliz-
ability. For example, Spanish EDs are able to provide
observation for up to 24 hours, which is not the rule
in other countries, and this can influence the per-
centage of patients who are sent home directly
from the ED, without hospitalization, and their
prognoses.29 Fifth, our study included a high per-
centage of elderly patients with AHF in whom frailty
and dependence are common, and these 2 factors
are strongly related to mortality.1,30 And sixth, out-
come adjudication was performed externally only in
the BASEL-V cohort.
Conclusions

The prevalence of LBBB in our 3 large cohorts of
patients with AHF ranged between 11% and 19%,
and it is associated with some cardiovascular comor-
bidities, a reduced LVEF and probably more severe
decompensations. Nonetheless, after taking these
factors into account, the presence of LBBB in
patients with AHF does not seem to be associated
with a statistically significant increased risk of
adverse outcomes.
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